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A LAKE MANAGEMENT PLAN
FOR NAGAWICKA LAKE, WAUKESHA COUNTY, WISCONSIN

Chapter 1

INTRODUCTION
Nagawicka Lake lies within U.S. Public Land Survey Sections 5, 8, 9, 16, 17, 20, and 21, Township 7 North,
Range 18 East in north-central Waukesha County, Wisconsin. The Lake is located partially in the City of
Delafield and partially in the Village of Nashotah, and is on the fringe of metropolitan Milwaukee (see Map
1.1). Nagawicka Lake, together with its associated watershed and wetlands, is an important high-quality
natural resource and is a substantial asset to the local and regional community. For this reason, preserving
and enhancing the Lake’s health is an issue of considerable interest to resource managers, Lake residents,
Lake users, and others who benefit from the Lake’s recreational, ecological, and aesthetic value.

1.1 PLAN PURPOSE AND OVERVIEW

The health of a lake or stream is usually a direct reflection of the land use and management within its
watershed. Intervention is often necessary to maintain or improve lake and watershed conditions. This plan
provides a framework to protect and improve the land and water resources of Nagawicka Lake and its
watershed with a focus on protecting this existing high-quality resource from undesirable human influence
thus preventing future degradation.

The plan is divided into three chapters. Chapter One briefly outlines the plan’s purpose, summarizes basic
Lake characteristics and assets, and presents the study’s general goals and objectives. Chapter Two presents
and interprets information needed to understand Lake conditions and the factors that could imperil Lake
health. Finally, Chapter Three discusses approaches to protect and enhance the Lake and its watershed.
Chapter Three recommendations aim to enhance and preserve Nagawicka Lake’s native plant community,
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ecology, and water quality yet allow activities that continue to allow lake users and watershed residents with
comfortable modern lifestyles and opportunities for safe and enjoyable recreation within the Lake and the
Lake’s watershed.

This plan complements other existing plans,1 programs, and ongoing management actions in the Nagawicka
Lake watershed. The plan represents the continuing commitment of government agencies, municipalities,
and citizens to diligent lake planning and natural resource protection. Additionally, this plan was designed
to assist State agencies, local units of government, nongovernmental organizations, businesses, and citizens
develop strategies that benefit the natural assets of Nagawicka Lake and its watershed. By using the
strategies outlined in this plan, results will be achieved that enrich, preserve, and increase ecological
resilience, and help assure long-term sustainability of the natural environment.

This planning program was funded in part by a Chapter NR 190 Lake Management Planning grant awarded
to the City of Delafield Lake Welfare Committee (LWC), which is a cooperative effort between the City of
Delafield and the Village of Nashotah. Examples of major grant program deliverables include the following
items:

 an updated aquatic plant inventory and management plan

 an assessment of Lake water quality condition and trends

 mapped locations of streambank erosion and nonpoint pollution sources on the Bark River upstream
of the Lake and on the Lake itself

 mapped sediment depths in the Lake and suggestions for controlling sedimentation

 maps delineating the watershed and defining characteristics such as groundwater recharge potential,
buffers, and existing/planned land use

 estimated sediment and nutrient loads derived from several simulation models
_____________
SEWRPC Memorandum Report No. 130, A Lake and Watershed Inventory for Nagawicka Lake, Waukesha County,
Wisconsin, March 1999; SEWRPC Community Assistance Planning Report No. 262, A Lake Management Plan for
Nagawicka Lake, Waukesha County, Wisconsin, March 2001; and, SEWRPC Memorandum Report No. 161, An Aquatic
Plant Management Plan for Nagawicka Lake, Waukesha County, Wisconsin, March 2006.
1
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 specific recommendations for watershed management including maps and an action plan

 a comprehensive written report

The inventory and aquatic plant management plan elements presented in this report conform to
requirements and standards set forth in relevant Wisconsin Administrative Codes.2

1.2 CHARACTERISTICS AND ASSETS OF NAGAWICKA LAKE AND ITS WATERSHED

Nagawicka Lake is classified by the Wisconsin Department of Natural Resources (WDNR) as a drainage lake.
The Lake is essentially a wide and deep section of the Bark River. The River enters the Lake on the
northeastern shore and exits the Lake’s southwestern embayment. Nagawicka Lake is located in the central
portion of the Bark River watershed, downstream of Bark Lake, and upstream of a chain of lakes that include
Upper and Lower Nemahbin Lakes and Crooked Lake. The Bark River enters the Rock River near Fort
Atkinson, Wisconsin. From there, the Rock River enters the Mississippi River just south of Rock Island, Illinois.
Water from Lake Nagawicka and the Bark River watershed ultimately discharges to the Gulf of Mexico.
Based upon WDNR records, Nagawicka Lake is one of Waukesha County’s largest lakes. The Lake is also the
second deepest in Waukesha County and the fourth deepest in all of Southeastern Wisconsin.3 The Lake
and its watershed cover over 46 square miles in Waukesha and Washington Counties. Chapter Two provides
more detail regarding the morphometry, morphology, and hydrology of Lake Nagawicka and the Bark River,
and relates these characteristics to water quality, aquatic plants, fisheries, recreation and overall Lake
management.
Nagawicka Lake and its watershed provide numerous, widely varying, recreational assets. Prominent
features include Naga-Waukee County Park, the Lake Country Trail, several public boat launches and
marinas, campgrounds, and the large number of shoreline residences. The Lake successfully supports a
spectrum of recreational interests as evidenced by boat counts and observations completed by
Southeastern Wisconsin Regional Planning Commission (SEWRPC) staff during summer 2016 (see Chapter

_____________
2This plan has been prepared pursuant to the standards and requirements set forth in the following chapters of the
Wisconsin Administrative Code: Chapter NR 1, “Public Access Policy for Waterways;” Chapter NR 40, “Invasive Species
Identification, Classification and Control;” Chapter NR 103, “Water Quality Standards for Wetlands;” Chapter NR 107,
“Aquatic Plant Management;” and Chapter NR 109, “Aquatic Plants Introduction, Manual Removal and Mechanical Control
Regulations.”
3Wisconsin

Department of Natural Resources Bureau of Fisheries and Habitat Management, Wisconsin Lakes, WDNR
Publication FH-800, 2009.
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Two for more details). Lake users engage in full-body contact uses (such as swimming and water skiing) as
well as pleasure cruising, high-speed boating, fishing, and other activities.
Nagawicka Lake supports a healthy fishery with a wide range of sport and panfish. Nagawicka Lake is one
of only a few lakes in Southeastern Wisconsin that hosts or once hosted a naturally occurring population of
cisco, or lake herring (Coregonus artedi).4,5 Cisco require cold, deep, well oxygenated lakes, are considered
to be excellent early responding indicators of changes in water quality, and contribute to exceptional forage
opportunities for gamefish. Although cisco are no longer present in the Lake, water quality has improved
over the years, and the Lake may once again be able to support this fish in the future. Additionally, as is
further described in Chapter Two, the Lake’s watershed contains critical species habitat areas and a variety
of wetlands, uplands, and woodlands. The watershed likely support a large number of resident animal
species, including several species of reptiles and amphibians, small and large mammals, insects, and
invertebrates, as well as a number of transient bird species that may be found in the area during seasonal
migrations.6
1.3 LAKE PROTECTION GOALS

General lake protection goals that aim to maintain and enhance the Lakes’ assets were developed as a part
of this planning process. The goals listed below were developed in consultation with the LWC, the City of
Delafield, the Village of Nashotah, and the public. The goals also directly address goals established in the
Waukesha County Comprehensive Development Plan and the Waukesha County Land and Water Resources
Management Plan,7,8 and helps provide additional detail regarding the sources of phosphorus described in
the 2006 USGS report.9
 Examine the Lake’s aquatic plant community

_____________
4Cahn,

Alvin Robert, An Ecological Study of Southern Wisconsin Fishes, The Brook Silversides (Labidesthes sicculus) and
the Cisco (Leucichthys artedi) in Their Relations to the Region, Illinois Biological Monographs Volume XI, Number 1,
University of Illinois, 1927.

5Recent

fishery surveys suggest that Nagawicka Lake’s cisco population is severely depleted or extirpated. For more
information, please consult the following reference: Lyons, John and Jeff Kamp, Tim Parks, and Greg Sass, The Whitefishes
of Wisconsin’s Inland Lakes: The 2011-2014 Wisconsin Department of Natural Resources Cisco and Lake Whitefish Survey,
Fisheries and Aquatic Research Section, Wisconsin Department of Natural Resources, February 2015.

6

These estimates are based on bird, amphibian, and reptile databases for the Region.
County Department of Parks and Land Use, A Comprehensive Development Plan for Waukesha County,
Waukesha, Wisconsin, February 24, 2009, www.waukeshacounty.gov/defaultwc.aspx?id=39496.

7Waukesha

8Waukesha County Department of Parks and Land Use, Waukesha County Land and Water Resource Management Plan,
2012.
9Herbert

S. Garn, Dale M. Robertson, William J. Rose, Gerald L. Goddard, and Judy A. Horwatich. op. cit.
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o Document the status of the Lake’s aquatic plant community, with particular emphasis on the
occurrence and distribution of nonnative species. Use this information to better understand the
changes and dynamics of the Lake’s aquatic plant community.

o Evaluate the impact of aquatic plants on Lake use and habitat value.

o Identify measures and methods useful to reduce the extent and abundance of nonnative aquatic
plant species.

o Reduce the risk of allowing nonnative aquatic species to spread to other waterbodies, including
downstream lakes, as noted in relevant previous Lake protection management plans.10

o Provide the bulk of the information needed to successfully apply for an aquatic plant
management permit.

 Update watershed condition descriptions, with particular emphasis on the Bark River watershed
immediately upstream of the Lake. This includes identifying and quantifying potential point and
nonpoint sources of pollution, nutrient and sediment inputs, and nutrient and contaminant balances.
Also, provide conceptual examples of projects that could be undertaken to mitigate the impact of
identified sediment and pollution sources.

 Identify the extent of existing and potential future water quality problems likely to be experienced in
the Lake. This includes examining the Lake’s water quality using physicochemical monitoring data
collected as part of ongoing water quality monitoring programs. In addition, estimate future water
quality changes and provide advice regarding appropriate future monitoring activity.

 Assess the degree and intensity of recreational water use in and around Lake Nagawicka.

 Formulate appropriate management objectives, action plans, public information and education
strategies, ordinances, and other possible responses to the identified problems.
_____________
10SEWRPC

Community Assistance Planning Report No. 262, A Lake Management Plan for Nagawicka Lake, 2001; and

SEWRPC Memorandum Report No. 161, An Aquatic Plant Management Plan for Nagawicka Lake, Waukesha
County, Wisconsin, 2006.
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 Provide advice and concepts describing management, enhancement, and restoration measures that
address identified issues of concern and could improve current and future Lake health and ecological
resilience/resistance. This likely will include active measures as well as outreach and education.
Conscientiously implementing the actions recommended herein should provide an important step toward
achieving the LWC’s desired lake use/protection objectives over time.
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Map 1.1
Location of the Nagawicka Lake Watershed
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Chapter 2

INVENTORY FINDINGS AND RELEVANCE
TO RESOURCE MANAGEMENT
2.1 INTRODUCTION

Despite being a valuable resource to the community as briefly described in Chapter I, human activity
around the Lake and within its watershed subjects Nagawicka Lake to conditions that contribute to
existing management challenges and could lead to future problems and concerns. To better define and
understand these issues, and to help maintain water body characteristics supporting quality recreational
use and the Lake’s great latent ecological value, the Lake Welfare Committee (LWC) and the Southeastern
Wisconsin Regional Planning Commission (SEWRPC) executed an agreement to study the causes of
community concern and to develop a management plan addressing these concerns.

As a part of the planning process, a list of issues of most concern were identified through various means,
including an initial informational workshop with members of the Lake community, the annual meetings of
the Lake Welfare Committee, and field investigations conducted by SEWRPC staff (see Table 2.1). These
issues are the basis for the topics addressed in this management plan. This chapter provides information
and interpretations that will 1) help answer questions posed by the Lake Welfare Committee and
concerned community members and 2) inform the development of concepts that help safeguard longterm Lake health and human-based value.
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2.2 PHYSIOGRAPHY AND CULTURAL GEOGRAPHY

The condition and overall health of waterbodies are directly related to the natural and human-induced
characteristics and features within the area draining to the waterbody. This section describes many features
including the shape and arrangement of landscape features, the composition and arrangement of soil and
rock, stream channel and Lake basin shapes, how water moves through the area, and how humans influence
the landscape.

Given the connections between the practices around a lake and lake water quality, it is important to
characterize the area that drains to a lake—its watershed—to determine potential pollution sources and
risks to the lake’s water quality. Several items need to be examined in order to complete this
characterization, including:

1. The location and extent of a lake’s watershed— Before characterizing a watershed, its extent must
be quantified. The delineation process involves carefully examining land surface elevation data to
delineate the area from which water draining from the land surface eventually reaches a waterbody.
This analysis provides the basis for determining whether potential pollutant sources threaten a
waterbody. For example, if a pollution source is near a waterbody but outside the watershed,
contaminated surface runoff from that source would not reach the waterbody, and, therefore, may
not be an issue of concern in terms of water quality.

2. The type and location of existing land use within the watershed—The extent and location of
land use practices within the watershed can help predict the type and amount of pollution reaching
a waterbody. Land use conditions can be represented with models to estimate total pollutant loads
entering a waterbody, evaluate the relative contribution of certain land uses or areas, and predict
consequences of land use change. Once loads are estimated, management efforts can be efficiently
focused on those areas generating the greatest loads. For example, if agriculture is predicted to be
the primary source of phosphorus to a water body, initial pollution reduction efforts may be
focused on this land use..

3. The type and location of past land use changes within the watershed—Being aware of past
land use changes can provide context for understanding what caused past waterbody health issues,
particularly when considered with contemporaneous water quality monitoring data or welldocumented historical issues. For example, if a long-term lake property owner remembers or
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recorded the years of heavy aquatic plant growth, large algal blooms, or low or high water levels,
those conditions can be correlated with historical land use changes to examine if something
changed to cause an issue (such as an increase in impermeable surfaces or installation of
stormwater infrastructure). This information can help offer insight into how a waterbody may react
to similar future changes and situations.

4. The nature and location of planned land use within the watershed—In addition to past and
current land use in a watershed, planned land use changes can help estimate future conditions. This
information helps target areas that may need active or pre-emptive management in the future, as
well as estimate the potential type and magnitude of future pollution issues.

5. The location of known pollution sources in the watershed (if applicable)—Many human
activities contribute pollutants to waterbodies. Many potential pollutant sources are stringently
regulated. However, some may continue to be significant pollution sources. An example is private
onsite wastewater treatment systems (POWTS), commonly known as septic systems. POWTS can be
a significant source of phosphorus when not properly maintained and are usually a source of
chloride. Consequently, it is important to investigate whether POWTS exist within a watershed.

Location and Topography
Nagawicka Lake receives runoff from a 28,656-acre watershed draining portions of north-central Waukesha
County and south-central Washington County.1 The watershed trends northeast to southwest, and includes
portions of ten municipalities including the City of Delafield; Villages of Chenequa, Hartland, Merton,
Nashotah, Richfield, and Sussex; and the Towns of Delafield, Lisbon, and Merton (see Map 2.1). The
watershed’s most upstream reaches are located north of Bark Lake in the Village of Richfield, an area over
15 miles to the northeast of the Lake. Even though the watershed drains areas that far away, it is quite
narrow, with a maximum width of approximately 5 miles. The Lake itself covers 1,010 acres in the City and
Delafield and the Village of Nashotah.

The Lake and its watershed are within easy driving distance to downtown Milwaukee. As one of the largest
and deepest lakes of the Waukesha County lake region, Nagawicka Lake is one the Milwaukee Metropolitan

The Nagawicka Lake watershed boundary was delineated using two-foot interval ground elevation contours developed
from a year 2003 digital terrain model.
1
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Area’s premier water-based recreation lakes. These factors increase development and overall lake-use
demand, which contributes to heavy pressure on the watershed’s natural resource assets.

The ground surface elevation in the Nagawicka Lake watershed varies by approximately 235 feet, with
elevations of approximately 889 to 890 feet above National Geodetic Vertical Datum, 1929 adjustment
(NGVD 29) found along the Lake’s shoreline to elevations ranging between 1050 and 1125 feet above NGVD
29 at the crest of prominent hills and ridges in southern and central portions of the watershed and across
broad areas of the headwater area (see Map 2.2).

Areas of significant topographic relief are prone to long and/or steep slopes. Steeply sloping area are less
likely to store or infiltrate water and are more likely to experience significant erosion, especially when
actively cropped, developed, or urbanized. Eroded sediments are transported to lakes, streams, and
wetlands where they settle and have the potential to cover desirable granular substrates. Furthermore,
sediments often contain significant amounts of nutrients, and can contain a variety of pollutants. Slopes in
the Nagawicka Lake watershed range from less than one percent to greater than 20 percent. As shown on
Map 2.3, most areas within the Nagawicka Lake watershed are relatively level. Nevertheless, steeply
sloping land is found throughout the watershed, including areas close to the Lake.

Geology and Soils
Essentially all of Waukesha County was covered by glacial ice until approximately 15,000 years ago. Eastern
Waukesha County was overridden by glaciers flowing from the northeast out of the Lake Michigan Basin,
depositing sediment known as the Oak Creek Formation and the New Berlin Member of the Holy Hill
Formation. Glaciers overriding western Waukesha County followed Green Bay, Lake Winnebago, and other
lowlands, and entered Waukesha County from the northwest depositing sediments known as the Horicon
Member of the Holy Hill Formation The two lobes of glacial ice met and formed the prominent ridges of
the Kettle Interlobate Moraine (commonly referred to as the “Kettle Moraine”).

Glaciers entering Waukesha County transported vast quantities of unsorted sediment (diamicton) to the
area and deposited these sediments under and at the distal end of glacial ice. When glacial diamicton is
deposited directly by glacial ice, it is referred to as till. Till deposited under glacial ice is termed ground
moraine, while that deposited near the wasting end of a glacier forms a terminal moraine. Melting glaciers
release enormous volumes of water, and this water flows away from the glacier transporting and sorting
sediment. Sorted glacial sediment is commonly referred to as glaciofluvial sediment (outwash) when
deposited by flowing water or glaciolacustrine sediment (glacial lake deposits) when deposited in still water.
PRELIMINARY DRAFT
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The chaotic and rapidly changing environment near a melting glacial ice commonly creates complexly
interlayered assemblages of till and water-lain sediment. Ice blocks can separate from the main body of ice
and can be buried in these deposits. When the ice block melts, an irregular land surface marked by
conspicuous steep-walled depressions (“kettles”) results.

As is typical for most of large lakes of northwestern Waukesha County, Nagawicka Lake is formed within
the Kettle Interlobate Moraine, a region rich in permeable outwash. Nagawicka Lake is nearly completely
surrounded by sandy and gravelly outwash, which also forms the bed and banks of the Bark River.
Nagawicka Lake is a classic “kettle lake,” formed when a large mass of ice separated from the glacier, was
buried, and subsequently melted in place forming a steep-walled lake basin. The Lake’s extreme southwest
shoreline is different, being underlain by finer grained glacial till deposited near the contact between the
Lake Michigan and Green Bay Lobes.2At least portions of the Lake’s bed are directly underlain by glacial till.

The Bark River was situated at the edge of melting glacial ice and formerly carried tremendous quantities
of water and sediment. Fine grained sediment was carried away, leaving large deposits of sand and gravel.
The large and oftentimes steep walled valley in which the Bark River now flows is testimony to the volumes
of water formerly carried by this stream, and the glacial meltwater’s tremendous erosive power.

The Bark River roughly parallels the course of a prominent bedrock valley. The central portion of the valley
is underlain by dolomite of the Ordovician-age Sinnipee Group. Eastern portions of the watershed are at
the margins of the valley and are underlain by narrow bands of erosion-prone shale of the Ordovician-age
Maquoketa Formation. The bedrock uplands surrounding and punctuating the bedrock valley are capped
with erosion-resistant Silurian-age Niagara Dolomite. Niagara Dolomite underlies portions of the River’s
headwater area, and small areas near Merton, Hartland, and south of Lake Nagawicka.3 The Niagara
Dolomite is visible in many areas in Waukesha County, including the quarries at Waukesha, Sussex, and
Lannon. However, in most of the Lake’s watershed, bedrock is buried by 50 to 400 feet of unconsolidated
sediment (see Map 2.4). Bedrock is found at shallower depths in a small area southwest of the Lake, an area
outside of the bedrock valley where Niagara Dolomite is found within 25 to 50 feet of the land surface.

2For

more information on glacial geology, see: Clayton, Lee, Pleistocene Geology of Waukesha County, Wisconsin,
Wisconsin Geological and Natural History Survey Bulletin 99, 2001.

3Massie-Ferch,

K. M, and R. M. Peters, Preliminary Bedrock Geology of Waukesha County Wisconsin, Wisconsin,
Geological and Natural History Survey Open-File Report 2004-15B, 2004.
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Soils are the uppermost layers of terrestrial sediment, and are the result of weathering and biological
activity. The type of soil underlying the area depends on several factors, including landscape position and
slope, parent material, hydrology, and the types of plants and animals present. Permeable, coarse textured
soils of the Fox-Casco and Rodman-Casco Associations dominate the lower watershed, while soils of the
Hocheim-Theresa association dominates the Bark River’s headwater area in the Village of Richfield and
Town of Lisbon (see Map 2.5). Fox-Casco and Rodman-Casco soils are both formed in outwash deposits,
with Rodman-Casco soils generally having less topsoil, and being coarser grained and more droughty.
Hocheim-Theresa soils are generally well drained and have a subsoil consisting of clay loam and silty clay
loam, with parent materials being glacial till and loess (wind-deposited silt). Unlike many Southeastern
Wisconsin watersheds, the Bark River watershed has comparatively little poorly drained soil. Nearly all of
the poorly drained soil found in the watershed is found in depressions occupied by extinct lakes. Soils of
the Houghton-Palms-Adrian Association are found in these areas.4

Hydric soils are formed when soils are saturated for extended periods of time. Hydric soils are a commonly
an indicator of saturated conditions near the land surface, ponding, or extended flooding, and are
commonly associated with wetlands areas. About 12 percent of the Nagawicka Lake watershed is underlain
by soils exhibiting some hydric characteristics. Most hydric soils are found in the eastern half of the
headwater area of the Bark River, where expansive wetlands are found. The stretch of River between the
Village of Hartland and the Lake, the areas surrounding the north end of the Lake, and a modest-sized area
in the extreme southwestern corner of the watershed contain the bulk of the hydric soil area found
downstream of the Merton Millpond (see Map 2.6). Many hydric soil areas were likely drained for human
use or flooded to create open water areas during the past 180 years. Hydric soil areas are often sites of
physical and biological processes that protect and sustain a lake’s water quality and ecology, and therefore
warrant protection.

Vegetation
Under pre-settlement conditions, the vegetation of the Nagawicka Lake watershed was dominated by forest
in the northern headwater area. Aside from wetlands areas dominated by forbs and shrubs, the portion of
the watershed in Washington County and extreme northern Waukesha County was forested by a mix of
upland hardwoods including species such as sugar maple, basswood, various oaks, and, in the extreme
northern periphery of the watershed, beech. The balance of the watershed was covered by scattered oaks

4Steingraeber,

J. A. and Charles A. Reynolds, Soil Survey of Waukesha County, Wisconsin, United States Department of
Agriculture, 1971.
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and oak groves (see Map 2.7). The Lake Nagawicka watershed is somewhat unique in that it spans the
transition area between woodlands that extended to the Atlantic Ocean and prairies that extended to the
Rocky Mountains.

Much of the land in the watershed is well suited for agriculture (see Map 2.8). As such, much of the original
vegetation was cleared to make room for farming and to provide raw materials to support initial settlement.
Today’s vegetation has been manipulated to support human wants and needs. Although much land is
devoted to provide space for agriculture and residences, many area still have vegetation supporting wildlife
and other natural resource functions. Upland cover types are shown on Map 2.9. Wetlands, environmental
corridors, floodplains, and other undeveloped areas also can host vegetation supporting wildlife and natural
resource functions. These areas are discussed in subsequent sections of this chapter.

Water Resources
Nagawicka Lake has one named tributary – the Bark River. The Bark River is a third-order stream, receiving
flow from many small tributaries, wetlands, groundwater, and one modest-sized lake (Bark Lake in
Washington County).5 The outlet of Nagawicka Lake is also the Bark River. Therefore, Nagawicka Lake is
essentially a wide and deep portion of the Bark River. For the purpose of this report, the section of the Bark
River upstream of Nagawicka Lake will be addressed as the “Upper Bark River” while the section downstream
of the Lake will be called the “Lower Bark River”. Furthermore, the overall watershed was subdivided into 11
sub-basins to facilitate examination and contrast differences (see Map 2.10). This section provides
information regarding the hydrology, morphometry, general characteristics, and water resource
management issues related to the Nagawicka Lake watershed.

Nagawicka Lake
The most conspicuous and well known feature in the Nagawicka Lake watershed is the Lake itself. Nagawicka
Lake receives runoff from 28,656 acres, over 80 per cent of which is tributary to the upper Bark River. The
Lake is the ultimate discharge point for portions of ten municipalities, all of which are gradually transitioning
from rural to more urbanized land use, resulting in substantial changes to hydrology.

5Stream order refers to a stream classification concept developed by Arthur Strahler and Robert Horton during the 1940’s
and 1950’s. Headwater perennial tributaries are assigned a stream order of 1 and are labelled first order streams. When
two first order streams converge, a second order stream is formed, when two third order streams converge, a third order
stream is formed, and so on. When a lesser order stream converges with a higher order stream, the larger stream’s order
remains unchanged.
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Lake Origins
The basin in which Nagawicka Lake lies was formed when a large block of ice broke away from the
continental glacier, was buried by sediment, and subsequently melted (see “Geology and Soils” section
above for more information). The Lake is believed to have a similar genesis to other lakes found in the Kettle
Moraine (e.g., Pine, Okauchee, and North Lakes).

The lakes of Waukesha County were frequented by Native Americans for thousands of years before
European Settlement. In the Ojibwa language, “Nagawicka” translates to “there is sand” or “sandy”, attesting
to the sandy nature of the soils near the Lake. The first U.S. Public Land Survey was completed in the
Nagawicka Lake area during 1836. This survey shows that the entire shoreline around the northern half of
the Lake was fringed with broad wetlands (see Figure 2.1). A dam constructed across the Lake’s outlet raised
water levels in the Lake creating the Lake dimensions observed today.

Morphometry and Hydrology
Nagawicka Lake covers 1,010 acres and has a maximum water depth of 90 feet (see Map 2.11 and Table
2.2).6 Despite its 90 foot maximum depth, most of Nagawicka Lake is much shallower, with the mean depth
of the Lake being only 26 feet. According to the most recent available published bathymetric contours,7 the
Lake typically has a volume of about 26,000 acre-feet.8 A dam artificially controls water elevation, raising
the Lake’s water surface elevation by about seven feet.9 Operable gates and a millrace integral to the dam
allow the water surface elevation and the volume of water stored in the Lake to be manipulated (see the
following sections for more detailed information about Lake water levels and the outlet dam configuration).

The total area draining through the outlet dam is 29,666 acres, including 1,010 acres occupied by Nagawicka
Lake. Of the 28,656 acres draining to the Lake, 23,534 acres first drain to the Upper Bark River and its

6As

is common with lakes everywhere, the reported surface area and depth of the Lake varies. Surface area measurements
are somewhat subjective, especially when lakes are fringed with marshland and low areas. Water elevations commonly
fluctuate, and can greatly influence the size of lakes. Shoreland vegetation may change over time, making it appear as if
there have been changes in the shoreline. Lake bathymetric maps are commonly imprecise and old, and may not fully
reflect actual present-day water depths.

7Mapping

Specialists, Limited, Nagawicka Lake Enhanced Wall Map, 2002/2006.

8Lake bathymetry is often imprecisely mapped, and in many instances was collected decades ago with limited equipment.
Variation in bathymetric maps changes computed lake water volumes. Additionally, a variety of methods exist to estimate
lake water volume -- the formula selected for determining lake volume can influence the results. This report computes
lake volume by summing the horizontal volume of water lying between all available depth contours.
9Herbert

S. Garn, Dale M. Robertson, William J. Rose, Gerald L. Goddard, and Judy A. Horwatich., Water Quality, Hydrology,
and Response to Changes in Phosphorus Loading of Nagawicka Lake, a Calcareous Lake in Waukesha County, Wisconsin,
U. S. Geological Survey, Scientific Investigations Report 2005-5273, 2006, pubs.usgs.gov/sir/2006/5273/.
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tributaries, and then to the Lake. Even though the Bark River is by far the largest tributary to the Lake, 5,122
acres drain directly to the Lake via small, unnamed tributaries, intermittent streams, or by overland flow.

The U. S. Geological Survey (USGS) completed a water budget for Lake Nagawicka during 2003 and 2004.10
This study concludes that the Bark River contributes approximately three-quarters of Nagawicka Lake’s
water supply. The balance of Lake Nagawicka’s water supply is derived from precipitation falling directly
upon the Lake (12 per cent), groundwater entering the Lake (7 per cent), and the balance contributed by
small tributaries and surface runoff that directly enters the Lake. The contribution of direct tributaries to the
Lake varied between 6 and 9 per cent, with higher percentages contributed during years with more
abundant precipitation. The volume of groundwater contributed directly to the Lake may be low for reasons
discusses in the groundwater resources section below.

The water balance study also reported that most water leaves the Lake through the outlet dam. During wet
years, 90 per cent of the water leaving the Lake exits through the outlet dam. During dry years, evaporation
from the Lake’s open water area increases, decreasing the outlet dam’s outflow to 82 per cent of the water
exiting the Lake. The USGS report suggests that only 1 per cent of the water leaving the Lake infiltrates into
the Lake’s bed and shoreline in western portions of the Lake. The volume of water leaving the lake as
groundwater is based upon assumptions and has not been quantified. As mentioned in the previous
paragraph, the estimated volume may be low for the reasons discussed in Section XXX.

Several morphologic and hydrologic parameters are used to judge the potential impact human influence
can have on a lake. Such parameters are described below.

Watershed/Lake Area Ratio contrasts the size of a lake to its watershed. Lakes with higher ratios are
typically considered more vulnerable to human influence and prone to water quality problems. However,
the way the watershed is used can greatly influence the amount of pollutants carried to the Lake. As a rule
of thumb, lakes with a Watershed/Lake Ratio greater than 10:1 often experience some water quality issues.
Nagawicka Lake’s Watershed/Lake Area Ratio is approximately 28, while the typical Wisconsin inland lake
has a Watershed/Lake Area Ratio of 7.11 This finding suggests that the Lake is highly vulnerable to human
influence and land use.

10Ibid.
11Lillie,

Richard A and John W. Mason, Limnological Characteristics of Wisconsin Lakes, Wisconsin Department of Natural
Resources Bulletin Number 138, 1983
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Retention Time refers to the average length of time needed to replace the lake’s entire water volume.12 In
general, lakes with larger watershed/Lake area ratios have shorter retention times. Retention time is
significant because it can help determine how quickly pollution problems can be resolved. For example, if
retention times are short, pollutants are flushed out of a lake fairly quickly. In such cases, management
efforts can likely focus on pollutant and nutrient loads contributed to the lake from the watershed. In
contrast, lakes with long retention times tend to accumulate nutrients and pollutants. These can eventually
become concentrated in bottom sediments. In this case, in addition to preventing external pollution, it also
may be necessary to employ in-lake water quality management efforts. Nagawicka Lake’s average retention
time of about 10 months is comparable to that for a typical Wisconsin inland lake, which has a retention
time of about 11 months. Average retention time is based upon typical weather conditions. During long
periods of atypically dry or wet weather, the amount of water evaporating from a lake and contributed by
precipitation changes from the average condition, influencing retention time. The available data suggests
that extended hot, dry weather periods could lengthen retention time to 20 months. Conversely, long
periods of cool, wet weather could shorten retention time to about 9 months.

Shoreline Development Factor compares the length of a lake’s shoreline to the perimeter of a perfect
circle of identical area. Higher values result when lakes exhibit irregular shapes including such features as
bays and peninsulas. Lakes with high Shoreline Development Factors are commonly more biologically
productive and have larger proportions of shallow zones conducive to aquatic plant growth which may
impede navigation. Such lakes are also more prone to greater numbers of lots per surface area of lake.
Nagawicka Lake has a natural Shoreline Development Factor of about 2.0, increasing to about 2.9 if artificial
channels are considered.

Lake depth significantly effects the water quality and biology of lakes. Deep lakes tend to stratify, a
condition that inhibits mixing of the lake’s entire water volume during summer and to a lesser degree during
winter. Deep, cold lakes can host fish species that shallow lakes are incapable of supporting. However,
stratification can foster anoxic water at depth and geochemical reactions that release nutrients to the water
column and degrade water quality. Nagawicka Lake is one of the deepest lakes in Southeastern Wisconsin
and it regularly stratifies, making it vulnerable to anoxic water conditions. The ramifications of this

12

The terms “flushing rate” and “hydraulic residence time” are also commonly used to describe the amount of time runoff
takes to replace one lake volume. Flushing rate is the mathematic reciprocal of retention time, while hydraulic residence
time is the same value as retention time. Therefore, while residence and retention time are expressed in years and have
units of time, flushing rate is typically expressed as the number of times lake water is completely replaced by runoff in one
year, and is therefore a rate (units/time).
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phenomenon are explored in the Water Quality and Fish and Wildlife sections below. Figure 2.2 contrasts
lake depth with volume. It can be used to ascertain the volume of water contained within certain depth
range. The area of the Lake underlain by water of various depths is graphed in Figure 2.3. This chart can be
used in a similar fashion to the water depth/volume graphic, allowing one to determine the surface area of
the Lake underlain by water of a certain depth range.

Nagawicka Lake’s high Watershed/Lake Area Ratio appears to be discordant with its average Residence
Time value. This can be explained by less water contributed per acre of watershed compared to typical
Wisconsin Lakes. This is likely related to the relatively small area contributing groundwater to the Lake,
portions of the Bark River which lose water to Pewaukee Lake, and human export of groundwater from the
watershed. These factors are explained more fully in the sections below.

Water Surface Elevation
The volume of water entering and leaving the Lake varies depending upon changes in precipitation,
evaporation, and the desire of humans. The original purpose of the Lake outlet dam was to store water for
a commercial milling operation. The Lake outlet dam is no longer used for power production but continues
to be used to artificially elevate and manipulate the water surface of Nagawicka Lake. The artificially raised
water levels inundate much of the Lake’s wetland fringe, make the northern kettle portion of the Lake more
easily accessible to the main Lake basin, and expand the Lake’s open water surface area.

Lake residents and users desire a predictable water elevation. In response to this desire, the Wisconsin
Department of Natural Resources ruled that the Lake’s water elevation should be maintained between
889.17 and 889.67 feet above NGVD 29. High runoff periods (e.g., caused by snowmelt and/or heavy rainfall)
can cause Lake elevations to rise, while prolonged periods of dry weather can cause Lake levels to fall.
Manipulating the outlet dam’s gates helps increase or decrease the amount of water leaving the Lake, and
can therefore influence water levels and help keep the Lake’s water surface elevation within the stipulated
range. At times, it can be desirable to anticipate oncoming weather conditions to help maintain Lake
elevations within the desired range. For example, some dam operators hold water levels at the higher end
of their operating range before times of the year when weather is commonly hot and dry in anticipation of
falling lake levels and create additional storage capacity in late winter in anticipation of heavy spring runoff.
Additionally, many Wisconsin lakes purposely lower water surface elevations during winter to help protect
shoreline infrastructure and landscaping from ice damage.
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The City of Delafield has monitored and recorded the Lake’s water elevation since 2005 (see Figure 2.4).
Extreme runoff events have caused the Lake’s surface elevation to increase by over a foot, but such increases
are transient and rapidly dissipate. Before 2010, water levels were drawn down about six inches during
winter. Since 2010 water levels have been essentially static, varying very little except for short-term runoff
events or brief drawdowns. This reflects changes made as part of a modified water level order issued by the
WDNR in October 2010. The new order did not change the Lake’s stipulated water elevation range, but did
relax the need to reduce water levels to the low end of the operating range between October 15 and March
15 of each year.13 Since 2010, the Lake’s water level has been consistently held at the maximum permissible
level except for brief periods.

Lake Nagawicka Outlet Dam
Today’s dam is not the original dam constructed to power a grist mill during initial European settlement.
According to State records, the current dam was built in 1937 and has been repaired and retrofitted several
times. The existing dam is fitted with two tainter gates and a center variable crest weir (see Figure 2.5). The
gates occupy a total of about 35 feet in length and are rated to pass over 1,100 cubic feet per second. The
dam’s total crest length is 140 feet. The dam impounds approximately 7,000 acre-feet of water at normal
Lake stage. Even though the dam is no longer used to produce power, the gates are actively used to try to
stabilize the Lake’s water surface elevation between 889.17 and 889.67 feet above NGVD 29.14 For regulatory
purposes, the dam is considered a large dam with a low hazard rating.15 This rating requires the dam to
pass a 10-year recurrence interval (10-percent-annual-probablity of occurrence) flood through its primary
spillway, and a 100-year recurrence interval (1-percent-annual-probability of occurrence) flood through all
spillways. The low hazard assignment also requires that the dam be inspected at 10-year intervals.

As opposed to a simple weir that passes more water as lake elevation increases, the Lake Nagawicka outlet
dam primary spillway uses moveable gates that open from the bottom. Instead of most water passing over
the top of the dam, the tainter gates draw water from up to several feet under the Lake’s water surface.
Large increases in outlet flow to compensate for heavy precipitation and runoff must be controlled by
altering the dam’s gate positions. Similarly, to maintain Lake level during extended periods of dry weather,

13Wisconsin

Department of Natural Resources, Application of City of Delafield for a modification to the water level order
setting levels or flows on Nagawicka Lake, City of Delafield, Waukesha County, IP-SE-2010-68-01851, October 13, 2010.
14Wisconsin

Department of Natural Resources, Dam Report – Lake Nagawicka Dam, 2018.

15Wisconsin

Department of Natural Resources, Dam Report – Merton Dam, 2018.

PRELIMINARY DRAFT
This draft does not address comments that will be provided by the Lake Welfare Committee and by the
Wisconsin Department of Natural Resources following their reviews of the draft.

19

the gates must be closed to a greater degree. As such, water discharge rates are affected by both gate
position and water level in the Lake

Streams
A complex network of streams contribute water to Nagawicka Lake. These streams range in size from the
Bark River to ephemeral streams that only contain water during periods of heavy precipitation or snowmelt.
This section examines the hydrology and morphology of streams contributing water to Nagawicka Lake,
and is subdivided into a section discussing the Bark River and its tributaries, and another discussing streams
in the area that drains directly to Nagawicka Lake.

Bark River and Its Tributaries
Morphology and Hydrology
The Bark River watershed upstream of Nagawicka Lake (the Upper Bark River) covers 23,534 acres, and
comprises 82 percent of the area draining to Nagawicka Lake. The Bark River is a third order stream when
it enters the Lake. The third order reach extends just upstream of the Village of Hartland. The Bark River’s
second order reach extends upstream beyond Bark Lake, essentially to its headwaters. The Bark River only
has one named tributary – Meadow Creek -- which joins the Bark River a short distance downstream of Bark
Lake. The portion of the Upper Bark River watershed downstream of the dam in the Village of Merton was
studied in more detail under this plan. Therefore, to foster more detailed analysis, the area between the
Merton dam and the Lake was subdivided into five sub-basins (see Map 2.10, Table 2.3).

The USGS operates a stream gaging station on the Bark River near Nagawicka Road. Data has been collected
at this location since late 2002. The average daily flow at the gaging station is plotted versus time in Figure
2.6. Based upon the roughly 16 years of record, the typical average daily flow entering the Lake is 25.4 cubic
feet per second. Flow varies considerably. Nevertheless, the River’s flow at this location is between 10.5 and
62.6 cubic feet per second 90 percent of the time. Stream gaging data was also used to calculate the overall
annual water yield from the upstream area, a value that incorporates all water sources contributing to the
River’s flow (i.e., surface runoff, groundwater, precipitation, and human contributions) less factors that
reduce

the

River’s

flow

(i.e.,

evaporation,

water

use

by

plants,

human

groundwater

extraction/consumption/export, natural groundwater losses). This effort reveals that the Bark River
watershed upstream of the Lake yields 6.8 inches of during extremely dry periods, 11.1 inches per year
during average weather conditions, and 14.6 inches per year during extended wet weather periods.
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The WDNR’s online Presto-Lite tool can be used to estimate typical stream flows (see Table 2.4). Even
though it has limitations, the Presto-Lite tool provides a way to estimate the relative volume of water
draining from the various sub-basins. Compared to USGS gaging station data, the Presto-Lite tool appears
to underestimate peak and median overall watershed flows, but overestimates overall watershed dry
weather flow. This may be due to human influence in the watershed, specifically the presence of
impermeable surfaces and older stormwater infrastructure not accounted for by the Presto-Lite tool.
Impermeable surfaces are commonly related to higher-density land use, such as urbanized areas (see “Land
Use” section for more information). The Village of Hartland is one of the most urbanized areas of the
watershed. Pre-1990 stormwater infrastructure tends to rapidly remove runoff from the landscape and
deliver it immediately without modulation to receiving water bodies. Stormwater infrastructure built before
approximately 1990 is anticipated to yield more runoff volume over shorter periods of time, and tends to
yield little water during dry weather. The Village of Hartland has the largest areas in the watershed that are
drained by storm sewer networks constructed before 1990. The stormwater inventory is discussed in more
detail in the “Priority Sources/Lake and Stream Inventory” of Section 2.3 below.

In addition to human manipulation of the landscape, other factors can influence runoff tools such as PrestoLite. The Presto-Lite tool cannot account for many natural watershed-specific conditions. For example,
groundwater conditions could affect estimated flow volumes. In the case of the Bark River, the portion of
the Bark River within the Village of Hartland is believed to lose water through its bed to the groundwater
flow system feeding Coco Creek and Pewaukee Lake. This would tend to cause Presto-Lite to predict higher
dry weather flow than actually measured. The Presto-Lite estimates may be more accurate for the less
developed portions of the Upper Bark River watershed (e.g., sub-basins 1, 3, and 6, see Figure 2.13). Since
the entire watershed is rapidly urbanizing, Presto-Lite runoff estimates may be less accurate when
considering future management implications.

Typically, river channel gradients gradually decrease from headwater areas to a river’s mouth. That is,
headwater reaches are often the steepest stream reaches, with channel gradients progressively decreasing
as one moves farther downstream. The Upper Bark River does not follow this paradigm. Instead, its
headwaters are dominated by low gradient reaches that cross broad riparian wetlands and marshlands,
while the steepest gradient reaches are located a modest distance upstream of its mouth. To illustrate this
fact, the River falls less than five feet between its most distant mapped headwater area upstream of Bark
Lake and the Washington/Waukesha County line, a channel distance of about 12 miles. The Bark River’s
main stem has a fairly consistent slope of less than 2.5 feet per mile (a slope of slightly less than 0.05
percent). The River’s gradient remains gentle from the Washington-Waukesha county line to the Merton
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millpond, with a gradient of approximately 3.4 feet per mile, which is only slightly steeper than the
headwater area. From the Village of Merton to Nagawicka Lake, the River drops 55 feet, an overall gradient
of slightly more 15 feet per mile.

The portions of the Bark River downstream of Merton are punctuated with several high gradient reaches
(see Figure 2.7). A particularly noteworthy stretch is the Nixon Park area in Hartland, where the River declines
approximately 15 feet in less than a half mile, creating a gradient of slightly more than 35 feet per mile. This
high gradient stretch was the location of the former Hartland Mill, and is likely a naturally occurring
phenomenon. Below the Nixon Park area, the River crosses a low gradient stretch where it is again flanked
by riparian wetland. This wetland area has some of the deepest water depths on the River below Merton,
and likely has substantial habitat value.

Very little soft sediment is present in the Bark River below the Merton millpond. The stream is dominated
by granular sediment, a feature consistent with its steep gradient. The appearance of a typical reach of the
River below the Merton Millpond is illustrated in Figure 2.8.

Upper Bark River Dams
Dams were commonly built on perennial streams during the early phases of European settlement to provide
power for sawmills, grain and feed milling, textile manufacturing, and various industrial enterprises (e.g.,
nail production, compressing air, shoe manufacturing, etc.). There is a dam on the Bark River upstream of
Nagawicka Lake near Merton and there was formerly a dam on the River at Hartland. Each is described
below.

Merton Dam
The Merton Dam was first constructed in 1847. The dam powered a sawmill and later a grist mill.16 According
to WDNR records, the present dam was constructed in 1967. The dam creates about six feet of head and is
over 700 feet long. The dam is fitted with a tainter gate and is rated to pass over 500 cubic feet per second.
Pictures of the dam are included in Figure 2.9. The gates are used to manipulate water level in the millpond,
which should be maintained between 947.92 and 948.22 feet above NGVD-29. For regulatory purposes, the
dam is considered a large dam with a significant hazard rating.17 This influences spillway conveyance sizing
under Chapter 333, “Dam Design and Construction,” of the Wisconsin Administrative Code. A significant

16Western

Historical Company, The History of Waukesha County, Wisconsin, 1880.

17Wisconsin

Department of Natural Resources, Dam Report – Merton Dam, 2018.
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hazard dam must pass a 50-year recurrence interval (2.percent-annual-probability) flood through its primary
spillway, and a 500-year recurrence interval (0.2.percent-annual-probability) flood through all spillways. The
significant hazard assignment also requires that the dam be more frequently inspected.

Hartland Dam
A grist mill was constructed during 1848 just upstream of East Capitol Drive, known at that time as
Milwaukee Road (see Figure 2.10). The mill race extended from the reservoir to a mill just north of the
railroad. A four and one-half story mill building was erected, and the area was commonly referred to as
Hersheyville, after Christian Hershey, the mill owner.18 The dam and mill buildings no longer exist, but the
former mill and dam site can be recognized by the high gradient stream reach near Nixon Park.

Lake-Direct Drainage Watersheds
Although the Bark River is by far the largest tributary to Nagawicka Lake, 5,122 acres drain directly to the
Lake. Only one mapped streams drains this area, entering the Lake from the southwest. The remainder of
the lake-direct watershed drains through a diffuse network of ephemeral natural watercourses, storm drains,
and general overland flow. To allow for more detailed examination, the Lake-direct drainage area was
subdivided into four sub-basins (see Map 2.10). Characteristics of these sub-basins are summarized in Table
2.3.

Aside from sub-basin 9, which extends southwest of the Lake and into the undeveloped areas south of IH
94, the Lake-direct watersheds are highly urbanized, with most areas developed before 1990 (see “Historic
Urban Growth” and “Land Use” sections below). Sub-basin 9 is by a wide margin the least developed portion
of the watershed feeding Nagawicka Lake (see Figure 2.11)). In contrast, sub-basin 10, which includes
portions of downtown Delafield, is the most urbanized area contributing flow to Nagawicka Lake. Even
though the Lake’s shoreline area has been essentially fully developed for many decades, the sub-basin areas
inland from the lakeshore continue to urbanize in all Lake-direct drainage sub-basins (see Figure 2.11). In
general, the percentage of land in the Lake-direct drainage area more than doubled between 1963 and
2010. Some sub-basins have met or are approaching full build out.

The USGS evaluated the hydrology of the areas draining directly to Nagawicka Lake.19 The USGS divided
the Lake-direct drainage area into three sub-basins instead of five as was done for this study. SEWRPC sub-

18Hartland
19Garn,

Historical Society, A brief history of the Village of Hartland, Wisconsin, undated.

op. cit.
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basins 8 and 9 at the south end of the Lake closely correspond with USGS subwatersheds 1 and 2,
respectively. The USGS measured flow from these subwatersheds as part of their study. SEWRPC’s subbasins 7, 10, and 11 cover essentially the same area as USGS subwatershed 3. Given the diffuse runoff from
this area, the USGS could not measure flow from this area, and instead estimated flow using a model and
they assumed the watershed conditions were similar to sub-basin 8.

USGS data demonstrates that the highly urbanized nature of sub-basins 7, 8, 10, and 11 leads to a situation
where most of the water volume draining from these areas occurs during short, intense, runoff events. These
flows rapidly subside, and the drainageways remain dry during most of the year. Short, intense runoff events
are commonly related to impermeable surfaces and older engineered stormwater conveyance
infrastructure, and such events increase streams’ abilities to erode their beds and banks and deliver
sediment and pollutants to receiving waterbodies. Post-1990 development generally includes features to
detain water, allowing for peak flows to be reduced. Many stormwater detention features are present in the
more recently developed portions of sub-basins 8 and 10 (see “Pollution Mitigation Strategies” in Section
2.3 below for more details).

The USGS study estimated the amount of water entering the Lake from the Bark River and Lake-direct
tributary areas. Based upon the results of the two-year study, approximately 90 percent of the surface water
runoff draining into Nagawicka Lake entered via the Bark River. The remaining 10 per cent drained from the
Lake-direct drainage area. Sub-basin 8, which includes the commercial area at the intersection of IH 94 and
STH 83 contributed about 1.1 per cent of the surface-water runoff entering the Lake. Sub-basin 9, which
drains the relatively undeveloped southwest corner of the Lake’s watershed, contributed 3.2 percent. The
remaining Lake-direct drainage area (sub-basins 7, 10, and 11) contributed 4.9 per cent of the surface water
entering Nagawicka Lake. Applying these percentages to the 13 years of runoff data available for the Bark
River allows the range of flows contributed by the sub-basins to be estimated (see Table 2.4a).

The volume of water contributed by each sub-basin can be used to compare a watershed’s total water yield
per acre. Water yield includes net surface runoff, groundwater discharge to water bodies, and artificial
contributions less water lost from the stream to groundwater, evaporation, plants, and human water supply
needs. Even though urban streams are often very flashy, with high flows during runoff events, and low flows
during fair and dry weather, urbanized areas typically yield more water. This counterintuitive situation is
largely related to decreased infiltration, and associated with this, decreased water uptake by plants and
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reduced groundwater recharge. Table 2.4b sets forth the Upper Bark River’s overall watershed yield from
the Lake-direct drainage sub-basins.

The highly urbanized Lake-direct sub-basins surprisingly yield less water per acre than the moderately
urbanized Upper Bark River watershed. Sub-basin 9, which represents the least urbanized portion of the
entire Nagawicka Lake watershed, still contributes less water per acre than the Upper Bark River Watershed.
The low water yield of the Lake-direct sub-basins may be related to a variety of factors. For example, large
portions of the Lake-direct drainage sub-basins do not contribute water to the groundwater flow system
feeding the Lake, reducing overall water yield.

Other Surface-Water Features

Although Nagawicka Lake, the Upper Bark River, and streams tributary to the Lake and River were
the primary focus of this study, other significant water resource features exist in the Nagawicka
Lake watershed. These features include lakes, ponds, wetlands, and floodplains. Such features can
detain stormwater runoff and enhance water quality. More information about these features is
presented in this section.

Natural lakes and ponds are found throughout the Nagawicka Lake watershed. Five named natural
lakes are present near the headwater area of the Bark River. In addition to natural lakes, dozens
of artificial ponds dot the Lake’s watershed. These artificial ponds were either built to provide an
aesthetically pleasing feature or foster wildlife, or are the result of other activities such as gravel
mining. Table 2.4c summarizes the characteristics of prominent lakes and ponds in the Lake’s
watershed.

Wetlands are by far most prevalent in the low gradient headwater reaches of the Upper Bark River. Wetlands
are commonly found along waterbodies in locations that periodically flood. The definition of what legally
constitutes a wetland or floodplain is a regulatory matter, and is discussed in more detail in the
“Jurisdictional Roles and Responsibilities” section of this report

Groundwater
General Principles and Importance
Groundwater includes water that has percolated into the earth and has reached areas of saturation below
the Earth’s surface. In Southeastern Wisconsin, essentially all groundwater is stored and moves in the natural
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pore spaces and fractures found in unconsolidated sediment and bedrock. Sediment and rock units with
significant porosity or fracturing are able to supply useable amounts of water over prolonged periods, and
are referred to as “aquifers.” Three aquifers underlie the Nagawicka Lake watershed, as summarized below
in order of increasing depth from the land surface.

 Sand and gravel aquifer. This aquifer is primarily found in porous, coarse-grained sand and gravel
deposited by glacial action. Much of the water feeding this aquifer infiltrates the land surface in the
local area. It thickness and properties vary widely, but it is an important water supply under many
portions of Waukesha County. It is commonly highly vulnerable to contamination and over
exploitation. Water quality and quantity can be significantly influenced by local land use change. The
sand and gravel aquifer is commonly in good hydraulic communication with the underlying Niagara
dolomite aquifer.

 Niagara dolomite aquifer. Water in this aquifer is stored and moves primarily in fractures. Much of
the water found in this aquifer is derived from local stormwater infiltration. The water-bearing
characteristics and thickness of this aquifer vary widely. Although it is absent in portions of the
watershed, when present, it is an important water supply aquifer. When located under a relatively
thick layer of unconsolidated sediment, it is somewhat less vulnerable to contamination and
overexploitation.

 Sandstone aquifer. The sandstone aquifer is commonly deeply buried and is found at depths well
below the sand and gravel and Niagara dolomite aquifers. Water is stored and moves through
fractures and the rock’s innate porosity. This aquifer is very thick, but the water bearing characteristics
vary widely with depth. A layer of low permeability Maquoketa shale which overlies the sandstone
aquifer extends over the entire Nagawicka Lake watershed, thus, water recharging the sandstone
aquifer infiltrates through the shallow sand and gravel and dolomite aquifer to the west of the
Nagawicka Lake watershed. Therefore, the sandstone aquifer is less vulnerable to local pollution
sources in the watershed. The sandstone aquifer is an important public and industrial water supply,
but because of the cost of establishing deep wells, is not commonly used for residential water
supplies in the immediate area.

Groundwater is not visible to casual observation except where it discharges to surface water (e.g., springs
and seeps). Water that is held in the soil column can either return to the surface via evapotranspiration of
may move to groundwater if soil moisture increases through additional percolation from the surface.
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All residential, municipal, and industrial water supplies in the Nagawicka Lake watershed depend upon
groundwater, making it a natural resource critical to human habitation. In general, groundwater supplies in
the Region are adequate to support growing population, agriculture, commerce, and viable and diverse
industry. However, overexploitation and attendant water shortages could occur in areas of concentrated
development, nonconductive geology, and/or intensive water demand. The amount, recharge, movement,
and discharge of groundwater are controlled by several factors including precipitation, topography, soil
permeability and structure, land use, and the lithology and water-bearing properties of rock units. The
continued growth of population and industry while maintaining the vitality of valuable natural resource
elements necessitates wise development and management of the watershed’s groundwater resources.

In addition to supplying human needs, groundwater sustains water levels and flow in lakes, wetlands, and
perennial streams during dry weather. Groundwater also modulates flood flows by detaining water during
wet weather. Water that reaches surface waterbodies via groundwater is commonly referred to as
“baseflow”. Baseflow can either directly enter large waterbodies, or it can enter small streams, ponds, and
seeps tributary to larger waterbodies.

Baseflow sustains dry-weather Lake elevation and the flow of the Bark River and other tributary streams.
Groundwater typically contains little to no sediment or phosphorus, has a more stable temperature regimen,
and commonly contains a lower overall pollutant load when compared to surface water runoff – all of which
are favorable to aquatic life and the ecology of waterbodies. Groundwater-derived baseflow sustains many
wetlands and creeks during drier periods, enabling these waterbodies to maintain a diverse assemblage of
plants and animals and to provide unique ecological functions. Consequently, it is important to maintain
baseflow to local aquifers that supply Nagawicka Lake and the streams and wetlands that drain to the Lake.

Groundwater is replenished by precipitation that soaks into the ground and enters aquifers, often referred
to as “groundwater recharge”. Groundwater recharge is highly dependent upon surface topography, runoff
patterns, soil characteristics, precipitation patterns, vegetation, and the permeability of the land surface. For
example, a flat area with no impervious cover and highly permeable soils likely has high or very high
groundwater recharge potential, whereas a hilly area underlain with low permeability (e.g., clay) soils and
drained by storm sewers would be classified as low potential. Evaluating groundwater recharge potential
helps identify areas most important to sustainable groundwater supplies. The Commission evaluated
groundwater recharge potential for all of Southeastern Wisconsin. Such data can help planners decide which
areas should not be covered with impervious surfaces in the surface and/or where infiltration basins would
be most effective.
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In most instances, the elevation of the water surface of the shallowest water-bearing unit (commonly
referred to as the “water table” in the Region) is a subdued reflection of surface topography. Topographically
higher areas are commonly recharge areas, while lakes, wetlands, and streams are commonly groundwater
discharge areas. Groundwater recharge/discharge systems occur on many spatial scales: long regional
recharge/discharge relationships and short localized flow paths, both of which can be important
contributors to a water body’s overall water budget. While localized groundwater flow systems are
commonly confined within a lake’s surface watershed, regional groundwater flow paths may trace directions
and distances out of phase with surface water feeding a lake. Therefore, some groundwater feeding a lake
may originate in areas distant from the lake and/or outside the lake’s surface watershed boundary. The
relationship between short- and long-distance flow paths is illustrated in Figure 2.12.

Smaller-scale local groundwater flow paths commonly approximate surface water flow paths. However, to
estimate the direction of more regionally extensive flow systems, groundwater elevation contours derived
from measurements collected in water supply or monitoring wells need to be consulted. Since water
normally moves perpendicular to elevation contours, groundwater flow directions can be predicted. When
performing such analysis, it is necessary to consider the locations and elevations of streams, ponds, and
lakes. This relationship can be used to predict if a surface water body is fed by groundwater, recharges
groundwater, or has little interaction with groundwater. By combining these data, maps can be prepared
identifying those land areas that likely contribute recharge and are, therefore, sources of baseflow to a
surface water feature and those areas that convey groundwater directly to a lake.

As illustrated in Figure 2.13, groundwater and surface water systems are connected. Water sources include:

 Precipitation falling directly upon a water body. While this can be a significant water source to
expansive features such as lakes and wetlands, it typically is not a significant contributor to a stream
or river’s total water budget

 Surface runoff (or overland flow) that travels over the land surface to a waterbody. Surface runoff is
the primary source of wet-weather flow to most watersheds.

 Hyporheic flow (stream flow occurring in stream bed materials paralleling the general direction of
stream flow). This is only important in streams and rivers. Hyporheic flow commonly persists even
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when visible stream flow ceases. Hyporheic flow initiates and sustains a large number of important
geochemical and biological processes that support stream health.

 Groundwater is the primary source of water to most waterbodies during dry weather. In some
instances, waterbodies lose water to the groundwater flow system.

Surface runoff and interflow are important during storm events, and their contributions typically are
combined into a single term called the direct runoff component of streamflow. Groundwater, on the other
hand, is most important for sustaining waterbodies during periods between storms and during dry times of
the year and is often a substantial component of the total annual flow through a waterbody.

As shown in Figure 2.13, a waterbody gains water when groundwater is discharged into the waterbody
through its bed and bank sediment in locations where water table elevations are higher than the waterbody
surface elevation (see Figure 2.13A). Conversely, a waterbody loses water wherever the elevation of the
water table is lower than the waterbody’s elevation. In such instances, water seeps into the underlying
groundwater system (see Figure 2.13B). Stream reaches that receive groundwater discharge are called
gaining reaches and those that lose water to the underlying aquifer are called losing reaches.

The rate at which water flows between a stream and its adjoining aquifer depends on the hydraulic gradient
between the two waterbodies and also on the hydraulic conductivity of geologic materials that may be
located at the groundwater/surface-water interface. A clay-lined streambed, for example, will tend to reduce
the rate of flow between a stream and aquifer compared to a sandy or gravelly streambed. Figure 2.13C
illustrates the effects of gaining and losing conditions on streamflow during a period of no direct surface
water runoff to a river. The graph shows that the rate of streamflow increases along gaining reaches and
decreases along losing reaches. The graph also demonstrates that a stream can have both gaining and
losing reaches simultaneously.

Since precipitation rates, evapotranspiration, water table elevations, and human-induced hydrologic
stressors vary with time, a particular stream reach can switch from a gaining to a losing condition or from a
losing to a gaining condition from one period of time to the next. Losing reaches can occur under conditions
in which the underlying sediments are fully saturated, as shown in Figure 2.14B, or when the sediments are
unsaturated, as shown in Figure 2.14A. In the case of the former, flow out of the stream into the underlying
aquifer is dictated by elevation—water simply moves from a higher to a lower elevation; in the case of the
latter, flow out of the stream is the result of concentration—water simply moves from an area of high
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concentration (the stream) to an area of low water concentration (the unsaturated soil beneath the
streambed). A losing stream reach that is underlain by an unsaturated zone is said to be disconnected from
the underlying aquifer. Some stream reaches are ephemeral (that is, they periodically become dry), and, as
a consequence, flows between the stream and underlying aquifer may periodically cease (see Figure 2.15B).

Groundwater is a dynamic resource. Water discharging to water bodies is replaced with water infiltrating in
recharge areas. By combining data regarding recharge potential, groundwater flow direction, and the
elevation of water bodies, a broad understanding of the interconnected nature of surface water and
groundwater can be surmised. Maps can be prepared identifying land areas that likely contribute recharge
and are, therefore, sources of baseflow to a waterbody; areas that convey groundwater to the waterbody;
and whether a waterbody gains or loses water to the groundwater flow system. This helps managers plan
where work should be focused to maintain or enhance the landscape’s ability to provide groundwater
recharge or where features purposely designed to detain and infiltrate stormwater are most desirable.

Human Influence
Development’s Effects on Groundwater
Land use can profoundly alter the ability for an area to absorb water and contribute to groundwater
recharge. Urban development decreases groundwater recharge potential. Most developed areas within the
Nagawicka Lake watershed route stormwater runoff directly to surface waters discouraging groundwater
recharge. Despite the requirements of Chapter NR 151, “Runoff Management,” of the Wisconsin
Administrative Code calling for infiltration of runoff from new developments, where practicable, such
developments still have the cumulative effect of reducing recharge somewhat compared to predevelopment conditions. In addition to reducing groundwater recharge, urban development places
additional demand on groundwater supplies as water is extracted for various uses. Removing water from
natural groundwater flowpaths reduces groundwater elevations and natural groundwater discharge to
surface waterbodies.

Wells developed in the shallow aquifers often provide sufficient yield, but can negatively impact nearby
surface water resources, and are generally more vulnerable to contamination than deeper bedrock wells.
Communities tapping the shallow aquifer also face choices between using individual low-capacity
household wells or developing a municipal water system with homeowners connecting to high-capacity
municipal wells. In some cases, these communities have an overall negative groundwater balance because
wastewater treatment plant effluent leaves the community via discharge to surface water. In cases where
development of high capacity wells in the shallow aquifer could negatively affect surface water resources,
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the SEWRPC regional water supply plan recommends conducting studies to evaluate the potential negative
effects. 20 It calls for installing enhanced rainfall infiltration systems in areas where those studies indicate a
potential significant reduction in baseflow to surface waters.
Waterbody Depletion

Although groundwater generally provides a safe and reliable source of potable water, groundwater
extraction can seriously and adversely affect desirable habitat. One of the most visible effects is reduced
dry-weather flow and water levels in hydraulically connected lakes and streams — a process called
depletion. Depletion stems from reduced discharge to springs and seeps feeding these waterbodies and
has the potential to impact lakes, ponds, streams, rivers, and wetlands. The complex interconnection and
interaction between surface and groundwater makes managing depletion challenging, particularly because
significant delays may occur between the time when extraction begins and when the effects of that
extraction are visible in affected waterbodies. Other complicating factors may confound analysis and
influence the timing, rate, and location of depletion. Nonetheless, managers should keep in mind several
important factors when studying the relationship between surface water features and groundwater
pumping, including the following:

• Individual wells may not produce noticeable change, but concentrations of small wells or unfavorable
aquifer properties can combine to significantly decrease groundwater discharge to surface-water
features. Decreased discharge may focus on certain waterbodies, or may be pervasive throughout
the area.

• Basin-wide groundwater development typically occurs over a period of several decades and the
resulting cumulative effects on depletion may not be fully recognizable for decades.

• Depletion may persist for extended periods of time after groundwater withdrawal ends. Aquifers take
time to recover from long-term extraction stress. In some aquifers, maximum depletion may occur
long after pumping stops, and full recovery of the groundwater system may take decades to
centuries.

• Depletion can affect water quality in surface-water features and/or the aquifer. For example, in many
streams, groundwater discharge improves year-round habitat for fish and other aquatic organisms

20SEWRPC

Planning Report No. 52, A Regional Water Supply Plan for Southeastern Wisconsin, December 2010.
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by moderating seasonal temperature fluctuations, thereby cooling stream temperatures in the
summer and warming stream temperatures in the winter. Reduced groundwater discharge can
degrade these moderating influences.

• The major factors that affect depletion timing are the distance from the well to the stream and the
properties and geologic structure of the aquifer.

Sustainable groundwater exploitation does not solely depend on the rates at which groundwater systems
are naturally replenished (recharged). Instead, sustainable pumping rates must consider myriad factors
including aquifer properties, groundwater elevations, other surface-water features, the biologically
acceptable minimum stream flows, and the wishes of the general public and regulatory agencies. These
considerations underscore the need to employ an interdisciplinary approach that concomitantly considers
both surface water features and groundwater supplies.

In the deep aquifer, water levels have declined hundreds of feet since the 1800s, as shown in Figure 2.15A.
In much of the Region, including the Bark River watershed, water movement from the shallow sand and
gravel and dolomite aquifer into the deep sandstone aquifer is limited by the Maquoketa shale, which forms
a relatively impermeable barrier between the two aquifers. As a result, the rates of groundwater recharge
to the deep aquifer are much less than the rates that water is being extracted by pumping. The drawdowns
of the deep aquifer are indicative of a water budget deficit and are the combined result of pumping primarily
in Southeastern Wisconsin and Northeastern Illinois. In contrast, drawdowns in the shallow aquifer
throughout the Region are much smaller (see Figure 2.15B) despite the fact that nearly twice the amount of
water is being extracted from it compared to the deep aquifer. The reason for the lower drawdowns is that
the shallow aquifer is unconfined in most places. It receives direct recharge from precipitation and is also
linked directly to surface waterbodies as illustrated in Figure 2.14 above.

Management Tools – Plans and Models
SEWRPC has developed a water supply system plan for the Southeastern Wisconsin Region.21 This plan
considers existing water demands, future development, sustainability, and protection of natural resource
features. This plan is the third component of the SEWRPC regional water supply planning program. The
other two elements were a basic groundwater inventory and a regional groundwater model. ,

21Ibid.
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The regional aquifer simulation model allows prediction of water levels in the deep and shallow aquifers
under historical, current, and planned condition. The model allows the effects of different groundwater
management alternatives on surface water resources to be simulated. Additionaly, the model provides a
framework within which more-detailed “inset” models could be developed to investigate site-specific
groundwater-related questions, including the possible effects of high capacity wells on surface water
resources. In summary, the model provides the capability of addressing the following questions:

• What is the sustainable human water supply capacity of an aquifer?

• How much have humans altered the groundwater system?

• What effect does human alteration of the groundwater system have on surface waters?

It is important to note that although the resolution of the regional groundwater models was considered
sufficient and valid to compare differences in impacts resulting from alternative plans, it may not be
sufficiently fine to predict site-specific impacts, or to resolve differences in impacts between surface water
or groundwater features that are in close proximity to one another. Since the average grid cell size of the
groundwater simulation model is over one-quarter square mile (about 2,500 feet on a side), the results from
this regional modeling effort are not applicable for determining the impact of groundwater withdrawal on
a site-specific basis. In other words, this regional model cannot specifically be used for local level
groundwater supply planning purposes for the Nagawicka Lake watershed, because this area is too small.
An evaluation of an area such as the Nagawicka Lake watershed would require a refinement of the model
by the inclusion of more-detailed hydrogeological data and a refinement of the model cell size. As noted
previously, in cases where development of high capacity wells in the shallow aquifer could negatively affect
surface water resources, the SEWRPC regional water supply plan recommends conducting studies to
evaluate the potential negative effects and installing enhanced rainfall infiltration systems in areas where
those studies indicate a potential significant reduction in baseflow to surface waters.

One of the most accessible and effective tools developed as part of the water supply planning effort is the
groundwater recharge potential map derived from a soil-water balance recharge model developed for the
Southeastern Wisconsin Region. Understanding recharge and its distribution is key to making informed
land use decisions so that the groundwater needs of society and the environment can continue to be met.
Unlike the regional model discussed above, this model contains a significantly reduced spatial grid size
(about 100 feet on a side) that can actually be used for local level groundwater planning purposes.
PRELIMINARY DRAFT
This draft does not address comments that will be provided by the Lake Welfare Committee and by the
Wisconsin Department of Natural Resources following their reviews of the draft.

33

Therefore, these model results are generally applicable to the Nagawicka Lake watershed for identifying
and protecting recharge areas that contribute most to baseflow of the lakes, streams, springs, and wetlands
in the watershed, which is important to the goals of sustainable groundwater use and a healthy natural
environment.

In summary, sustainable water supplies provide reliable, high-quality water that supports both short-term
and long-term needs and desires. Reliable water supplies support existing and new development, avoid
undue influence on existing wells and natural groundwater discharge areas, and avoid reduced groundwater
discharge or adulterated quality that could affect treasured and sensitive natural resource features.

Groundwater Conditions in the Nagawicka Lake Watershed
A variety of data sources exist that help quantify groundwater conditions in the Nagawicka Lake watershed.
Water table elevation and groundwater recharge potential maps are available for the entire watershed.22
Additionally, the USGS installed and collected data in several monitoring wells near the Lake.23 These data
sources were used to estimate the area in which infiltrating surface water eventually enters the Nagawicka
Lake watershed, quantify the relative potential for surface water to infiltrate the ground surface and become
a component of groundwater flow, identify general groundwater flow directions, and describe the
interaction of waterbodies with the groundwater flow system.
Water table elevation contours were used to estimate the extent of the shallow groundwatershed and
groundwater flow direction (see Map 2.11a). Under natural conditions, surface water percolating into the
ground within this area eventually discharges to Nagawicka Lake, the Bark River, and other tributary streams.
The Nagawicka Lake groundwatershed is roughly the same size as the area contributing surface water to
the Lake and River. However, groundwater under large swaths of the surface-watershed does not ultimately
discharge to surface-waterbodies in the Nagawicka Lake watershed. This includes the extreme headwater
reaches of the Bark River and much of the eastern portion of the Village of Hartland. Water infiltrating into
soils in these areas joins groundwater flowpaths terminating in the Menomonee and Fox Rivers. The
groundwatershed feeding Nagawicka Lake does extend west beyond the Bark River watershed into an area
under the western periphery of the Oconomowoc River watershed. This means that some of the
groundwater feeding the Bark River percolates into soils in the Oconomowoc River watershed.

22SEWRPC

Technical Report No. 37, Groundwater Resources of Southeastern Wisconsin, June 2002 and SEWRPC
Technical Report No. 47, Groundwater Recharge in Southeastern Wisconsin Estimated by a GIS-Based Water-Balance
Method, July 2008.
23Garn,

op. cit.
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Most waterbodies in the Nagawicka Lake watershed receive water from the groundwater flow system. As
was mentioned above, the Bark River just upstream of the Village of Merton is likely to gain considerable
flow from groundwater sources. However, somewhat unusually for Southeastern Wisconsin, the Bark River
appears to lose flow to the groundwater in the Village of Hartland reach. A portion of the River’s flow likely
infiltrates into its bed. Some of this infiltrating River water re-emerges in the Nagawicka Lake watershed.
However, much of the infiltrating River water feeds groundwater flow systems terminating in Coco Creek (a
tributary to Pewaukee Lake) and Pewaukee Lake. Similarly, Nagawicka Lake appears to lose water through
its bed along much of the Lake’s western shoreline to the north of the Lake’s outlet.

The groundwater recharge potential in and near the Nagawicka Lake watershed is also mapped on Map
2.12. Groundwater recharge potential is divided into four categories: low, moderate, high, and very high.
Any areas that were not defined were placed into a fifth category (undefined). Undefined areas are often
associated with groundwater discharge areas, which is why they tend to be located adjacent to streams. The
most extensive tracts of “very high” and “high” groundwater recharge potential occur in sub-basin 1,
immediately upstream of the Village of Merton. This suggests that the reach of the Bark River just upstream
of the Village of Merton likely is a key contributor to dry-weather flow in the River and ultimately the Lake.
This finding is supported by the numerous springs mapped in this section of the River.24

Modest areas of high groundwater recharge potential occur between the Village of Merton and the northern
fringe of the Village of Hartland. Aside from limited areas south of the Lake, comparatively few very high
and high groundwater recharge potential areas are found within and downstream of the Village of Hartland
and around Lake Nagawicka.

To protect baseflow to the River and Lake, it is particularly important to preserve and enhance the recharge
potential within the groundwatershed upstream of Hartland and downstream of the Washington-Waukesha
County line. Areas with very high and high groundwater recharge potential anywhere within the more
developed southern portion of the watershed are ideal sites to position stormwater infrastructure designed
to infiltrate detained stormwater.25 Infiltrating stormwater helps reduce peak flows and increases cool, high
quality, baseflow to waterbodies during dry periods, conditions that generally improve waterbody health.

24SEWRPC

Planning Report No. 52, op. cit.

25Care

needs to be taken to infiltrate water that does not degrade the quality of groundwater resources. More
information regarding stormwater infiltration is available from many sources, including the following website:
http://learningstore.uwex.edu/assets/pdfs/g3691-3.pdf.
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All water used by humans in the watershed is supplied by groundwater, and most is drawn from shallow
aquifers. In addition to the residential wells supplying potable water for homes, high capacity wells withdraw
groundwater throughout the watershed. For example, the Village of Hartland pumped an average of over
1,000,000 gallons per day during 2005. At that time, the Village pumped water from four wells, some
drawing from sand and gravel, and some drawing from the sandstone aquifer. In addition to the Village of
Hartland’s wells, privately owned high capacity wells draw water for commercial and residential use.

As of 2010, about one-third of the Nagawicka Lake watershed was either served or was planned to be served
by public sewers (see Map 2.12a). These areas are overwhelmingly concentrated downstream of the Village
of Merton. Several sub-basins are, or are planned to be, completely served by public sanitary sewers. All
wastewater discharged to public sanitary sewers is exported from the watershed. Since the water discharged
to sanitary sewers originates as groundwater drawn from within the watershed, human water use in areas
served by public wastewater collection systems represents a significant net artificial demand placed upon
the groundwater flow system feeding waterbodies in the Nagawicka Lake watershed. That demand
decreases groundwater discharge to the watershed’s waterbodies. Aquifer simulation modeling conducted
under the SEWRPC regional water supply plan indicates that, under year 2035 recommended land use and
water supply conditions and in the absence of enhanced infiltration of stormwater in the watershed,
baseflow to Nagawicka Lake could decrease by 10 percent or more, but by less than 25 percent, compared
to year 2005 conditions. This emphasizes the importance of maintaining and enhancing recharge to the
shallow sand and gravel aquifer

Watershed Jurisdictions, Demographics, and Land Use
Watershed Jurisdictions
As noted above the Nagawicka Lake watershed lies entirely within Washington and Waukesha Counties (see
Map 2.1). The largest portion of the watershed is in the Village of Richfield with 31 percent, followed by the
Town of Lisbon with 25 percent, and the City of Delafield with 16 percent. The remaining 28 percent of the
watershed (in descending order) is comprised by the Village of Hartland, Village of Merton, Town of Merton,
Town of Delafield, Village of Nashotah, Village of Chenequa, and Village of Sussex.

Jurisdictional Roles and Responsibilities
Natural resources are protected to some extent under Federal, State, and local law. The Clean Water Act
regulates surface water quality at the national level. In Wisconsin, the WDNR has the authority to administer
the provisions of the Clean Water Act. The USEPA, U.S. Army Corps of Engineers, Natural Resources
Conservation Service, and the U.S. Fish and Wildlife Service work with the WDNR to protect natural areas,
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wetlands, and threatened and endangered species. The Federal Safe Drinking Water Act also protects
surface and groundwater resources.

Counties and other local governments in the watershed have ordinances regulating land development and
protecting surface waters. Comprehensive zoning ordinances represent some of the most important and
significant tools available to local units of government in directing the proper use of lands within their
jurisdictions. Local zoning regulations include general, or comprehensive, zoning regulations and specialpurpose regulations governing floodplain and shoreland areas. General zoning and special-purpose zoning
regulations may be adopted as a single ordinance or as separate ordinances; they may or may not be
contained in the same document. Any analysis of locally proposed land uses must take into consideration
the provisions of both general and special-purpose zoning. The ordinances administered by the units of
government within the watershed are summarized in Table 2.5. In addition, since State laws governing
County and local zoning regulations are often revised, the SEWRPC staff provides periodic summaries of
the

most

up-to-date

changes

that

can

be

read

and

downloaded

at:

http://www.sewrpc.org/SEWRPCFiles/CommunityAssistance/Smartgrowth/fact_sheet_implementation_of_c
omp_plans.pdf.

Other governmental entities with watershed jurisdictional or technical advisory roles include: the Wisconsin
Department of Agriculture, Trade, and Consumer Protection; the University of Wisconsin-Extension;
Washington County Planning and Parks Department; and Waukesha County Department of Parks and Land
Use.
Floodland Zoning
Section 87.30 of the Wisconsin Statutes requires that counties, with respect to their unincorporated areas;
cities; and villages adopt floodplain zoning to preserve the floodwater conveyance and storage capacity of
floodplain areas and to prevent the location of new flood-damage-prone development in flood hazard
areas. The minimum standards that such ordinances must meet are set forth in Chapter NR 116, “Wisconsin’s
Floodplain Management Program,” of the Wisconsin Administrative Code. The required regulations govern
filling and development within a regulatory floodplain, which is defined as the area that has a 1 percent
annual probability of being inundated. The 1-percent-annual-probability (100-year recurrence interval)
floodplains within the Nagawicka Lake watershed are shown on Map 2.13. As required under Chapter NR
116, local floodland zoning regulations must prohibit nearly all forms of development within the floodway,
which is that portion of the floodplain required to convey the 1-percent-annual-probability peak flood flow.
Local regulations must also restrict filling and development within the flood fringe, which is that portion of
the floodplain located outside the floodway that would be covered by floodwater during the one-percentPRELIMINARY DRAFT
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annual-probability flood. Allowing the filling and development of the flood fringe area reduces the
floodwater storage capacity of the natural floodplain, and may, thereby, increase downstream flood flows
and stages. There are approximately 3,225 acres of floodplains within the Nagawicka Lake watershed as
shown on Map 2.13.

The Washington and Waukesha County ordinances related to floodplain zoning recognize existing uses and
structures and regulate them in accordance with sound floodplain management practices. These ordinances
are intended to: 1) regulate and diminish the proliferation of nonconforming structures and uses in
floodplain areas; 2) regulate reconstruction, remodeling, conversion and repair of such nonconforming
structures—with the overall intent of lessening the public responsibilities attendant to the continued and
expanded development of land and structures inherently incompatible with natural floodplains; and 3)
lessen the potential danger to life, safety, health, and welfare of persons whose lands are subject to the
hazards of floods. Floodplain zoning is in place for each of the towns in Washington and Waukesha Counties
(see Table 2.5).

Population and Households
Data on population and numbers of households in the Nagawicka Lake watershed from 1960 to 2010 are
shown in Table 2.6. Over that time period, the resident population grew from about 7,850 to 30,330
individuals and the number of households grew from about 1,960 to 11,130. The greatest increase in both
population and the number of households occurred between 1970 and 1980, however, there has been a
steady growth in both population and households since 1990, as shown in Table 2.6. Based upon the
adopted regional land use plan, the population and number of resident households in the Nagawicka Lake
watershed are projected to continue to increase through the year 2050, which is consistent with planned
increases in urban land uses as shown in Table 2.7.26

Historical Urban Growth
Historical urban growth within the Nagawicka Lake watershed is summarized on Map 2.14 and Table 2.8.
Much of the early growth (pre-1950s) in the lower parts of the watershed was focused along the shoreline
of Nagawicka Lake and within the Village of Hartland and along the shorelines of Lake Five, Bark Lake, and
Amy Belle Lake in the upstream portions of the watershed. Between 1950 and 1970, the majority of growth
continued to occur around Nagawicka Lake and in the Village of Hartland in the lower portions of the

26SEWRPC

Planning Report No. 55, VISION 2050: A Regional Land Use and Transportation Plan for Southeastern
Wisconsin, July 2017.
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watershed. From 1970 to 2010, growth has continued to occur throughout the entire watershed. Hence,
urban runoff is an important issue in this watershed, and measures to mitigate that impact are considered
in later sections of this report.

Land Use
Existing year 2010 land use data and planned year 2050 land use projections for the watershed were
developed by the SEWRPC staff.27 28
Urban land uses comprise about 43 percent of the watershed area under 2010 land use conditions (Map
2.15 and Table 2.7). The majority of the commercial and industrial urban development is in the lower
portions of the watershed. Residential lands, which comprise the greatest amount of urban development
(about 28 percent), are widely distributed throughout the watershed. Agricultural land uses accounted for
about 23 percent of the watershed area in 2010 and the majority of those lands are located in the upper
portions of the watershed. Wetlands comprise nearly 11 percent and woodlands also cover about 11 percent
of the watershed. Surface water covers 1.3 percent.

Under planned 2050 land use conditions (see Table 2.7 and Map 2.16), agricultural land is expected to be
reduced by nearly 44 percent, or 3,635 acres. Urban development is planned to increase by about 137
percent, comprising 59 percent of the watershed by 2050 as shown in Table 2.7.

Comparison of the existing versus planned land use as shown in Map 2.17 indicates the agricultural land,
open land, and woodland that would be expected to be converted to urban uses under planned year 2050
conditions. Hence, agricultural land will cover a smaller portion of the watershed and will no longer be
dominant in the upper portion of the watershed as shown in Table 2.7. Based upon this planned land use
condition, urban runoff is anticipated to have much more influence in the watershed than agricultural lands
in the future (see “Pollutant Loading Model” section below).

When urban development in a watershed increases, the amount of impervious surface area increases. Many
researchers throughout the United States, including researchers at the WDNR, report that the amount of

27Ibid.
28The

existing land use data for this study area is based upon 12.inch pixel color year 2010 orthophotography and
cadastral mapping. SEWRPC has over 60 land cover classifications and a spatial resolution scale of 1 inch equals 200 feet,
which is equivalent to the National Map Accuracy Standards (NMAS) of 90 percent of the positions of well-defined points
as determined from the orthophotographs to be within 6.6 feet of their correct position as determined by field
measurement.
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connected impervious surface is the best indicator of the level of urbanization in a watershed.29 Directly
connected impervious area is area that discharges directly to the stormwater drainage system, and,
ultimately, to a stream without the potential for infiltration through discharge to pervious surfaces or
facilities specifically designed to infiltrate runoff. In the absence of mitigating controls on runoff, impervious
surfaces:30

 Contribute to the hydrologic changes that degrade waterways;

 Are a major component of the intensive land uses that generate pollution;

 Prevent natural pollutant attenuation or removal in the soil by preventing infiltration; and

 Serve as an efficient conveyance system transporting pollutants into waterways.

Research over the last 20 years shows a strong relationship between the imperviousness of a drainage basin
and the health of receiving streams.31 Studies have found that relatively low levels of urbanization—8 to
12 percent connected impervious surface—can cause subtle changes in physical (increased temperature
and turbidity) and chemical (reduced dissolved oxygen and increased pollutant levels) properties of a
stream, leading to a decline in the biological integrity of the stream. For example, each 1 percent increase
in watershed imperviousness can lead to an increase in water temperature of nearly 2.5°F.32 While this
temperature increase may appear to be small in magnitude, this small increase can have significant impacts
on fish, such as trout and other biological communities that have a low tolerance to temperature
fluctuations or require specific thermal ranges.

29L.

Wang, J. Lyons, P. Kanehl, and R. Bannerman, “Impacts of Urbanization on Stream Habitat and Fish across Multiple
Spatial Scales,” Environmental Management, Vol. 28, 2001, pp. 255-266.
30Dane

County Regional Planning Commission, Dane County Waterbody Classification Study-Phase I, March 2007.

31Wang,

L., J. Lyons, P. Kanehl, R. Bannerman, and E. Emmons. 2000. Watershed Urbanization and Changes in Fish
Communities in Southeastern Wisconsin Streams. Journal of the American Water Resources Association 36(5):1173-1189;
Wang, L., J. Lyons, P. Kanehl, and R. Gatti. 1997. Influences of Watershed Land Use on Habitat Quality and Biotic Integrity
in Wisconsin Streams. Fisheries 22(6):6-12; Arnold, C., and C.J. Gibbons. 1996. Impervious Surface Coverage. The
Emergence of a Key Environmental Indicator. Journal of the American Planning Association 62(2):243-258; Schueler, T.
1995. Site Planning for Urban Stream Protection. Center for Watershed Protection. Ellicot, MD; Masterson, J.P., and R.T.
Bannerman. 1994. Impacts of Stormwater Runoff on Urban Streams in Milwaukee, Wisconsin. In National Symposium on
Water Quality. 1994. American Water Resources Association. Middelburg, VA; and, Schueler, T. 1994. The Importance of
Imperviousness. Watershed Protection Techniques 1:100-111.
32L.

Wang, J. Lyons, and P. Kanehl, “Impacts of Urban Land Cover on Trout Streams in Wisconsin and Minnesota,
Transactions of the American Fisheries Society, Vol. 132, 2003, pp. 825-839.
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The Nagawicka Lake watershed’s overall proportion of urban land use in 2010 likely corresponds to a level
of connected imperviousness that exceeds the threshold level of 6 to 11 percent at which negative biological
impacts can be expected to occur. In addition, the estimated levels of imperviousness by sub-basin for year
2010 and planned year 2050, as shown in Figure 2.11, are also expected to exceed the 6 to11 percent range,
except for sub-basin 9. This indicates that, in the absence of mitigating measures, these moderate to high
levels of urban development would be expected to contribute to the degradation of aquatic resources, such
as has been observed in other streams within southeastern Wisconsin.33 Hence, local stormwater
management practices affecting runoff volume and quality such as promoting infiltration, green
infrastructure projects, and preservation of riparian buffers will be key to mitigating the consequences of
development within this watershed. In addition, agricultural land management practices will also remain an
important component to reduce pollutant loads to Nagawicka Lake, particularly during stormwater events.

Natural Resource Elements
Many important interlocking and interacting relationships occur between living organisms and their
environment. The destruction or deterioration of any one element may lead to a chain reaction of
deterioration and destruction among the others. The drainage of wetlands, for example, may have farreaching effects. Such drainage may destroy fish spawning grounds, wildlife habitat, groundwater recharge
areas, and natural filtration and floodwater storage areas. The resulting deterioration of surface water quality
may, in turn, lead to a deterioration of the quality of the groundwater. Groundwater serves as a source of
domestic, municipal, and industrial water supply and provides low flows in rivers and streams. The
destruction of woodlands and other upland cover types, which may have taken a century or more to
develop, may result in soil erosion and stream siltation and in more rapid runoff and increased flooding, as
well as destruction of wildlife habitat. Although the effects of any one of these environmental changes in
isolation may not be overwhelming, the combined effects may lead eventually to the deterioration of the
underlying and supporting natural resource base, and of the overall quality of the environment for life. The
need to protect and preserve the environmental corridors and their associated complexes of wetland,
upland, and critical species habitats within the watershed, thus, becomes apparent.

33SEWRPC

Technical Report No. 39, Water Quality Conditions and Sources of Pollution in the Greater Milwaukee
Watersheds, November 2007.
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Primary Environmental Corridors
Primary environmental corridors (PEC) include a wide variety of important resource and resource-related
elements. By definition, they are at least 400 acres in size, two miles in length, and 200 feet in width.34 There
are two separate PECs in the watershed under existing conditions, one in the upper portion of the watershed
and one in the lower portion of the watershed that includes Nagawicka Lake, which together encompass
about 6,633 acres, or about 22 percent, of the Nagawicka Lake watershed. This PEC represents a composite
of the best remaining elements of the natural resource base in the watershed, and contains almost all of
the best remaining uplands, wetlands, and wildlife habitat areas (see “Natural Areas and Critical Species
Habitat Sites” section below). It is also important to note that these high quality corridors are a part of one
much larger contiguous PEC that is shared with the neighboring lakes located west, north, and east of
Nagawicka Lake as shown on Map 2.18. Hence, Nagawicka Lake and its associated shorelands are part of
the highest quality natural resources within the watershed as well as the neighboring watersheds. This is
why management of those areas is vital to protecting and maintaining the quality and integrity of this
resource (see Appendix A-Managing the Water’s Edge-Riparian Buffer Guide).

Secondary Environmental Corridors
Secondary environmental corridors (SEC) are at least 100 acres in size and one mile long. In 2010, as shown
on Map 2.18, there were three large designated secondary environmental corridors within the Nagawicka
Lake watershed that together encompass about 280 acres, or less than one percent, of the Nagawicka Lake
watershed. Although these areas are small compared to the PEC, they provide vital connections between
PEC and Isolated Natural Resource Areas (see below).

Isolated Natural Resource Areas
Smaller concentrations of natural resource features that have been separated physically from environmental
corridors by intensive agricultural or urban land uses have also been identified. These natural resource areas,
which are at least five acres in size, are referred to as isolated natural resource areas (INRA) and are shown
on Map 2.18. Widely scattered throughout the watershed, isolated natural resource areas covered about
593 acres, or nearly 2 percent, of the total study area in 2010. These INRAs still contains a variety of resource
functions that include facilitating surface water drainage, maintaining pockets of natural resource features,
and if connected with other INRAs, SEC, or PEC potentially enhancing the movement of wildlife and dispersal
of seeds for a variety of plant species.

34SEWRPC

Planning Report No. 42, A Regional Natural Areas and Critical Species Habitat Protection and Management
Plan for Southeastern Wisconsin, Amendment, December 2010.
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Natural Areas and Critical Species Habitat Sites
Natural areas, as defined by the Wisconsin Natural Areas Preservation Council, are tracts of land or water
so little modified by human activity, or sufficiently recovered from the effects of such activity, that they
contain intact native plant and animal communities believed to be representative of the pre-European
settlement landscape (see Map 2.19). Natural areas are generally comprised of wetland or upland vegetation
communities and/or complex combinations of both these fundamental ecosystem units. In fact, some of
the highest quality natural areas within the Southeastern Wisconsin Region, as well as in the Nagawicka
Lake watershed, are wetland complexes that have maintained adequate or undisturbed linkages (i.e.,
landscape connectivity) between the upland-wetland habitats, which is consistent with research findings in
other areas of the Midwest.35 The extent and distribution of wetland and upland areas and their relationship
to the designated natural areas and critical species habitats are shown on Map 2.19.

Natural areas have been identified for the seven-county Southeastern Wisconsin Region in SEWRPC
Planning Report No. 42, “A Regional Natural Areas and Critical Species Habitat Protection and Management
Plan for Southeastern Wisconsin,” published in September 1997, and amended in 2010. This plan was
developed to assist Federal, State, and local units and agencies of government, and nongovernmental
organizations, in making environmentally sound land use decisions including acquisition of priority
properties, management of public lands, and location of development in appropriate localities that will
protect and preserve the natural resource base of the Region. Washington and Waukesha Counties uses
this document to guide land use decisions.

The identified natural areas were classified into the following three categories:

1. Natural area of statewide or greater significance (NA-1);

2. Natural area of countywide or regional significance (NA-2); or

3. Natural area of local significance (NA-3).

Classification of an area into one of these three categories was based upon consideration of several factors,
including the diversity of plant and animal species and community types present; the structure and integrity

35O. Attum, Y.M. Lee, J.H. Roe, and B.A. Kingsbury, “Wetland complexes and upland-wetland linkages: landscape effects
on the distribution of rare and common wetland reptiles,” Journal of Zoology, Vol. 275, 2008, pages 245-251.
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of the native plant or animal community; the extent of disturbance by human activity, such as logging,
grazing, water level changes, and pollution; the frequency of occurrence within the Region of the plant and
animal communities present; the occurrence of unique natural features within the area; the size of the area;
and the educational value.

The Nagawicka Lake watershed contains 10 natural areas of local significance (NA-3), two natural areas of
countywide or regional significance (NA-2), and two critical species habitat sites as shown on Map 2.19.36
These sites combined encompass approximately 1,031 acres, or 3.5 percent, of the total study area in 2015.
These sites are distributed throughout the Nagawicka Lake watershed and are comprised of upland and
wetland habitats that includes a variety of deep marsh, shallow marsh, and sedge meadow plant
communities. These are the highest quality plant and animal communities known to exist in the watershed,
and can serve as a potential seed sources for restoration in other areas.

2.3 WATER QUALITY

Actual and perceived water quality conditions remain important issues to the Nagawicka community. Lake
residents have expressed concern that specific pollutants could be entering the Lake from various sources
and could be decreasing water quality over time. These sources include general pollution from snowmelt,
fertilizer and pesticide runoff from shoreline properties, fertilizer runoff from agricultural properties within
the watershed, and loading from the Bark River. Additionally, concern about excessive aquatic plant growth
further reinforces the importance of water quality given that water quality conditions (e.g., phosphorus
concentrations) profoundly influence the ability of a lake to support excessive aquatic plant growth.

As part of the discussion regarding the water quality within Nagawicka Lake, it is important to define what
water quality means, since individuals have varying perceptions and levels of understanding. Water quality
is commonly described by most people in terms of visual cues. Algal blooms or cloudy water, for example,
can lead an observer to conclude that water in a lake is “unclean”. However, to actually quantify water
quality, lake managers and residents need to collect quantitative data and study specific chemical, physical,
and biological parameters and trends that influence, or are indicators of, water quality.

The most common metrics to assess water quality include water clarity, water temperature and the
concentrations of chloride, phosphorus, chlorophyll-a, and dissolved oxygen (see Table 2.9 for further

36Note: Site numbers correspond to those presented in the Regional Natural Areas Plan (SEWRPC Planning Report No. 42,
Amendment December 2010).
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information regarding these parameters). These parameters interact with one another in a variety of ways.
For example, nutrient pollution from certain fertilizers can cause a lake’s phosphorus concentrations to
increase, its clarity to decrease (due to algal growth in the water column), and chlorophyll-a (a measure of
algae content) to increase. In addition to water clarity, phosphorus, chlorophyll-a, and dissolved oxygen
values, a number of other parameters can also help determine the “general health” of a lake. For example,
the abundance of the bacteria Escherichia coli, commonly known as E-coli, is often measured to determine
if water is safe for swimming while chloride concentrations are an indicator of overall human-derived
pollution entering a lake.37 To develop a water quality maintenance and improvement program, key waterquality indices must be regularly measured over extended periods of time. This allows lake managers to
establish baselines and identify trends.

Water quality samples have been collected in Waukesha County’s major lakes for over a century. However,
water quality information is not known to have been regularly or systematically obtained until 1973.38 The
Lake has active Citizen Lake Monitoring Network volunteers who have collected data since 1973. The U.S.
Geological Survey (USGS) completed a detailed study of Nagawicka Lake’s hydrology and nutrient
dynamics. 39 As part of this study, water quality and quantity data were collected from the Lake, the Bark
River, tributaries to the Lake, and groundwater on numerous occasions between November 2002 and
October 2004. Additionally, phosphorus monitoring continued until 2006. Available data were compiled to
establish existing conditions, identify trends, and evaluate the need for management efforts. To develop a
water quality maintenance and improvement program, several factors need to be investigated and
considered. The basic factors include:

 The past and current water quality of a lake as well as the lake’s hydrology and morphometry.
To determine which water quality management efforts can help achieve goals, It is important to

37 Chloride

is used as an indicator of human-derived pollution because it is usually naturally present throughout the Region
at low concentrations. Chloride is a “conservative pollutant” meaning that it remains in the environment once released
and is not attenuated by natural processes other than dilution. High chloride concentrations may result from road deicer
runoff, fertilizer application, private onsite wastewater treatment systems that discharge to groundwater that in turn
provides baseflow to streams and lakes, and a long list of other human-derived sources.
Modern water quality data is available at the following website: dnr.wi.gov/lakes/CLMN/Station.aspx?id=673123.
Earlier water quality information is found in a variety of papers and publications. For example, the Wisconsin Conservation
Department published Surface Water Resources of Waukesha County in 1963. This publication includes Nagawicka Lake
water quality information for a sample collected during October 1960.
38

39Garn,

Robert S., Dale M. Robertson, William J. Rose, Gerald L. Goddard, and Judy A. Horwatich, Water Quality, Hydrology,

and Response to Changes in Phosphorus Loading of Nagawicka Lake, a Calcareous Lake in Waukesha County,
Wisconsin, U.S. Department of the Interior, Geological Survey Scientific Investigations Report 2006-5273, 2006.
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quantify current lake conditions, contrast past values, and estimate pre-settlement and future water
quality. To do this, critical parameters (e.g., phosphorus, water clarity, chlorophyll-a, dissolved
oxygen, temperature, conductivity, alkalinity, chloride, and potentially other substances) are
measured, simulated, and tracked over time to evaluate how water quality changes during each year
and over long time periods. Water quality values from various depths are also contrasted to evaluate
in-lake distribution, circulation, and processes. Values that suggest deteriorating conditions can help
identify pollutants and issues that should be targeted for management action. This information, in
combination with general lake characteristics (e.g., depth, shape, circulation patterns) can help
provide context for understanding water quality data, will help determine the extent of water quality
problems, and will help identify viable methods for water quality management.

 A lake’s watershed characteristics, including land use and associated pollutant loadings. The
type and amount of pollutants entering a lake are highly dependent on the ways lands surrounding
the lake (i.e., its watershed) are used. Different land uses produce different pollutants (see
Figure 2.16). For example, agricultural land can be a significant contributor of sediment (from soil
eroded from cultivated areas and carried in runoff) and nutrients ( from fertilizers, manure, and soil
washed off fields). The types of agricultural practices employed influence the amount and timing of
erosion and sediment and nutrients delivered to a lake. For example, tillage can loosen soils
promoting erosion while tiles and ditches may hasten runoff and reduce the ability of sediment and
nutrients to be captured before they enter waterways. Conversely, conservation tillage, cover crops,
and pastured lands can reduce erosion and nutrient delivery. Similarly, urban land uses (e.g.,
residential, industrial, commercial development) can contribute significant amounts sediment and
nutrients and an array or other pollutants such as heavy metals, petroleum products, and toxic
organic compounds released from human activity (e.g., oil leaked onto pavement, aromatic
compounds in paving materials and sealers). The potential for runoff and pollutant transport is
influenced by the permeability, degree of cover, and slope of soils. The amount of pollutant actually
reaching water bodies may be higher if slopes are steep and ground is bare, paved, or relatively
impermeable. Given this connection, it is important to understand past, present and planned future
land use within the watershed. Based on these land use conditions, models can estimate the amount
of pollution likely entering a lake. This can help identify portions of the watershed that are more likely
contributing to water quality deterioration and can therefore help focus pollution reduction
strategies and efforts.
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 The filtration ability of a lake’s watershed and shorelines. A varietyof natural or nature-like features
can help filter polluted runoff. Features such as wetlands and vegetative buffers can significantly
decrease the amount of pollution entering a lake.40 Pollutants can either by absorbed and utilized (in
the case of nutrients) and/or trapped (such as sediment).

Each of these three factors is discussed in more detail in the following paragraphs.

Lake and River Water Quality
Water quality fluctuates over short- and long-term time periods. Therefore, thorough evaluation of water
quality relies on periodically monitoring various chemical and physical properties (ideally at the same depths
and locations over protracted time periods). Monitoring data is used to evaluate the severity and nature of
pollution within a waterbody, the risks associated with identified pollution, the waterbody’s ability to
support various fish and recreational uses, and the overall waterbody health.

When examining lake water quality, it is important to document certain lake characteristics that provide
context for evaluation. These lake characteristics include:

 A lake’s hydraulic residence time. Hydraulic residence time refers to the average length of time
needed to replace the lake’s entire water volume.41 Residence time helps determine how quickly
pollution problems can be resolved. For example, if retention times are short, pollutants are flushed
out of the lake fairly quickly. In such cases, management efforts can likely focus on pollutant and
nutrient loads contributed to the lake from the watershed. In contrast, lakes with long retention times
tend to accumulate nutrients and pollutants. These can eventually become concentrated in bottom
sediments. In this case, in addition to preventing external pollution, it also may be necessary to
employ in-lake water quality management efforts.

 Whether the lake stratifies, and, if it does, when the lake mixes. Stratification refers to a state in
which the temperature difference (and associated density difference) between the surface waters of

40

Vegetative buffers (e.g., forests, grassed waterways, and vegetative strips) and wetlands have the natural ability to slow
runoff. This encourages pollutants to be trapped, stored, and/or consumed before they enter the adjacent lake.
41

The term “flushing rate” is also commonly used to describe the amount of time runoff takes to replace one lake volume.
Flushing rate is the mathematic reciprocal of hydraulic residence time. Therefore, while retention time is expressed in years
and has units of time, flushing rate is typically expressed as the number of times lake water is completely replaced by
runoff in one year, and is therefore a rate (units/time).
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a lake ( the epilimnion) and the deep waters of the lake (the hypolimnion) is great enough to form
thermal layers that impede mixing of gases and pollutants between the two layers (see Figure 2.17).
If a lake stratifies, oxygen-rich surface water in contact with the atmosphere does not freely mix with
water in deeper portions of the lake. Therefore, the deeper hypolimnetic water cannot exchange
gases with the atmosphere. Metabolic processes continue to consume oxygen in the hypolimnion. If
oxygen demands are high (such as in an enriched lake), and/or if the volume of deep isolated
hypolimnetic water is small (limiting oxygen storage potential), oxygen concentrations in water in
deep portions of lakes can become extremely low (hypoxic) for periods of time. Water that is
completely devoid of oxygen is termed anoxic. While some lakes remain permanently stratified,
stratification in most Wisconsin lakes breaks down at least twice per year (once in spring and once in
fall) in response to changing seasons and ambient weather conditions.

A lake must be relatively deep to create sufficient temperature differences between surface and
bottom waters for the lake to stratify. In general, lakes in Southeastern Wisconsin less than 15 feet
deep are unlikely to stratify, whereas lakes with depths greater than 20 feet are likely to stratify. A
lake’s propensity to stratify is heavily influenced by the lake’s shape, size, orientation, landscape
position, surrounding vegetation, through flow, water sources, and a host of other factors. Depth to
the thermocline (the transition layer between the epilimnion and hypolimnion, sometimes also called
the metalimnion) can range from less than 10 feet to well over 20 feet in typical Southeastern
Wisconsin lakes.

Most deep lakes in the Region stratify sometime during mid to late spring, with a short (usually less
than a week) period of whole-lake water circulation and mixing (turnover) that takes place once
during spring and once again in fall (see Figure 2.17). At turnover, the lake’s temperature is uniform
from the surface to the bottom. Lakes that stratify and turn over in the spring and fall are termed
dimictic. Mixing can also occur in response to windy conditions in some lakes. Lakes can also weakly
stratify in winter when warmer, denser water is found in the deeper portions of the lake. It is
important to determine if stratification and turnovers occur because nutrients, low-oxygen water,
and in some cases pollutants and sediment that have accumulated in the isolated bottom waters can
suddenly mix into the entire water column during the turnover period, causing water quality and
plant management management problems. For example, abundant nutrients from the hereto
isolated deep portions of a lake can mix into near-surface water which in turn can fuel nuisance-level
algae and plant growth.
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 A lake’s current and past trophic status. Lakes are commonly classified according to their degree
of nutrient enrichment, or trophic status. The ability of lakes to support a variety of recreational
activities, healthy fish, and other aquatic life communities is often correlated with the lake’s degree
of nutrient enrichment. Three terms are generally used to describe the trophic status of a lake:
oligotrophic (nutrient poor), mesotrophic (moderately fertile), and eutrophic (nutrient rich) (see Figure
2.18). Each of these states can happen naturally. Lakes tend to shift to a more nutrient-rich state over
time, a progression often referred to as “aging” (see Figure 2.19). However, if a lake rapidly shifts to
a more eutrophic state, human-induced pollution is often responsible for this change. Under severe
pollution and highly enriched conditions, a lake enters the “hyper-eutrophic” condition (see Figure
2.20). Hyper-eutrophic conditions do not commonly occur naturally, and are nearly always related to
human pollution sources.

 Whether internal loading is occurring. Internal loading refers to release of phosphorus stored in a
lake’s bottom sediment that occurs under water quality conditions associated with stratification.
Phosphorus is typically not particularly soluble and often adheres to particles that settle to the lake
bottom. When organic detritus and sediment settle to the lake bottom, decomposer bacteria break
down the organic substances, a process that consumes oxygen. If lake-bottom waters become devoid
of oxygen, the activity of certain decomposer bacteria, together with certain geochemical reactions
that occur only in the absence of oxygen, can allow phosphorus from plant remains and lake-bottom
sediment to dissolve into the water column. This allows phosphorus that is otherwise trapped in deep
lake-bottom sediment to be released into lake water. This released phosphorus can mix into the
water column during the next turnover period fueling plant and algae growth. In most lakes,
phosphorus is the nutrient controlling overall plant and algal growth, and additional phosphorus can
lead to increased plant and algal growth. If internal loading is a primary component of a lake’s
phosphorus budget, water quality management may focus on in-lake phosphorus management
efforts in addition to preventing polluted runoff from entering the lake.

 Lake tributary area/type. Lakes with large tributary streams commonly receive larger sediment and
nutrient loads than lakes that are fed primarily by precipitation or groundwater. The type of land use
in the watershed greatly effects the pollutant loads carried by tributary streams. Lakes that are fed
primarily by tributary streams are labeled drainage lakes.

To determine the preceding characteristics for Nagawicka Lake, SEWRPC staff completed a water quality
data inventory. Water quality data have been collected since the early 1970s. The Wisconsin Department of
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Natural Resources (WDNR), assisted by citizen volunteers, collected data on Nagawicka Lake from 1973
through 1975, in 1977, from 1980 through1981, from 1986 through 2004, and from 2006 through 2016.
Available data were utilized to establish existing conditions, identify trends, and evaluate the need for
management efforts. By analyzing oxygen/temperature profiles, phosphorus concentrations, chlorophyll-a
concentrations, and Secchi depth measurements, it was determined that Nagawicka Lake is a drainage lake
that thermally stratifies during the summer, is prone to internal loading of phosphorus, and is mesotrophic.
These characteristics are examined and discussed in more detail in the following sections.

Water quality data has also been collected at several sites along the Bark River since the early 1970s. The
sites along the stretch of the River surveyed by SEWRPC staff in 2016 are identified on Map 2.20.

Temperature, Oxygen, and Stratification
When a lake is stratified, shallow depths are considerably warmer, support abundant algae, and contain
abundant oxygen. The thermocline is generally found somewhere between 10 and 30 feet below the surface,
with the depth varying lake-to-lake, month-to-month, and year-to-year. Water within the thermocline
rapidly cools with depth and often contains less oxygen than the epilimnion. Below the thermocline, water
in the hypolimnion is much colder than water at the lake’s surface and may not mix with the epilimnion
until fall. Little sunlight penetrates past the thermocline, therefore, the deeper portions of the lake do not
host significant photosynthetic activity and hence do not receive oxygen from plants. However, oxygen
continues to be consumed by decomposition and other processes in the deeper portions of the lake. As a
result, oxygen concentrations in the hypolimnion decline after the lake stratifies and cannot be replenished
until the lake fully mixes during its fall turnover.

Temperature and oxygen concentration profiles were assembled from data spanning over 40 years.
Temperature and oxygen concentration profiles suggest that Nagawicka Lake stratifies every year and
remains stratified throughout the summer (see Figure 2.21). The location and thickness of the thermocline
vary month-to-month and year-to-year. However, the summer thermocline is generally around 10 feet thick
and is found somewhere between 20 and 40 feet below the Lake’s surface.42 As summer progresses, the

42Temperature

and dissolved oxygen measurements are collected at three-foot intervals. Prior to the year 2000,
measurements were collected at five-foot intervals. The coarse nature of oxygen profile data makes it difficult to precisely
determine where the thermocline lies in the water column. In the future, temperature and oxygen profiles should collect
data at one- foot intervals in and near the suspected thermocline.
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epilimnion thickens and the thermocline is generally found deeper in the Lake, Denser, warmer water
occasionally accumulates in the deepest areas of the Lake during winter, producing weak stratification.43

Temperature and oxygen profiles have noticeably changed over the period of available record. Figure 2.21
helps illustrate these changes by profiling the distribution of low, average, and high values of both
temperature and oxygen concentration for two time periods: data collected between 1981 and 1999, and
data collected between 2000 and 2017. Reviewing these profiles, it becomes evident that the Lake’s
shallower areas are now much warmer in late spring before the Lake stratifies, and that Lake’s shallow area
are generally a bit warmer by late summer.

Based upon the available profiles, the deepest portions of Nagawicka Lake commonly have less oxygen
than overlying cold water during winter, but all depths above 80 feet are fully capable of supporting aquatic
life. Winter stratification breaks down in early spring, and the Lake is usually fully mixed by sometime in
March or April. When fully mixed, oxygen concentrations vary little with depth and the Lake is capable of
supporting aquatic life present at essentially all depths.

Nagawicka Lake’s summer oxygen profiles are complex and evolving, and are responding to many changes.
The geochemistry of lake bottom sediment suggests that the hypolimnion was largely oxygenated until
approximately 1910, a time period which also corresponds to higher organic matter deposition which is
suggestive of more eutrophic Lake conditions.44 Over recent years, the Lake has become less eutrophic.45
Eutrophic lakes are more prone to oxygen depletion in their hypolimnia on account of heavy loads of
organic matter settling to the lake bottom where they decompose and consume oxygen. All available
oxygen profiles were measured after the Lake was well into its recovery from the significantly more
eutrophic conditions experienced before 1980. As such, none of the profiles represent the oxygen
distribution in the Lake during its most eutrophic phase.

Even though the Lake’s most eutrophic period cannot be evaluated, Lake oxygen distribution measured
during the period of available record demonstrate significant improvement. Perhaps the most prominent

43Water

achieves its maximum density in its liquid form at approximately four degrees Celsius, or 39 degrees Fahrenheit.
Therefore, water near its freezing point temperature is more buoyant.
44Garrison,

Paul J. Paleoecological Study of Nagawicka Lake, Waukesha County, PBU-SS-993 2004, Bureau of Integrated
Science Services – Wisconsin Department of Natural Resources, March 2004.
45Perhaps

one of the largest changes influencing the Lake’s productivity was the establishment of the Dela-Hart Water
Pollution Control Commission during 1980, which diverted treated wastewater from the Upper Bark River and the Lake to
points downstream of the Lake, significantly reducing nutrient loads.
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aspect of this promising trend is the improving oxygen concentration distribution in the Lake’s hypolimnion
(see Figure 2.22)). During July, the volume of oxygenated hypolimnetic water has significantly increased.
More strikingly, the Lake’s hypolimnion, which was almost entirely anoxic by August before the late 1990s,
now regularly contains large volumes of water with sufficient oxygen to support aquatic life throughout
August. Unfortunately, oxygen concentrations in much of the hypolimnion still commonly fall to very low
levels in the weeks immediately preceding fall turnover, a fact hindering establishment of a self-sustaining
and biologically productive coldwater ecological niche in the Lake. Nevertheless, if the Lake’s trophic
status/productivity decreases a bit more in response to water quality initiatives, Nagawicka Lake has a
substantial chance of maintaining oxygen concentrations supporting aquatic life in its hypolimnion
throughout the year. Unfortunately, fall hypolimnetic oxygen concentration distributions during 2015 and
2017 were the worst noted since the late 1990’s, breaking a long trend of improvement. Therefore,
continued monitoring and an emphasis on improving water quality is warranted and highly desirable.

Throughout the period of available data (although becoming much more evident as the Lake’s hypolimnetic
oxygen concentration have increased), the Lake’s oxygen profile exhibits a rather unusual metalimnetic
oxygen minimum. In this situation, the Lake has a well-oxygenated epilimnion and hypolimnion, but low
oxygen concentrations in the thermocline. When such conditions are observed, several factors may be at
work in the Lake.46 These factors are described below.
 Organic matter and other materials that consume oxygen from the epilimnion or external sources
settle to the metalimnion, where the sinking rate is slowed by temperature-induced water density
differences. The accumulating organic matter actively decomposes in the metalimnion, while les
biodegradable substances settle to the colder and less biologically active hypolimnion.47 The
concentration of biodegradation in the metalimnion depletes oxygen at this depth.

 In certain situations, zooplankton may mass in the metalimnion on account of abundant food sources.
While this factor cannot account for metalimnetic anoxia, it can account for a tenth of oxygen demand
in the metalimnion.

46Wetzel,

Robert G., Limnology, 2nd Edition, Saunders College Publishing, 1983.

47Concentrated

decomposition in the metalimnion may lead to high nutrient concentrations at this depth. In some
instances, algae can grow profusely in this nutrient-rich zone. This can lead to abundant oxygen production in the
metalimnion. If oxygen production exceeds the demands of decomposition, the metalimnion can become supersaturated
with oxygen.
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 Methane released from deepwater sediment can rise to the metalimnion and be oxidized in the
warmer and more oxygenated metalimnion. This situation is fostered by the presence of dissolved
nitrogen.

 In some cases, lake basin shape can contribute to high oxygen demand in the metalimnion.
Degradation-driven oxygen consumption is often highest at the sediment-water interface. Should
the metalimnion’s depth range coincide with large expanses of lake bottom, oxygen demand in the
metalimnion can be particularly high.

In Nagawicka Lake’s case, methane oxidation and basin morphometry are not likely the primary factors
driving oxygen depletion in the metalimnion. The Lake generally has an oxygenated hypolimnion, allowing
methane oxidation to begin at deeper depths. Furthermore, the Lake does not have a pronounced depth
bench in the depth range of the metalimnion (i.e., 20 to 40 feet). Instead, careful examination of oxygen
profiles reveals that oxygen concentrations have been elevated in the metalimnion during early summer in
many years, supporting the case for high productivity, zooplankton consumption, and organic matter
decomposition in the hypolimnion.

The reduced volume of anoxic water in the hypolimnion has the potential to favorably influence the Lake’s
phosphorus budget and ecology. To illustrate this fact, roughly 350 acres of Lake bottom were typically in
contact with anoxic water during August for the time period before 2000 (see Figure 2.23). Since 2000,
roughly 85 acres of Lake bottom are typically exposed to anoxic water during August. Furthermore, the
volume of anoxic water found in the Lake during a typical August has decreased by over 90 percent (see
Figure 2.25).

Improving oxygen concentrations in the hypolimnion can positively influence the ability of the Lake to
support desirable aquatic life, such as forage species and large gamefish. Before 2000, less than two-thirds
of the Lake’s bottom area was covered with water containing sufficient oxygen to support aquatic life during
August. Data collected since the year 2000 reveals that over 92 percent of the Lake’s total bottom area can
now support aquatic life during typical August conditions.

Since all profiles are collected at the deepest portions of the Lake, other conditions may exist at the same
time in other parts of the Lake. For example, oxygen concentrations at similar depths may be differ
throughout the Lake at the same moment in time. If areas of higher oxygen concentrations are present in
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other portions of the Lake in late summer, it is theoretically possible that aquatic organisms requiring cold,
well oxygenated water could persist in Nagawicka Lake year round.

As opposed to concentration, oxygen saturation relates measured oxygen concentration to the maximum
theoretical oxygen concentration in equilibrium with the atmosphere at a given temperature. Values
between 90 and 110 percent saturation are generally considered desirable for aquatic life, with values
greater and less than this range being increasingly injurious to aquatic life. Oxygen saturation profiles
(Figure 2.27) reveal that the near-surface waters of Nagawicka Lake are commonly supersaturated with
oxygen during summer.48 Oxygen supersaturation exceeds desirable ranges during July and August in some
instances. Supersaturation is generally a result of abundant photosynthetic activity, and is commonly related
to human-induced nutrient enrichment.

Oxygen saturation values are typically uniform throughout the epilimnion. Since oxygen saturation values
do not peak at the thermocline, nutrient enrichment driving supersaturation does not appear to be depend
upon internal phosphorus loading. When internal phosphorus loading is a significant component of a lake’s
total phosphorus budget, oxygen supersaturation commonly peaks near the thermocline.

Although no night oxygen information is available, many water bodies exhibiting oxygen supersaturation
during the day experience unacceptably low oxygen saturation levels at night. This condition is related to
continued respiration and decomposition while photosynthesis is lacking. Low oxygen conditions are also
stressful to aquatic organisms and can lead to fish stress and fish kills in summer. However, fish kills have
not been recently recorded in Nagawicka Lake. The oxygen concentrations in the epilimnion typically reach
their daily minima immediately before sunrise.

The available oxygen profiles provide an excellent way to evaluate past conditions, but data collection
techniques could be enhanced to allow more thorough future examination. Some profiles terminate without
reaching the Lake’s bottom. Effort should be taken to collect oxygen and temperature data from the surface
to the Lake’s bottom in the deep hole area. Additionally, the sampling interval should be increased where
water conditions are rapidly changing. This typically means within and near the thermocline. Measurements
should be taken every foot in rapid change depths. Samples should also be collected more frequently and

48

Supersaturation refers to a condition when the amount of dissolved substance exceeds the substance’s maximum
solubility in the solvent under normal circumstances. Such conditions are typically unstable. Dissolved gas comes out of
water as bubbles. Fish exposed to oxygen saturations greater than 115 percent can develop bubbles in their tissues (a
condition similar to “the bends” experienced by deepwater divers).
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consistently. Ideally, values would be collected at least once every two weeks. Furthermore, the lack of predawn oxygen information prevents evaluation of diurnal oxygen stress. Oxygen and temperature
measurements should be collected at first light (before sun up) several times during the summer. Finally, it
would be wise to supplement the deep hole oxygen/temperature profiles with profiles collected at other
locations in the Lake. These locations can vary, but must be accurately mapped for future evaluation and
comparison.

Temperatures have been monitored in several reaches of the Bark River for many years (see Figure 2.28).
Over the nearly 20-year period of record, River water temperatures rarely exceed the upper seventy degree
range. These seasonal maximum values are at or slightly above the upper limit of the range desired to
maintain healthy warmwater stream ecology.49,50 Over time, it appears that the maximum annual water
temperatures in the River have slightly declined, a situation favoring stream health. This may be related to
increasing riparian vegetation. Unfortunately, the decline of ash has a particularly profound effect on
riparian vegetative communities. Green ash (Fraxinus pennsylvanica) is especially common in wet soil areas
such as those found along streams and lakes. Therefore, stream shading may decrease as ash fade from the
landscape, and temperatures may increase. Strategies that continue temperature monitoring and replace
trees that shade the River are highly desirable.

Dissolved oxygen concentrations have been monitored at various locations along the Bark River for many
years (see Figure 2.29). Oxygen concentrations in the River are consistently at or above levels required for
stream health. The large variation in oxygen content found in river water is largely related to temperature –
less oxygen is capable of dissolving into warm water. Therefore, low oxygen values are most common during
summer months. Low oxygen values during other times of the year suggest heavy oxygen demand, a
situation often related to excessive organic matter undergoing degradation. For example, the lowest oxygen
value measured in the River occurred on November 13, 2004, a time of the year when large quantities of
leaves enter and are degraded within water bodies. A few oxygen values suggest that the River experiences
oxygen supersaturation at times, a condition injurious to aquatic life. Supersaturation is commonly related
to eutrophic conditions and relatedly, abundant aquatic plant and algal growth.

49For

cool-warm mainstem streams, maximum daily mean water temperature should remain at or below 72.6 to 76.3
degrees Fahrenheit.

50Wisconsin Department of Natural Resources, Bureau of Water Quality Program Guidance, Wisconsin 2014 Consolidated

Assessment and Listing Methodology (WisCALM) for Clean Water Action Section 305(b), 314, and 303(d) Integrated
Reporting, May 2013.
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Chlorophyll-a
Chlorophyll-a is the major photosynthetic (“green”) pigment in algae. The amount of chlorophyll-a present
in water is an indication of the biomass, or amount, of algae in the water. As presented in Table 2.9,
chlorophyll-a concentrations above 10 µg/L tend to impair recreational activity. The median chlorophyll-a
concentration for lakes in Southeastern Wisconsin is approximately 9.9 µg/L but can range from 1.8 to 706.1
µg/L.51 Chlorophyll-a concentrations have been measured in Nagawicka Lake since the 1980s and indicate
that chlorophyll-a levels are consistently well below the threshold of 10 ug/L associated with eutrophic
conditions (Figure 2.30). Despite a few higher than typical values recorded in the 1990’s, chlorophyll-a
averages around 4.0 µg/L, a value significantly lower than the regional median. This indicates that algal
blooms are generally not a problem and suggest moderately low phosphorus concentrations in Nagawicka
Lake. Furthermore, since algal growth in the Lake is phosphorus limited, reducing phosphorus in the Lake
will further reduce chlorophyll-a concentrations, yielding clearer water. The overall declining trend of
chlorophyll-a concentrations may be the result of decreased phosphorus loading. Unfortunately, no
comparative chlorophyll-a measurements are available for the period of time before treated wastewater
was diverted from the Lake’s watershed.

Chloride
Under natural conditions, surface water in Southeastern Wisconsin contains very little chloride. Historical
data suggests that before extensive development, Southeastern Wisconsin lakes commonly contained water
with less than 5 mg/L chloride. Most Wisconsin lakes saw little increase in chloride concentrations until the
1960s, but a rapid increase thereafter.52 Chloride concentrations in Nagawicka Lake were first recorded from
September 1973 to February 1975, at which time concentrations averaged 23.0 mg/L. Chloride
concentrations were again recorded from April 1997 to April 2000. During that period chloride
concentrations averaged 56.2 mg/L (Figure 2.31). The concentration of the most recent chloride sample
analyzed from Lake Nagawicka in April of 2004 was 74.1 mg/L. Given what is observed in other lakes in the
Region, and the trend of the available data, current values could be substantially higher (e.g. approaching
or exceeding 100 mg/L).

Chloride is considered a conservative pollutant, meaning that natural processes (other than evaporation)
typically do not detain or remove it from water. Humans use chloride bearing materials for a multitude of
purposes (e.g., road anti-icing and deicing, water softening, industrial processes). Therefore, chloride

51

Wisconsin Department of Natural Resources Technical Bulletin No. 138, op. cit.

52

Ibid.
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concentrations are normally positively correlated with human-derived pollutant concentrations. Chloride is
indicative of a suite of human-sourced and human enriched chemicals. These chemicals include agricultural
nutrients and pesticides, pharmaceuticals, petroleum products, and a host of other substances in common
use by modern society. For this reason, chloride concentrations are a good indicator of the overall level of
human activity, potential impact, and possibly the overall health of a water body. Increasing chloride
concentrations suggest that Nagawicka Lake is subject to cultural pressure and the Lake has a propensity
to accumulate human-introduced substances, a condition that could reduce water quality and overall
ecosystem function over time. Some lakes in the Region have water containing well over 200 mg/L.

Although the Lake’s most recently recorded chloride concentrations did not exceed regulatory guidelines
and are not at the extreme range of local values (see Table 2.9), different plant and animal species have
varying abilities to survive or thrive in saltier environments. For example, reed canary grass, a common
invasive species of wetland and riparian settings, is well-adapted to salty water environments.53 Similarly,
Eurasian water milfoil can survive levels of industrial and salt pollution that eliminates native aquatic plants.54
At least a few invasive animal species are also more tolerant of saltier water than native fish species. For
example, invasive round goby (Neogobius melanostomus), a fish introduced from brackish water areas of
Eurasia, grows better in higher salt environments and tolerates salt concentrations that are lethal to native
fish species.55 Therefore, progressively higher chloride concentration may increasingly favor undesirable
changes to the flora and fauna of the Lake and its watershed.

Chloride levels recorded in the surveyed section of the Bark River average 65.9 mg/L, with a median of 52.8
(Figure 2.32). The highest value recorded was a measurement of 438 mg/L near the Delafield-Hartland
(DelaHart) Water Pollution Control Commission wastewater treatment plant in June of 1980.This was the
only chloride measurement taken at that site and the concentration far exceeds any other chloride readings
taken on this stretch of the River. However, it is likely that chloride concentrations exceed regulatory
guidance during certain winter snow removal/snow melt events. Specific conductance information recently
collected by the SEWRPC staff from the nearby Pewaukee River revealed pronounced, short-term water
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Prasser, Nick and Joy Zedler, Salt Tolerance of Invasive Phalaris arundinacea Exceeds That of Native Carex Stricta
(Wisconsin), Ecological Restoration 28(3): 238-240, August 2010.
54

Schuyler, A. E., S. B. Anderson, and V. J. Kolaga, Plant Zonation Changes in the Tidal Portion of the Delaware River,
Proceedings of the Academy of Sciences of Philadelphia, 144: 263-266, 1993.
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Karsiotis, Susanne, Lindsey Pierce, Joshua Brown, and Carol Stepien, Salinity Tolerance of the Invasive Round Goby:
Experimental Implications for Seawater Ballast Exchange and Spread to North American Estuaries, Journal of Great Lakes
Research, Volume 38, Issue 1, pp 121-128, March 2012.
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conductivity spikes. Elevated conductivity is related to the amount of salt in water, and clearly indicative of
a situation suggesting elevated chloride concentrations related to road de-icing.

Management efforts to reduce chloride loading to Nagawicka Lake and other waterbodies throughout the
Region are an important issue of concern. Winter road deicing practices are only one component of this
issue. Periodic chloride concentration monitoring, coupled with regular field measurements of specific
conductance, provides an excellent low-cost mechanism to monitor overall human influence on the Lake.

Secchi Depth, Nutrients, and Trophic Status
Secchi depth, a measure of water clarity, is often used as an easy to measure and understand water quality
indicator. Water transparency can be affected by physical factors such as water color and suspended
particles, and by various biological factors including seasonal variations in planktonic algal populations
living in a lake’s water column. Secchi depth is often highest during winter, indicating high water clarity, and
lowest during summer when biological activity is most active. Secchi depths were collected at the “deep
hole”, or deepest area of the Lake (Figure 2.33). Measurements have been taken at the Deep Hole since
1973. However, summer measurements only began in the early 1980’s. Summer (June through August)
measurements are what are generally used to compare water clarity and evaluate trophic status. Overall,
Secchi depths indicate fair to good water quality, with recorded values averaging 9 feet during the summer
months.56 Water clarity has slightly increased over the period of record. The variations in water quality may
be at least partially related to sampling protocol. For example, during some years, only one secchi reading
was taken the entire year, and this reading could represent an extreme condition.

While on-the-water secchi measurements are most accurate, they are commonly limited to only one point
in the Lake. Satellite water clarity estimates allow water clarity differences throughout the Lake to be noted
and studied. Water clarity estimates for the entire Lake have been derived from satellite imagery for four
years (see Figure 2.34). Identifying reasons for water clarity differences requires consideration of weather,
runoff patterns, and other factors. Whatever the reason, the satellite imagery demonstrates that the center
of the Lake is most clear, and that the most turbid areas occur in locations within, or near, riparian wetlands
and shallow bays. No indication of cloudy water near the mouth of the Bark River is perceivable. In fact, the
June 2013 image reports clearer water at the point where the Bark River enters the Lake.

56It

is important to note that although only summer secchi measurements are used to evaluate water quality changes,

secchi depths in the Lake typical of summer months commonly continue well into September.
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The zebra mussel (Dreissena polymorpha) has been shown to affect water clarity. This nonnative species of
shellfish rapidly colonizes nearly any clean, stable, flat underwater surface, artificial or natural. Massive
colonies have become a significant nuisance in some lakes. Veligers (zebra mussel larvae) were identified in
Nagawicka Lake in 1998. Zebra mussels remove particulate matter from the water column and have the
tendency to improve water clarity. Secchi depth measurements did not significantly increase after 1998
suggesting that zebra mussels are having little influence on the clarity (and plankton abundance) in
Nagawicka Lake.

Water clarity was measured in the Bark River with a turbidity tube. Most samples yielded turbidity readings
of over 100 centimeters, suggesting that the section of the Bark River surveyed has excellent water clarity
(see Figure 2.36). The site at Hillside Road had especially low turbidity readings, with all 14 readings
reporting 120 centimeters of water clarity. Transparency levels increased at the monitoring site in Nixon
Park, from an average of 68.5 cm in 2009 to an average of 86.0 cm in 2016.

Nutrients
Nitrogen and phosphorus are the two compounds that commonly limit growth of aquatic plants and algae.
The amount of phosphorus (P) limits algal growth in most Wisconsin lakes. However, in some lakes, the
amount of nitrogen (N) limits algal growth. Awareness of which nutrient constrains algal growth can be
important when making management decisions. In general, when the concentration ratio of total nitrogen
(N) to total phosphorus (P) is 15:1 or greater, available phosphorus limits algal growth. Conversely when
this proportion is less than 10:1, nitrogen concentrations limit plant growth. Ratios between 15:1 and 10:1
are considered transitional.

Nagawicka Lake
Available data reveal that Nagawicka Lake is severely phosphorus limited (Table 2.10 and Figures 2.37 and
2.38). During spring turnover, N/P ratios typically average in the high fifties, and range from as low as 36:1
to as high as 100:1. N/P ratios differ seasonally and by the depth from which samples are drawn while the
Lake is stratified. Nagawicka Lake has been phosphorus limited throughout recent history, but historical
data from a 1974 USEPA study shows that the Lake was previously nitrogen limited, with an N/P ratio of
8:1.57
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on Nagawicka Lake. EPA Region V Working Paper No.43. U.S. Environmental Protection Agency National
Eutrophication Survey. November 1974.
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When Nagawicka Lake is fully mixed in the spring, phosphorus concentrations are similar throughout the
Lake, averaging 0.028 mg/L over the period of record (Figure 2.39) Spring turnover total phosphorus
concentrations were very high in the 1970s, ranging from 0.8 to 0.11 mg/L. Little data is available for the
period immediately following the time when wastewater treatment plant effluent was diverted from the
Lake and when most livestock operations within the watershed ceased. However, by the late 1980s,
phosphorus concentrations stabilized and they have averaged around 0.013 mg/L since that point in time.

Phosphorus concentrations vary widely within Nagawicka Lake when the Lake is stratified (Table 2.11).
Samples collected near the surface during the growing season commonly have the lowest phosphorus
concentrations, averaging 0.013 mg/L, a value just slightly below the Chapter NR 102 total phosphorus limit
of 0.015 mg/L for stratified two-story drainage lakes (see Figure 2.40).

58

This value is also below the

recreational impairment threshold of 0.030 mg/L for such lakes mandated by Chapter NR 102 of the
Wisconsin Administrative Code.

Phosphorus concentrations reach their highest values in the deeper waters of Nagawicka Lake during warm
season stratification (Table 2.11). Samples drawn from the Lake’s hypolimnion during the summer months
commonly contain phosphorus concentrations many times higher than near-surface lake water, with values
averaging 0.12 mg/L, and values ranging from 0.07 mg/L to 0.18 mg/L over the period of available record.
Phosphorus concentrations rapidly increase as the Lake stratifies, reaching their maxima during September.

Phosphorus Sequestration
In areas of mineral-rich calcareous groundwater (“hardwater”), marl deposits often exist on the beds of lakes
fed by groundwater seeps and springs. Marl is composed chiefly of calcium carbonate, clays and silts, and
some organic detritus. The formation of marl can co-precipitate dissolved phosphorus which helps reduce
phosphorus concentrations in the water of some lakes. In such instances, co-precipitated phosphorus is
deposited as a stable mineral upon the lake bed. Over fifty percent of a lake’s external phosphorus loading
is typically retained in lake-bottom sediment. The actual amount retained in a lake varies widely with
watershed and lake characteristics, but up to ninety percent can be retained in some instances.59 A study

58Wisconsin Department of Natural Resources, Wisconsin 2014 Consolidated Assessment and Listing Methodology
(WisCALM) Clean Water Act Section 305(b), 314, and 303(d) Integrated Reporting, September 2013.
25

Lijklema L., “Phosphorus accumulation in sediments and internal loading,” Hydrological Bulletin, Volume 20, Issue 1,
pp. 213-224, November 1986.
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completed by the USGS concludes that Nagawicka Lake has a strong ability to sequester phosphorus, with
87 percent of the phosphorus entering the Lake retained in lake-bottom sediment.60

Marl is commonly formed as a byproduct of growth of certain algae species (e.g., muskgrass), accumulates
on plant stems and leaves, and ultimately falls to the lake bottom as the algae grows and dies.
Photosynthesis increases water pH in the immediate vicinity of the plant, enhancing precipitation of calcite.
Since enriched lakes generally support more algae, enriched lakes can have a self-reinforcing positive
feedback loop to sequester more phosphorus. However, calcite/phosphorus minerals may become less
stable at high pH ranges, potentially reducing the effect of this feedback loop. Muskgrass, which is a
dominant species in Nagawicka Lake, has ability to sequester phosphorus in the Lake.

Research in Europe has found that although marl lakes are resistant to phosphorus enrichment and
eutrophication, the bottom-dwelling species of algae that promote marl production can be sensitive to
long-term phosphorus enrichment. Decreased water clarity associated with higher phosphorus
concentrations can decrease the depth to which bottom dwelling algae can grow, in turn decreasing the
extent of marl-precipitating algae near the lake bottom. Less marl precipitation increases overall dissolved
phosphorus in the lake which in turn fosters higher abundance of free-floating algal species. This further
decreases water clarity, forming a self-reinforcing negative loop that eventually destabilizes the beneficial
marl formation process. Some formerly clear European marl lakes that had successfully buffered heavy,
long-term external phosphorus loads went through rapid change after the lake’s buffering capacity was
exceeded and are now eutrophic lakes with low water clarity.61 This illustrates how the algae-based
phosphorus sequestration process is vulnerable to excessive long-term high phosphorus loads,
demonstrating the importance of reducing external phosphorus loads to lakes and maintaining healthy
native aquatic plant communities. Phosphorus sequestration may be able to be enhanced if water clarity
improves, reinforcing this beneficial process.

Marl formation/phosphorus co-precipitation depends upon continued discharge of mineral-rich
groundwater to springs and seeps on the Lake bottom. If the supply of groundwater is reduced, the vigor
of hardwater algae is reduced, compromising the phosphorus sequestration cycle. Therefore, the Lake’s

60Garn,

op. cit., 2006.
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groundwater supply must be protected to ensure that phosphorus sequestration remains active if
sequestration is, in fact, occurring.

In Wisconsin, phosphorus is sequestered in lake-bottom sediment with calcite (as described above) or with
iron. Unlike calcium minerals, iron-bound phosphorus is sensitive to the concentration of oxygen in adjacent
water. Under low oxygen conditions, iron-bound phosphorus minerals dissolve and release plant-available
phosphorus to the water column. This source of phosphorus, an important component of what is commonly
referred to as internal loading, can be a significant contributor to the total phosphorus available to algae in
lakes, especially in lakes that have fewer sources of external phosphorus during the growing season. For
this reason, the presence of anoxic water can profoundly influence the nutrient dynamics of certain lakes.

Internal Loading
Phosphorus, under oxygenated conditions, is tightly bound to solids and large amounts of phosphorus are
commonly found in lake-bottom sediment. However, when oxygen is absent, geochemical reactions can
occur that release phosphorus from the bottom sediment into the water column. The amount of sediment
exposed to anoxic water is controlled by the shape of the lake basin. For example, even though two lakes
may have equivalent maximum depths, a lake with broad shallow areas and a small deep hole has less deep
water bottom sediment area when compared to a lake of similar maximum depth that is deep over most of
its extent. Since sediment exposed to anoxic water can release phosphorus into the water column, lakes
with more deep water sediment area are more susceptible to significant phosphorus internal loading.
Moderate depth/size stratified lakes are among the most prone to internal phosphorus loading. Such lakes
lack large water volumes, and, hence, have comparatively little stored oxygen in the hypolimnion, making
them prone to anoxia.

Water chemistry, lake type, and bathymetry information yield crosslinking evidence that Nagawicka Lake
occasionally supports conditions that favor internal phosphorus loading as shown in Table 2.12. Before the
year 2000, waters below about 36 feet contained little to no oxygen by August. Since 2000, waters below
71 feet contain little to no oxygen during August. Before 2000, waters below 40 feet were largely anoxic by
September. Since 2000, anoxic water was generally encountered during September substantially deeper
(i.e., 49 feet). The composition of Lake-bottom sediments in deeper portions of the Lake is likely to be
predominantly a flocculent organic silt. a sediment type that commonly contains significant concentrations
of phosphorus.
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Internal phosphorus mass loading attributable to dissolution from seasonally anoxic bottom sediment can
be estimated using whole-lake total phosphorus water concentrations determined during fully mixed
conditions occurring during or shortly after spring turnover (Figure 2.39), from lake water samples collected
from the hypolimnion during the stratified conditions occurring in summer (Table 2.11), and assuming that
little mixing between the epilimnion and hypolimnion occurs after the Lake stratifies. As was discussed in
earlier in this section, the volume of anoxic water and area of lake bottom exposed to anoxic water during
summer is much reduced. The available data suggests that improving water quality has decreased the mass
of phosphorus contributed during summer (June, July, and August) by 98 percent.62

Phosphorus released to the hypolimnion is not directly available to most algae growing in a lake, since little
sunlight penetrates to these depths. Even though the thermocline is a barrier to circulation, it is imperfect
and some phosphorus can migrate to shallower areas. For this reason, the highest levels of algal productivity
are often found just above the thermocline in lakes with phosphorus internal loading. Mixing caused by
wind and/or seasonal turnover can cause large concentrations of phosphorus from the hypolimnion to
suddenly mix with surface water. This can lead to algal blooms. With the significant reduction in internal
loading documented by water chemistry data, the chance of sudden algal blooms stemming from internally
loaded phosphorus is significantly reduced.
Bark River and Lake-Direct Drainage
A variety of organizations quantified phosphorus concentrations in the Upper Bark River over the years.
Local organizations collected information at several locations and found that phosphorus concentrations
along the surveyed section of the Bark River average 0.11mg/L. This exceeds the Chapter NR 102.06
phosphorus limit for streams and rivers of 0.075 mg/L. On average, this limit was exceeded at two
monitoring sites, the 1st Site - Bark River site and the 4th site - Nagawicka Road (Figure 2.41, Map 2.20).
The Nagawicka Road site had both the highest and the lowest total phosphorus values in 2003, with a low
of 0.02mg/L in November and a high of 0.59 mg/L in May revealing large seasonal variation.

The USGS monitored the mass of phosphorus transported by the Bark River a short distance upstream of
its mouth in Lake Nagawicka for nearly four years. Trends in this data set can be evaluated and compared

62Water

quality data collected before the year 2000 suggests that approximately 2,700 pounds of phosphorus were
contributed to the Lake by internal loading through August. Data collected after 2000 suggest that only 48 pounds of
phosphorus are contributed to the Lake by internal loading through August. This reduction in summer phosphorus loading
is equivalent to the annual mass of phosphorus contributed to the Lake by the Upper Bark River as quantified by the U. S.
Geological Survey.
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to the Bark River’s flow in Figure 2.42. As can be seen from this data, the Bark River delivers comparatively
little phosphorus to the Lake during most days. During such periods, the Bark River contributed between
0.8 and 1.4 pounds of phosphorus to the Lake per day. To put this in perspective, one small bag of lawn
starter contains nearly four pounds of phosphorus.

Although the Bark River contributes little phosphorus to the Lake much of the time, it becomes a significant
source to the Lake during periods of heavy runoff (see Figure 2.42). Phosphorus is tightly bound to soil
particles. During periods of heavy runoff, soil is eroded, the River becomes turbid, and phosphorus transport
rates greatly increase. During the monitoring period, half of the total phosphorus load transported by the
Bark River occurred during about 10 per cent of the days. During such days, the Bark River transports
between 14-1/2 and 109 pounds of phosphorus to the Lake per day.

Most of the Bark River’s total phosphorus load for the monitoring period occurred during well-defined
multi-week time blocks. During such periods, precipitation, soil conditions, cropping practices, and other
factors conspired enabling erosion and transport of sediment and phosphorus to streams. For example,
over 2,200 pounds of phosphorus (well over 20 per cent of the total phosphorus transported by the Bark
River during the entire 47-month study period) occurred over a 2-month period (mid-May to mid-July 2004).
This equates to an average daily phosphorus transport value of over 36 pounds per day during the twomonth period. Three or four other similar periods likely account for the majority of the phosphorus delivered
to the Lake. These periods occurred during all seasons.

Based upon the available data, the Bark River has a 50 per cent chance of delivering equal to or less than
3-1/2 pounds of phosphorus per day. The River’s daily phosphorus load has a 5 percent chance of being
less than 1 pound, and a 5% chance of being greater than 26-1/2 pounds on any given day. Given that the
watershed upstream of the point of measurement covers 35.9 square miles, the median phosphorus yield
for the Upper Bark River is about 0.1 pounds per square mile (Table 2.13).

The USGS collected samples to quantify the phosphorus loading contributed by the Lake direct drainage
watersheds, values that can be used to contrast phosphorus yield to the . This study demonstrates that the
relatively undeveloped area to the southwest of the Lake (Subbasin 9) yields the least phosphorus per acre
of all the Lake direct drainage subbasins. It should be noted that the Bark River’s median phosphorus yield
is similar to Subbasin 9. The highly developed areas in Subbasins 7, 8, 10, and 11 yield nearly ten times more
phosphorus per acre. The high phosphorus yields of these areas, coupled with their close proximity to the
Lake, make these areas a focus of attention, and a target for actions that reduce Lake phosphorus loads.
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Alkalinity
Alkalinity is a measure of water’s ability to neutralize acid. Lakes in Southeastern Wisconsin are generally
well buffered by highly alkaline water. In the Region, alkalinity correlates with water hardness, and is
therefore correlated with marl precipitation and phosphorus sequestration. Rainwater is essentially devoid
of alkalinity, and most alkalinity is derived from dissolution of minerals in sediments. For this reason,
groundwater is the major source of alkalinity to most lakes and rivers in Southeastern Wisconsin, and
groundwater along with native aquatic plants drive the phosphorus sequestration

Alkalinity values measured from water samples collected from the Lake are plotted over time in Figure 2.42a.
As can be seen from this graph, alkalinity values in the Lake are slowly declining, a situation that could
eventually compromise the Lake’s extremely important phosphorus sequestration capacity. The reason for
this decline are not clear, but may likely be related to reduced volumes of groundwater entering the Lake.
Large volumes of groundwater are now exported out of the Lake’s watershed to the DelaHart wastewater
treatment plant, effectively reducing the mass of groundwater-sourced minerals contributing to the Lake’s
alkalinity. This underscores the vital importance of maintaining, or better yet enhancing, the volume of
groundwater entering Nagawicka Lake and its tributary streams.

Trophic State
Trophic state index equations are used to convert summer water clarity, chlorophyll-a, and phosphorus
concentration to a common measurement unit used to assess the overall productivity of a lake and allow
lake-specific information to be compared and contrasted to other lakes.63 TSI values based upon
chlorophyll-a are considered the most reliable estimators of lake trophic status. During the past five years,
chlorophyll-a values have been very consistent, generating an average TSI value of 45 (see Figure 2.35). This
places Nagawicka Lake in the center of the range defining a lake as mesotrophic, and defines it as a twostory lake community exhibiting “good” condition.64 Chlorophyll-a values have slowly declined throughout
the period of available record, suggesting that the Lake is gradually returning to a condition more
representative of its natural, less nutrient rich, state.65 Secchi depth (water clarity) TSI values have also been

63Lillie,

R. A., S. Graham, and P. Rasmussen, Trophic State Index Equations and Regional Predictive Equations for
Wisconsin Lakes, Research Management Findings, Number 35, Bureau of Research – Wisconsin Department of Natural
Resources, May 1993.
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Wisconsin Department of Natural Resources, Wisconsin 2014 Consolidated Assessment and Listing Methodology
(WisCALM) Clean Water Act Section 305(b), 314, and 303(d) Integrated Reporting, op cit.
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2004 WDNR study of diatoms in Nagawicka Lake’s bottom sediment suggests that the Lake was an oligo-mesotrophic
lake before European settlement. More information can be found in the full report: Garrison, op. cit., 2004.
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declining for the entire period of record. This is logical, since lower chlorophyll-a values generally
correspond with clearer water.

Phosphorus TSI values were very high in the 1970’s with values indicating eutrophic to hypereutrophic lake
conditions and suggesting a high potential for algal blooms and undesirable lake health. Wastewater
treatment plant effluent was diverted from the Lake in 1980. Unfortunately, no lake water phosphorus
information is available for the period immediately after diversion. However, by the early 1990’s, phosphorus
TSI was commonly reduced to values within the mesotrophic category. Phosphorus TSI values have
fluctuated over time, but most commonly were indicative of mesotrophic Lake conditions.

Throughout the period of record, phosphorus TSI values generally exceed both water clarity-based and
chlorophyll-a-based TSI values. Furthermore, available data strongly suggests that phosphorus TSI values
are slowly creeping higher, a situation contradicting the improving Lake conditions suggested by the
chlorophyll-a and secchi depth TSIs. This situation causes the phosphorus-based TSI divergence to be
increasingly prominent. This divergence is particularly pronounced since the year 2000 and could be related
to the Lake’s infestation with zebra mussels.66 The mussels filter feed, removing algae and other particles
from the water column, clearing the water and producing higher than expected secchi values. At the same
time, the mussels excrete phosphorus as part of their digestion process, potentially increasing lake water
phosphorus concentrations. This slow rise in phosphorus TSI should be monitored, since phosphorus
concentrations are the nutrient limiting algal growth in the lake. If the rise in phosphorus continues,
undesirable and tangible changes to apparent Lake health could become apparent.

Sediment
Accumulation Rate
As part of the natural aging process, lake basins gradually fill with sediment. This sediment is derived from
four primary sources, as described below.

 Sediment carried from external sources to a lake by moving water. Much of the sediment carried
to lake basins by moving water is comprised of inorganic materials such as sand, silt, and clay.
Tributaries are the primary source of such sediment to most lakes, but general overland flow and
shoreline erosion can also be significant contributors to a lake’s overall sediment load in some cases.
Lakes with large watersheds, significant land and shoreline disturbance, and large expanses of

66Zebra

mussels were verified to exist in Nagawicka Lake during 1998.
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quiescent water can accumulate large amounts of sediment each year. Coarser-grained sediments
(i.e., silt, sand, and gravel) are commonly deposited near the point where moving water enters a lake.
Therefore, areas well offshore or otherwise distant from moving water sediment sources are only
likely to accumulate clay-size sediment. The actual amount of sediment entering lake basins is highly
dependent on lake- and watershed-specific factors, and is therefore highly variable.

 Sediment carried to lakes by wind. Significant amounts of sediment can be deposited into lakes
from the atmosphere. Lakes in Southeastern Wisconsin commonly receive roughly 200 pounds per
acre of sediment from atmospheric fallout.

 Sediment formed by geochemical processes within a lake. In most Southeastern Wisconsin lakes,
groundwater entering the lake is “hard” and is rich in carbonate minerals. These minerals precipitate
once in a lake, a process that is promoted by biochemical processes associated with photosynthesis.
The carbonate minerals precipitated from lake water often co-precipitate phosphorus, and the
mixture of carbonate and phosphate minerals that settles to the lake bottom is often termed “marl”.
Marl deposits are common in Southeastern Wisconsin lakes that enjoy abundant groundwater
discharge. The amount of marl deposited in lakes is extremely variable.

 Sediment originating in a lake comprised of dead plants and animals. All aquatic plants, algae,
diatoms, fish, and other aquatic life eventually die and settle to the lake bottom. When the supply of
such material exceeds the ability for material to be decomposed and removed from the lake bottom,
organic deposits form. These deposits are commonly termed muck or peat. Muck is deposited
throughout lake basins while peat is general confined to riparian wetlands. The amount of these
materials deposited within lakes is highly variable and is highly dependent upon the level of lake
nutrient enrichment.

A study of Nagawicka Lake’s sediment reported that the Lake has one of the higher post-settlement
sedimentation rates, with an average sedimentation rate of 6,000 tons per year over the past 150 years.67
The sedimentation rate prior to European settlement was approximately 1,300 tons per year, a rate that
inexorably increased through the late 1970s. Between the early 1980s and early 2000s, the sedimentation
rate was relatively stable, averaging approximately is approximately 5,600 tons per year, a value over four
times higher than natural conditions. Using this total and the proportion of substances found in Lake-

67Garrison,

op. cit.

PRELIMINARY DRAFT
This draft does not address comments that will be provided by the Lake Welfare Committee and by the
Wisconsin Department of Natural Resources following their reviews of the draft.

67

bottom sediment, approximately one-third of this sediment (roughly 1,800 tons) is attributable to in-Lake
geochemical processes, one-tenth (roughly 560 tons) is attributable to accumulating organic matter, and
the remainder (roughly 3,200 tons) is related to mineral soils deposited in the Lake from external sources.

Other approaches can be used to estimate Lake sedimentation rates. Using multiple methods to evaluate
lake sedimentation helps determine if the results are reasonable. One approach uses a USGS estimate of
externally sourced phosphorus retained in the Lake, and typical phosphorus content of lake sediments (0.1
percent) to estimate the volume of sediment retained in the Lake each year.68 Using these values,
approximately 2,200 tons of externally sourced sediment are deposited in Nagawicka Lake each year, a
value that is in the same general range as values derived from the sediment core analyses described in the
preceding paragraph.69

Another way to evaluate sediment loads delivered to the Lake considers quantitative data collected in the
Region. Using available data, The magnitude of several of the phosphorus loads to the Lake can be
estimated.

 The Upper Bark River is by far the largest tributary to Nagawicka Lake, and is undoubtedly the
largest single contributor of externally sourced sediment to the Lake. Most of this sediment would
tend to accumulate as a delta at the point where the flowing waters of the River enters the quiescent
waters of the Lake. The U SGS monitored the daily suspended sediment load of the Bark River a short
distance upstream of the Lake between 2002 and 2004. This study determined that the Bark River
delivered an average of approximately 1,000 tons of suspended sediment per year over the study
period. However, most sediment is delivered in discrete pulses separated by periods where the River
transports little sediment. This is illustrated by the fact that over two-thirds of the sediment delivered
by the River occurred over less than 5 months of the entire 24 month period of record. Moreover,
while the average River sediment load is slightly less than 3 tons per day, less than 1.3 tons of
sediment were delivered to the Lake during more than 50 percent of the study period days.

 The Lake-direct watershed, while much smaller than the Bark River watershed, is much more
urbanized and is a more intensive source of pollutants. Based upon phosphorus loads determined as

68Bojakowska,

Izabella, Phosphorus in Lake Sediments of Poland – Results of Monitoring and Research, Limnological
Review, Volume 16, 2016.
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of actual Lake bottom sediment would be needed to refine this estimate. Therefore, this value is suggested to
be used only to corroborate the values determined by the sediment core study.
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part of the USGS study, the Lake-direct watershed likely delivers two-thirds the amount of suspended
sediment to the Lake when compared to the entire Bark River watershed.70 This means that the Lakedirect watershed may have contributed approximately 700 tons of sediment per year during the
2002-2004 study period.

 Atmospheric sediment deposition can be estimated from regional averages. Approximately 95 tons
of sediment are deposited into the Lake per year from the atmosphere.

Adding these three sources suggests that at least 1,800 tons of externally sourced sediment settles to the
Lake bottom each year. This total does not include stream bedload and lakeshore erosion, both of which
likely contribute large masses of sediment to the Lake each year.

Distribution
Much of the Upper Bark River’s sediment load would tend to settle out at the River’s mouth in the northeast
portion of the Lake. The Bark River currently delivers approximately 1,000 tons of suspended sediment to
Nagawicka Lake per year. Assuming that a cubic yard of deposited sediment has a similar density to sand,
this sedimentation rate equates to amounts to a volume of roughly 700 cubic yards per year. This does not
include coarse-grained bedload sediment, which would substantially increase the mass of sediment
delivered to the Lake each year.
Comparing 1955 and 2013 bathymetric maps reveals that, over time, Lake water depths became appreciably
shallower in a twenty acre area adjacent to the mouth of the Upper Bark River. If one assumes that 700
cubic yards of suspended sediment were deposited each year over this entire area between 1955 and 2013,
and that the River’s granular bedload contributed a similar volume of sediment, water depth in the area
would have decreased by an average of over two feet. In actuality, sediment deposition depths would be
greatest near the River’s mouth, gradually decreasing with increasing distance from the River. By comparing
USGS bathymetric measurements from 2006 to those taken in 2013 by Mapping Specialists, it appears that
much of this sediment is accumulating near the center of the inlet surrounding the area currently outlined
by hazard buoys.

SEWRPC staff measured sediment depth and composition throughout the nearshore areas of the Lake
during 1999, 2000, and 2016. The results of the 1999 and 2000 surveys were combined and mapped (see

70Phosphorus

concentrations are typically directly linked to sediment concentrations, therefore the inverse can be used to
approximate suspended sediment loads from phosphorus concentrations.
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Map 2.21). The 2016 survey (Map 2.22) reveals a slight (i.e., 1.6 inch) increase in average sediment depth
while the average water depth decreased 1.0 inch from 1999/2000 to 2016. A more detailed examination of
the channels (Figure 2.43) shows that in certain areas, sediment depths have decreased, and that average
sediment depth in the channels has increased only slightly, from 18.2 inches in 1999 and 2000 to 18.7 inches
in 2016 (Table 2.14).

Figures 2.44 and 2.45 compare the 2000 average sediment and water depths with those measured during
2016 at various areas around the Lake. Due to variations in methodology, these measurements are inexact,
but they do demonstrate the effectiveness of dredging projects undertaken throughout the Lake (Map 2.23).

The success of the 2013 dredging projects is also evidenced by changes in water depth between 2011 and
2016 (Figure 2.46). Overall water depths increased within the channels dredged near the mouth of the Upper
Bark River and within Zastrow’s Bay.

Composition
Sediment composition was estimated as part of the aquatic plant survey conducted in 2016. Of the 631
points surveyed, 52 percent were muck or flocculent sediment, 45 percent were sand, and 3 percent were
rock or gravel. The results of this survey are presented in Figure 2.47.

High Priority Management Implications
As a stratified, deep drainage lake,71 Nagawicka Lake receives abundant runoff and inflow from the Bark
River, which delivers externally-sourced phosphorus to the Lake. The available data strongly suggests that
phosphorus delivered to the Lake by runoff, streams, and rivers is the leading contributor to the overall
phosphorus supply. Additionally, the Lake-direct drainage areas contribute the most phosphorus to the
Lake on an acre-by-acre basis. Therefore, management actions in the area immediately surrounding the
Lake have the highest potential for incrementally reducing the mass of phosphorus reaching the Lake, but
actions anywhere in the watershed that reduce phosphorus loading to the Lake are beneficial.

Because of hard water and the types of aquatic plants found Lake Nagawicka, the Lake has an outstanding
ability to absorb phosphorus and precipitate it to the Lake bottom. This very important feature maintains
the Lake’s health by reducing the potential for undesirable algal blooms. The Lake’s phosphorus
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Wisconsin Department of Natural Resources, Wisconsin 2014 Consolidated Assessment and Listing Methodology
(WisCALM) Clean Water Act Section 305(b), 314, and 303(d) Integrated Reporting, op cit.
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sequestration process is highly dependent upon ample groundwater discharge, clear water, and abundant
chara growth. Therefore, these three factors should be prime management concerns.

Available information suggests that internal phosphorus loading and/or phosphorus recycling may also
contribute to summer phosphorus concentrations. Phosphorus internal loading and recycling is a problem
in many lakes. Many approaches have been developed to help mitigate its effects on water quality. To be
truly effective and long lasting, any effort to reduce phosphorus internal loading must be predicated by, or
be accompanied with, efforts that permanently reduce and control external phosphorus loading. If a lake
receives heavy phosphorus inputs from its watershed or point sources, any improvement in lake health from
internal load/recycling reduction efforts will be short lived.

Plant Harvesting
A considerable mass of phosphorus can be removed from a lake by aquatic plant harvesting. In some lakes,
plant harvesting removes enough phosphorus to tangibly reduce lake phosphorus loads. Plant harvesting
is already underway in the Lake for navigation purposes. Terminating aquatic plants with herbicides does
not remove phosphorus from lakes, and instead can contribute to higher dissolved phosphorus
concentrations which in turn can cause algal blooms and reduce the phosphorus sequestration process. For
this reason, aquatic plant harvesting should always be favored over herbicide applications.
Watershed Sourced Loads and Inventory
Different land uses can contribute different types of pollution to a lake. Though it is normal for some
sediment and nutrients to enter a lake from the surrounding lands (contributing to the natural lake aging
process), it becomes an issue of concern when people introduce pollutants (such as heavy metals, fertilizers,
and oils) which would not have otherwise entered the system. Sediment and nutrient loads can greatly
increase when land is disturbed through tilling and construction, which causes soils to loosen, erode, and
eventually enter streams and lakes.

To estimate the amount of pollutants entering the lake historical (1963) land use was used for baseline
conditions, current (2010) land use, and planned (2050) land use information were also used for the
watershed as a whole, and separated by sub-basin. This data was quantified and incorporated into two
separate models in order to calculate pollutant loadings.72 Pollutant loading characteristics are described
below.

72
The calculations for nonpoint source phosphorus, suspended solids, and urban-derived metal inputs to Nagawicka were
estimated using either the Wisconsin Lake Model Spreadsheet (WiLMS version 3.3.18), or the unit area load-based (UAL)
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Simulated Loads
Land use data was used within a unit area load-based (UAL) model to estimate past, present, and near-term
future pollutant loadings (sediment, phosphorus, copper, and zinc, which could potentially be entering the
Lake,73) as summarized in Table 2.15. These calculations assume that urban land use is the only significant
source of heavy metals. Heavy metals monitoring has not occurred within the Lake. However, urban areas
should be targeted if heavy metals become an issue within the Lake in the future.

Compared to pre-settlement conditions, significantly more sediment, nutrients, and other pollutants now
reach Nagawicka Lake. This is due to conversion of forests to agricultural and urban land use. These changes
are estimated to have resulted in total phosphorus loads reaching the Lake that are about nine times the
loads under presettlement conditions. Similarly sediment loads are about 16 times the presettlement loads.

In 1963, the UAL estimates that 4,793 tons of sediment and 18,744 pounds of phosphorus per year were
entering the Lake from nonpoint source runoff. In addition, the Delahart wastewater treatment plant was
contributing an additional 8,000 pounds of phosphorus per year as determined in 1974 by the USEPA.74

The UAL model suggests that, under year 2010 land use conditions, 2,986 tons of sediment and 12,521
pounds of phosphorus are delivered to Nagawicka Lake from surface runoff, with agricultural land uses
contributing about 67 percent of the sediment and about 61 percent of the phosphorus reaching Nagawicka
Lake. This is a 60 percent reduction in sediment and a 68 percent reduction in phosphorus compared to
1963 conditions. Map 2.24 shows the areas in the watershed with the highest phosphorus runoff, according
the phosphorus loadings predicted by the UAL model. The phosphorus loading by sub-basin is shown in
Figure 2.48. According to the UAL model, the Nagawicka-6 sub-basin has the highest phosphorus loading
per acre, due to its high percentage of agricultural land.

Under planned 2050 conditions, agricultural lands will be converted to urban land use, and the overall mass
of sediment and phosphorus from agricultural land that is delivered to Nagawicka Lake will decrease by
about 37 percent and 26 percent, respectively. With proactive and aggressive pursuit of runoff water quality

model developed for use within the Southeastern Wisconsin Region. These two models operate on the general principal
that a given land use will produce a typical mass of pollutants on an annual basis.
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Ibid.

Report on Nagawicka Lake, EPA Region V Working Paper No. 43. U.S. Environmental Protection Agency. National
Eutrophication Survey. 1974.
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measures, sediment and phosphorus loading to the Lake can be further reduced. Practices to reduce urban
loading are addressed in more detail in Chapter III.

The Wisconsin Lake Model Suite (WiLMS) can also be used to estimate phosphorus loading to the Lake.
Similar to the approach employed by the UAL model, land use, hydrologic, and watershed area information
are used to estimate the total flux of phosphorus to a lake during a typical year.75 The WiLMS model
produces a range of probable phosphorus load values (low, most likely, and high). Load estimates are then
used to predict water quality in the receiving lake using several regression equations. The regression
equations have been designed to fit a variety of lake types. For example, some are designed for reservoirs,
some for deep lakes, while others are general lake models.
Load Comparison
For 2010 land use conditions, the WiLMS model predicts between 7,357 and 21,774 pounds of phosphorus
could be delivered to Nagawicka Lake per year. The middle-range value of 13,634 pounds predicted by the
WiLMS model essentially matches closely the 12,521 pounds estimated by the UAL model. However, the
WDNR’s Pollutant Load Estimation Tool (PRESTO Lite) estimates that the amount of phosphorus entering
the lake per year falls somewhere between 1,626 and 8,218 pounds.76 This agrees closely with daily
measurements taken by the USGS from October of 2002 to September of 2006 that indicate that an average
of seven pounds of phosphorus is delivered per day to Nagawicka Lake, amounting to an average of 2,559
pounds per year. The phosphorus load fluctuates along with the average daily flow of the River (Figure 2.42).

The USGS has found that models tend to over-predict loading for calcareous lakes, and would suggest that
the low range values for WiLMS may better portray conditions in the watershed. Therefore, the low range
values were also used to predict present and future water quality of the Lake.

75 These models do not account for groundwater influx and exit from the lake. Models can be manipulated to include this
variable if sufficient interest is expressed by lake users and managers as part of a future study. Groundwater is a very
important component of the water budget of Nagawicka Lake. Including groundwater in future models may not necessarily
improve the accuracy of the models, but will account for and potentially eliminate a currently untested variable from the
simulation process.
76
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Using the low-range loading estimates for the reason discussed above, the Walker Reservoir regressionbased model used for the USGS study best fits observed conditions in Nagawicka Lake.77,78 However, the
model predicts growing season mean phosphorus values of 29 µg/L, a value which is 2.1 times higher than
the average observed value of 14 µg/L. The USGS study on Nagawicka Lake found that their models
consistently over predicted phosphorus by a factor of 2.2,79 a discrepancy which is likely due to the coprecipitation of phosphorus with calcite and the sequestration of phosphorus in deep sediments. It is also
possible that external loading may have high amounts of non-available phosphorus.
The regression models that best predicted observed growing season mean phosphorus values were next
used to predict water quality of the Lake under planned 2050 land use conditions. The Walker Reservoir
Model predicts a slight decrease (1 µg/L) in Nagawicka Lake’s growing season mean phosphorus
concentrations under the 2035 planned land use conditions analyzed by the USGS. These estimates suggest
that planned 2050 land use conditions will not significantly change summer phosphorus concentrations in
the Lake on their own. It must be noted that these predictions are based solely on watershed conditions,
and do not include factors such as changes to rough fish control, revised shoreline and agricultural practices,
aquatic plant harvesting, and other management tools. If a stringent set of stormwater water quality
practices is required for new, there is a chance to decrease phosphorus loading to the Lake, even with the
additional development. This can be further reinforced through widespread use of residential, agricultural,
and open land best management practices.

Year 2050 planned land use for Nagawicka Lake are shown on Map 2.16.80 A moderate portion of
agricultural land is planned to be developed around Nagawicka Lake. As summarized in Table 2.7,
agricultural land uses within the adjusted Nagawicka Lake watershed are expected to decrease from about
23 percent of the land area in 2010, to about 10 percent of the land area in 2050. The anticipated land use
changes would involve conversion of agricultural and open lands to urban, largely residential, uses. Table
2.15 indicates the possibility of modest reductions in annual sediment and phosphorus loads due primarily
to planned land use changes between 2010 and 2050, and increases in heavy metals contributed by urban
land uses. There is also a potential for transient increased sediment pollution related to erosion during

77 Walker, W. W., Jr., Statistical Bases from Mean Chlorophyll-a Criteria, In Lake and Reservoir Management: Practical
Applications, North American Lake Management Society, pages 57-62, 1985.

Larsen, D. P and H. T. Mercier, Phosphorus Retention Capacity of Lakes, Journal of the Fisheries Research Board of
Canada, Volume 33, pages 1742-1750, 1976.
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Garn, op. cit., 2006.
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construction associated with the conversion of land from agricultural to residential uses. Consequently,
recommendations to mitigate these risks and ensure the health of the Lake are included in Chapter III.

Finally, some of the northeastern watershed areas are outside of the planned sewer service area. Without
proper maintenance, septic systems can malfunction possibly causing bacterial contamination and
increased phosphorus loadings to the Lake and the groundwater. Therefore, management of current
systems and any new systems is discussed in Chapter III of this report.

Priority Sources/lake and stream inventory
SEWRPC staff conducted field inventories from July to October 2016 on both Nagawicka Lake (see Map
2.25) and the Bark River from the confluence of the Lake upstream to the Merton Millpond (approximately
8.5 linear stream miles, see Map 2.26) to quantitatively and qualitatively characterize aquatic plants (see
section “2.4 Aquatic Plant Management” below for more details), sediment depth and composition, water
depths, lake shoreline and streambank conditions, riparian buffers, and other features such as stormwater
outfalls, trash and debris, and channel obstructions/navigational hazards. Efforts were focused on
identifying potential project sites or areas for improving the water quality and ecology of Nagawicka Lake
and the Bark River. Where appropriate, features were located using a handheld GPS device and
photographed as documented in Appendix A.

Lake Shoreline Conditions
Many property owners abutting Nagawicka Lake are concerned with jointly maintaining the Lake’s
shorelines, recreational use, and aesthetic appeal without jeopardizing Lake health. This issue of concern is
further emphasized by the fact that water quality, sedimentation, and aquatic plant growth can all be
affected by shoreline maintenance practices.

Before discussing shoreline characteristics, it is important to understand the difference between two terms:
shoreline protection and buffers.

 Shoreline protection encompasses various measures – engineered or natural – that shield the
immediate shoreline (water-land interface) against the erosive forces of wave action.

 Buffers are areas of plant growth – engineered or natural – in the riparian zone (lands immediately
back from the shoreline) that trap sediment and nutrients emanating from upland and nearshore
erosion (buffers were described in detail earlier in this report).
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When it comes to shoreline protection, several engineered options are available to home owners. Most are
installed to check erosive forces, check shoreline recession, and reduce soil loss to a lake, and oftentimes to
provide a “finished” or “manicured” appearance to developed lots. These structures include:

 “Bulkheads”, where a solid, vertical wall of some material, such as poured concrete, steel, or timber,
is erected;

 “Revetments”, where a solid, sloping asphalt or concrete wall is used; and,

 “Riprap”, where rocks and/or stones are placed along the shoreline.

Figure 2.49 presents examples of several shoreline protection techniques. All of these require permits from
WDNR to construct.

It must be emphasized that, in certain cases, shoreline protection does not have to rely on artificial,
engineered structures. Many types of natural shorelines offer substantial protection against erosive force.
For example, boulders and rock cliffs function as natural rip-rap or bulkheads. Additionally, wetlands and
areas of exposed cattail stalks and lily pads effectively reduce shoreline erosion by dissipating and absorbing
wave energy.

“Hard” engineered seawalls of stone, riprap, concrete, timbers, and steel, once considered “state-of-the-art”
shoreline protection, are now recognized as only one solution to protect and restore a lake’s water quality,
wildlife, recreational opportunities, and scenic beauty. Indeed, evidence suggests that, in some cases, the
inability of hard shorelines to absorb wave energy increases wave energy in other portions of a lake since
wave energy is reflected back into the lake.

More recently, “soft” shoreline protection techniques, referred to as “vegetative shoreline protection” (see
Figure 2.51), involving a combination of materials, including native plantings, are increasingly required
pursuant to Chapter NR 328, “Shore Erosion Control Structures In Navigable Waterways,” of the Wisconsin
Administrative Code. Vegetative shoreline protection is becoming more popular as people living along lakes
and streams become increasingly aware of the value of protecting their shorelines, improving their view
and overall aesthetic appeal, and promoting natural and nature-like habitat for wildlife. Additionally,
shorelines protected with vegetation help shield a lake from both land-based and shoreline pollution and
sediment deposition.
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Given the benefits of “soft” shoreline protection measures, the WDNR no longer permits construction of
new “hard” structures in lakes that do not have extensive wave action threatening the shoreline. However,
existing structures may be repaired. Consequently, the recommendations in this plan related to shoreline
restoration focus on “soft” measures (see Figure 2.51), including native planting, maintenance of aquatic
plants along shorelines, and use of “bio-logs”. Beach areas, which legally need to be made from pea gravel,81
are considered as a separate category. Placing pea gravel may be permitted; however, this must be
evaluated by WDNR on a case-by-case basis.

The results of the Nagawicka Lake shoreline survey are shown on Map 2.25, an examination of which has
revealed several important observations:

 Areas of shoreline erosion were scattered around the Lake, but were most prevalent on the eastern
shore, which could coincide with prevailing wind conditions and wave action.
 Purple loosestrife grew in greatest abundance in the northern kettle, although it was also found
sporadically along the southwestern and western shorelines.

 Fallen trees (considered a positive habitat feature) were concentrated on the western shore,
particularly in the western channels. However, some fallen trees were also scattered along the eastern
shore. Nonetheless, large woody structure was largely lacking from the nearshore areas of this Lake.

 Shorelines buffered by vegetation were most common along the northern and northwestern shores
of Nagawicka Lake. Very little of the eastern, southern and southwestern shores contained vegetative
buffers.

 The greatest concentration of natural shoreline was in the northern kettle. The area is designated as
a primary environment corridor (see Map 2.18), and is also a natural area of countywide and/or
regional significance (see Map 2.19).

 The dominant form of shoreline protection, artificial or natural, was riprap; the only part of the
shoreline where riprap was sparse was in the northern kettle.

81WDNR

does not permit the use of sand because these materials quickly flow into a waterbody and contribute to the “fillin” of the Lake.
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 Unprotected shorelines (i.e., shoreline that is mowed to the edge and has no vegetative or engineered
shoreline protection) were scattered throughout Nagawicka Lake but were found most frequently
within the western channels.

 Bulkheads and revetments were uncommon forms of shoreline protection that were scattered around
Nagawicka Lake.

Given the desire of Lake users to promote long-term Lake health and the need to preserve recreational use
and aesthetics of the Lake, this plan includes project recommendations for Lake Nagawicka’s shoreline in
Chapter 3 of this report.

Bark River Inventory
Streambank Erosion
Where active streambank erosion was observed, SEWRPC staff recorded information on bank height, length
of eroding bank, and depth of undercutting and photos were taken. Most of the streambanks within the
areas surveyed seemed stable and in generally good condition. In addition, the streambanks were generally
not excessively high and seemed well-connected to the adjacent floodplain. For example, average maximum
streambank height was 2.3 feet, but a few locations did exceed five feet in height (see Appendix A, Table
A.1). Hence, only about 0.5 mile (2,544 feet) of stream, or about 5.9 percent of the total 8.5 miles assessed,
was observed to be potentially actively eroding as shown on Map A.1 in Appendix A. These sites occur
throughout the entire length of the Bark River, but the majority of the sites are located within sub-basin 5.
Within this sub-basin, the River is less meandered probably due to channelization in the past, is less buffered
by natural vegetation due to encroachment of urban development, and contains a more restrictive
floodplain. In contrast, the other reaches of the Bark River that contain fewer actively eroding sites are
located within sub-basins 2, 4, and 6. Within these sub-basins, the Bark River contains much more extensive
riparian buffers (see “Riparian Corridor Condition” section below for more details) and is much more highly
meandered. A highly meandering stream channel and well-connected floodplain function to dissipate
erosive water velocities during high flow conditions. In other words, erosion is an artifact of channelization
which increases channel slope and decreases floodplain connectivity, creating the conditions for
streambank erosion that will continue without intervention. Intervention in this case can range from
remeandering the stream to its historic condition to two-stage channel design construction to slope
stabilization with bioengineering and/or selective hard armoring with riprap stone, where appropriate (see
Chapter 3 for more details). However, it is also important to note that urbanization is contributing excess
runoff to the River. Thus, best management practices that involve slow the flow of water to the Bark River
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and reduce the runoff volume will be needed. Such practices include wetland restorations/riparian buffers,
grassed waterways, and stormwater and green infrastructure BMPs in the urbanizing areas.

As described in section “2.1 Morphology and Hydrology” above, the reach of the Bark River downstream of
the Merton Millpond has a slope of about 0.0066 feet/feet (35 feet per mile) or lower, which is consistent
with a low gradient stream condition and the field observations of limited streambank erosion. Since lateral
recession rates were unknown and could not be determined, it was not possible to calculate a pollutant
load rate or the overall severity from among these potentially actively eroding locations. However, there
were a few sites that seemed more active than others sites and may be cause for concern as shown in Figure
A.1 in Appendix A, since this sediment is potentially contributing to the degradation of instream fisheries
habitat and to pollutant loads into the Bark River and Nagawicka Lake. Therefore, this is an important issue
of concern and recommendations related to streambank stability are included in Chapter 3.

Streambank Protection
A total of 11 sites, all located within sub-basin 5 of the Nagawicka Lake watershed, contained streambank
protection (Map A.2 in Appendix A). The protection features generally fell into three categories: wall, riprap,
or sand bags (Figure 2.52). Approximately 365 feet of streambank were reinforced by walls, 285 feet were
reinforced with riprap, and 280 feet were reinforced with sandbags. It is important to note that sandbag
reinforcement may extend much farther. However, areas reinforced by bags were only recognizable if the
bags were partially exposed. Most of the protection features were in fair to good condition. There were a
few wall locations that were appearing to fail (Figure 2.53). Overall, the protection structures averaged
approximately 85 feet in length and were usually abut one to two feet high. Photos of all protection features
can be found in Appendix A.

Streambed Characteristics
A total of 131 sample points were recorded from Merton Millpond to Nagawicka Lake to characterize
substrate composition, water depth, and sediment depth in the Bark River (Maps A.3 through A.9 in
Appendix A). Approximately 53 percent of all areas sampled were composed of some mixture of sand,
gravel, and cobble (Figure 2.54 and Maps A.4 through A.6 in Appendix A). Cobble ranged from the size of
an apple to the size of a soccer ball. A few locations contained very large boulders approximately two feet
in diameter. The other 47 percent of the samples were composed of soft unconsolidated sediment (muck
and silt deposits) and were most often found in portions of the River that widened and were flowing through
a wetland area. Hence, these sediments may be native soils. The depth of sediment deposits averaged 1.3
feet and ranged from 0.2 feet (2.5 inches) up to 3.1 feet (Maps A.7 through A.9 in Appendix A). In most
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cases, if sediments were less than one foot deep, they were overlaying a rock and gravel bottom. The
thickest sediment deposits were found close to the inlet to Nagawicka Lake (Figure 2.55), which would be
expected since sediments will naturally deposit as water velocities decrease due to backwater conditions of
the Lake. Water depths generally increased from upstream to downstream, as shown in Figure 2.55, from
about 1.0 to 1.5 feet to 2.0 to 3.0, but there is considerable variability among the shallow riffle versus deeper
pool habitats along the stream course. However, the deepest habitats from 3.5 to 4.0 feet were located in
the downstream portion of this River just upstream of the confluence with Nagawicka Lake.

Stormwater Outfalls
Stormwater outfalls draining to the Bark River were documented to identify potential sources of pollution
and to identify structures in need of repair, replacement, or retrofit. A total of 20 outfalls were located. Most
of them were concentrated in sub-basin 5 (Map A.10 in Appendix A). Three were located within sub-basin
2 and none were located within the other three sub-basins along the Bark River.

A majority of the structures were found to be in good condition, with little cracking or erosion surrounding
them. Approximately 45 percent of the structures were constructed from corrugated steel, 30 percent were
made of concrete, and 20 percent were plastic (Figure 2.56). They ranged in diameter from 0.5 foot to 4.0
feet (Figure 2.57). One structure (C11) was very rusted and crumbling and could potentially be replaced
while another (C12) was cracked along the top (Figure 2.58). Photographs and more information on all the
stormwater outfalls located during the survey can be found in Appendix A.

Although these structures generally matched the locations of outfalls provided by each MS4 community
(see section “2.3.4 Pollution Mitigation Strategies” for more details), SEWRPC staff observed several outfalls
that were not previously recorded and may be important to investigate or verify in the Villages of Hartland
and Merton. More specifically, there were six outfalls (C10 through C15) in the Village of Hartland that were
not previously inventoried and three outfalls (C1 through C3) in the Village of Merton. Outfall C1, located
approximately 950 feet downstream of Merton Millpond and about 10 feet inland on the left (looking
downstream) bank, was particularly unique because it exhibited significant discharge at the time it was
observed (Figure 2.59).

Channel Obstructions
Large woody structure in the form of fallen trees and accumulation of branches and logs was documented
during the September 2016 Bark River survey. These features can provide food for many aquatic organisms
and can provide habitat for fish and wildlife. In addition, woody structure can help protect stream beds and
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banks from erosion by slowing water velocities and securing sediments in place during higher discharge
periods. However, locations of excessive build-up can impede navigation and recreational activities such as
kayaking.

Over 60 areas with fallen trees were documented (Map A.11 in Appendix A). Severity ranged from a single
tree fallen along a bank of the River (Figure 2.60A) to multiple clusters of trees and branches along a River
crossing (Figure 2.60B) to complete obstruction of navigation (Figure 2.60C).

Overall, 60 percent of the areas identified were a single fallen tree or a few branches collected along the
edge of the River. These areas did not impede recreation and may have provided habitat and shelter for
fish and other wildlife, and an important food source for aquatic organisms. Twenty percent of the areas
identified stretched almost completely across the width of the River, but still did not pose a recreational
blockage. Twenty percent of the areas identified were composed of many fallen trees with branches, twigs,
and sediment collecting against them. These areas may benefit from some cleaning or log removal to allow
for more recreational opportunities. However, if removal efforts are undertaken, some material should be
left to protect banks from erosion and to provide food and habitat.
There were two road crossings that appeared to have some degradation and an abandoned bridge crossing
still in the River as shown on Figures 2.61 and 2.62, respectively. In addition, there were three sites with
significant impacts to the streambank of the Bark River where riparian buffers could be re-established to
reduce sediments from washing into the River as shown on Figure 2.63.

Invasive Species
Several invasive species were observed during the survey of the Bark River. Chinese (Cipangopaludina
chinensis) and Banded (Viviparus georgianus) Mystery Snails were found slightly downstream of Merton
Millpond (Figure 2.64). The Banded Mystery Snails were alive as indicated by their weight and their intact
operculum. Only empty shells of Chinese Mystery Snails were found. Curly-leaf pondweed (Potamogeton
crispus) was found in several locations throughout the survey (Figure 2.65 and Map 2.27). One plant bed,
located near Rybeck Road was located along a 1,000-foot reach of the River. Dense growth was also
encountered within, and just downstream of, Hartland Ice Age Marsh. Finally, reed canary grass (Phalaris
arundinacea) was frequently found along the banks of the River (Figure 2.66). Its presence and distribution
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is extensive both within, and adjacent to, the Nagawicka Lake watershed and is a well-known problem that
reduces the overall diversity and abundance of native wetland plant communities.82

Tires and Trash
Trash and debris degrade the aesthetics of the River system and can cause physical and/or chemical (i.e.,
toxic) damage to aquatic and terrestrial wildlife. Therefore, SEWRPC staff recorded and mapped the
significant trash and debris that was encountered during the survey conducted in September 2016. Besides
the occasional grocery bag or plastic bottle, no significant accumulations of trash were found. A plastic
bucket, a partially buried plastic banner, and a few remnants of a child’s toy were the most significant trash
finds on the River (Figure 2.67).

Pollution Mitigation Strategies
To meet the requirements of the Federal Clean Water Act, the WDNR developed a permit Program under
Wisconsin Administrative Code NR 216, “Storm Water Discharge Permits.” A municipal separate storm sewer
system (MS4) permit is required for a municipality that is either located within a Federally-designated
urbanized area, has a population of 10,000 or more, or is designated for permit coverage by the WDNR.
Municipal permits require stormwater management programs to reduce polluted stormwater runoff by
implementing best management practices. Chapter NR 216 also requires certain types of industries to
obtain stormwater discharge permits from the WDNR, but there are no industrial stormwater permits issued
in the Nagawicka Lake watershed. The general permit requires an MS4 holder to develop, maintain, and
implement stormwater management programs to prevent pollutants from the MS4 from entering State
waters. Examples of stormwater best management practices used by municipalities to meet permit
conditions include detention basins, street sweeping, filter strips, bioretention facilities, and rain gardens.

Waukesha County; the City of Delafield; the Villages of Hartland, Merton, Nashotah, Richfield, and Sussex;
the Towns of Delafield, Lisbon, and Merton are the designated MS4 communities in the watershed area.
The Village of Chenequa is the only exempt community within the watershed, and, therefore, not subject to
an MS4 Permit. These designated MS4 communities are required to reduce the urban pollutants entering
the local waterways via their storm sewer systems by implementing programs such as construction site and
long-term stormwater control; illicit discharge screenings; information and education programs about
stormwater that are targeted to the general public, developers, and internal staff; and improving municipal

82Distrubution

data for Reed Canary Grass can be found on the WDNR Surface Water Data Viewer at

dnr.wi.gov/topic/surfacewater/swdv/.
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"good housekeeping" practices, including winter road management programs, public works yard
inspections, and inventorying and maintaining existing stormwater facilities, including mapping their
systems. Each municipality is required to submit an annual report for each calendar year summarizing and
evaluating the programs being implemented and stating where improvements and cost effective changes
should be made.

In cooperation with the WDNR, Waukesha County, and SEWRPC, storm sewer system inventory information
was obtained from each of the MS4 municipalities, as well as from Waukesha County records, and combined
into a composite map for the entire watershed (see Map 2.28). Under their MS4 permit, each of these
communities is required to provide detailed and accurate inventories in a digital geographic information
systems (GIS) software format for the following elements summarized below:

 Identification of all known municipal storm sewer system outfalls discharging to waters of the State
or other municipal separate storm sewer system including minor outfalls and major outfalls (36 inches
in diameter or larger);83

 Location and permit number of any known discharge to the municipal separate storm sewer system
that has been issued WPDES permit coverage by the WDNR;

 Location of structural stormwater facilities including detention basins, infiltration basins, and
manufactured treatment devices;

 Identification of publicly owned park and recreational areas and other open lands;

 Location of municipal garages, storage areas and other public works facilities; and

 Identification of streets.

83A

major outfall is a municipal separate storm sewer outfall that meets one of the following criteria: 1) a single pipe with

an inside diameter of 36 inches or more or equivalent conveyance (cross sectional area of 1,018 square inches) which is
associated with a drainage area of more than 50 acres, or 2) an MS4 that receives stormwater runoff from lands zoned for
industrial activity or from other lands with industrial activity that is associated with a drainage area of two acres or more.
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Map 2.28 was developed to show stormwater information throughout the watershed as reported from 2015
through 2018. The map is not intended to show every element of the stormwater infrastructure in each
community. Information on specific characteristics of municipal stormwater management systems can be
located in individual reports for each community as documented in Table 2.16.

Since each of the MS4 communities compiled its inventories using different digital formats and categories,
the GIS data files were integrated to the extent practicable by Waukesha County staff. The main categories
include major outfalls, minor outfalls, storm sewers, swale drainage, curb and gutter, and stormwater BMPs
(wet basins and dry basins) as shown on Map 2.28 and summarized in Table 2.16). Based upon this inventory
data, there are a total of 32 major outfalls, 284 minor outfalls, 201 dry basins, and 94 wet basins (having a
permanent pond) within the Nagawicka Lake watershed. The storm sewers shown on Map 2.28 include both
culverts and storm sewers. In addition, some communities also mapped the sewer inlets, curb and gutter,
and swale information, which helps to better understand how stormwater is routed across the landscape
within portions of the watershed. The majority of the storm sewer inlets throughout the watershed are
located within Sub-Basins 4, 5, and 6 in the Village of Hartland. Those inlets are connected to numerous
minor and major outfalls that discharge directly into the Bark River (see Stream Inventory Conditions above
and Appendix A). There are additional outfalls located directly adjacent to the Bark River in the Village and
Town of Merton. As noted in the inventory summary section above, several of these outfalls may be good
candidates for modification or improvement to reduce the vo;lume of stormwater pollutants entering the
Bark River and, ultimately, Lake Nagawicka.

These data were projected over the total extent of urban lands under pre- versus post-1990 conditions,
because stormwater rules and practices began to be implemented more widely during the post-1990
period. Hence, nearly all of the stormwater BMPs on the landscape reside within the urban lands developed
after 1990. Consequently, most of the stormwater BMPs directly around Nagawicka Lake within Sub-Basins
7 through 11 consisted of storm sewers, curb and gutter, and swales. It is also important to note that there
are several minor and major outfalls that discharge stormwater with limited treatment directly into
Nagawicka Lake, and which could be contributing pollutants including sediments into nearshore areas of
the Lake such as Zastro Bay (see Map 2.28). Such outfalls might be good candidates for modification or
improvement to reduce stormwater pollutants from entering the Lake.

In contrast, since the areas upstream of Nagawicka Lake were largely developed after 1990, BMPs include
the aforementioned practices, but wet and dry stormwater detention basins are much more prevalent
among Sub-Basins 1 through 6 as shown on Map 2.28 and Table 2.16. Nearly 300 of these wet and dry
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basins have been constructed since about 1990 and more continue to be constructed with each new
development throughout the watershed. These basins are designed to capture the stormwater runoff water
and release it at a reduced rate. Wet basins allow the total suspended solids particles, nutrients, and
associated materials to settle out. Dry basins generally provide little control of nonpoint source pollution,
because they have no permanent pool for settling and subsequent storage of particulate pollutants.
Stormwater is diverted into these basins prior to discharging into the surface water of the Lake or local
tributaries and streams within the Bark River system.

Urban nonpoint performance standards focus on controlling erosion from construction sites; managing
post-construction runoff from parking lots, streets, buildings, and other impervious areas; promoting
infiltration; maintaining vegetative buffers between impervious surfaces and water resources; and
preventing polluted runoff through better land management. These standards are implemented through
county (and local) stormwater and erosion control ordinances for new development projects, and MS4
stormwater discharge permits for existing urban areas. Effective construction erosion control and abatement
of nonpoint source pollution from urban areas rely on targeted information and education programs for
developers, engineers, contractors, municipal staff, and the general public. To this end, Waukesha County
has executed intergovernmental agreements with each of the eight local MS4 municipalities in the
Nagawicka Lake watershed that are located within the County to implement a comprehensive stormwater
education program to help communities meet this part of the MS4 permit mandate. The county agreements
with the Village of Merton and the Towns of Delafield, Lisbon, and Merton includes provisions for
enforcement. The Village of Richfield located within the headwaters of the watershed within Washington
County is handling their own information and educational outreach programs, which indicates that there
may be an opportunity to coordinate informational and educational programing among neighboring
municipalities in the downstream areas of the watershed.

Riparian Corridor Conditions
Healthy riparian corridors help to protect water quality, groundwater, fisheries and wildlife, and ecological
resilience to invasive species, and can reduce potential flooding of structures and harmful effects of climate
change.84 The health of riparian corridors is largely dependent upon width and continuity. Therefore, efforts

84N.E.

Seavy, et al., “Why Climate Change Make Riparian Restoration More Important than Ever: Recommendations for
Practice and Research,” Ecological Restoration, Volume 27, Number 3, September, 2009, pages 330-338; “Association of
State Floodplain Managers, Natural and Beneficial Floodplain Functions: Floodplain Management—More Than Flood
Loss Reduction, 2008,” www.floods.org/NewUrgent/Other.asp.
PRELIMINARY DRAFT
This draft does not address comments that will be provided by the Lake Welfare Committee and by the
Wisconsin Department of Natural Resources following their reviews of the draft.

85

to protect and expand the remaining riparian corridor width and continuity are foundational elements for
protecting and improving the fishery, wildlife, and recreation within the Nagawicka Lake watershed.

The provision of buffer strips along waterways represents an important intervention that addresses
anthropogenic sources of contaminants. Even relatively small buffer strips provide a degree of
environmental benefit, as suggested in Table 2.17 and Figure 2.68 and further discussed in Appendix B.85
The Wisconsin Buffer Initiative (WBI) further developed two key concepts that are relevant to this plan: 1)
riparian buffers are very effective in protecting water resources and 2) riparian buffers need to be a part of
a larger conservation system to be most effective.86 However, it is important to note that the WBI limited its
assessment and recommendations solely to the protection of water quality, and did not consider the
additional values and benefits of riparian buffers. Research clearly shows that riparian buffers can have many
potential benefits, such as flood mitigation, prevention of channel erosion, provision of fish and wildlife
habitat, enhancement of environmental corridors, and water temperature moderation (see Appendix B).
However, the nature of the benefits and the extent to which the benefits are achieved is site-specific.
Consequently, the ranges in buffer width for each of the buffer functions shown in Figure 2.68 are large.
Buffer widths should be based on desired functions, as well as site conditions. For example, based upon a
number of studies of sediment removal, buffer widths ranging from about 25 to nearly 200 feet achieved
removal efficiencies of between 33 and 92 percent, depending upon local site differences such as soil type,
slope, vegetation, contributing area, and influent concentrations, to name a few. Figure 2.68 shows that for
any particular buffer width, for example 75 feet, the buffer can provide multiple benefits, ranging from water
temperature moderation to enhancement of wildlife species diversity. Benefits not shown in the figure
include bank stabilization, which is an important concept in utilizing buffers for habitat protection (see
Appendix B).

While it is clear from the literature that wider buffers can provide a greater range of values for aquatic
systems, the need to balance human access and use with the environmental benefits to be achieved
suggests that a 75-foot-wide riparian buffer provides a minimum width necessary to contribute to good
water quality and a healthy aquatic ecosystem. In general, most pollutants are removed within a 75-foot
buffer width. However, from an ecological point of view, 75-foot-wide buffers are inadequate for the
protection and preservation of groundwater recharge or wildlife species. Riparian buffer strips greater than

85Data were drawn from A. Desbonnet, P. Pogue, V. Lee, and N. Wolff, “Vegetated Buffers in the Coastal Zone – A Summary

Review and Bibliography,” CRC Technical Report No. 2064. Coastal Resources Center, University of Rhode Island, 1994.
86University

of Wisconsin-Madison, College of Agricultural and Life Sciences, The Wisconsin Buffer Initiative, December

2005.
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75 feet in width provide significant additional physical protection of streams, owing to their function in
intercepting sediment and other contaminants mobilized from the land surface as a result of natural and
anthropogenic activities. These wider buffers also serve to sustain groundwater recharge and discharge
relationships, and biological benefit, as a result of the habitat available within the shoreland and littoral
areas associated with streams and lakes.87

For example, the highest quality environmental corridors, natural areas, and vegetation communities are
located within and adjacent to the riparian buffer network throughout the Nagawicka Lake watershed as
shown on Map 2.29. In other words, riparian buffers are a vital conservation tool that provides the
connectivity among landscapes to improve the viability of wildlife populations within the habitats
comprising the primary and secondary environmental corridors and isolated natural resource areas.88

As previously mentioned, healthy and sustained aquatic and terrestrial wildlife diversity is dependent upon
adequate riparian buffer width and habitat diversity. Specifically, recent research has found that the
protection of wildlife species is determined by the preservation or protection of core habitat within riparian
buffers with widths ranging from a minimum of 400 feet to an optimal 900 feet or greater as summarized
in Appendix B. These buffer areas are essential for supporting healthy populations of multiple groups of
organisms, including birds, amphibians, mammals, reptiles, and insects and their various life stages. For
example, some species of birds, amphibians, turtles, snakes, and frogs have been found to need buffer
widths as great as 2,300 feet, 1,500 feet, 3,700 feet, 2,300 feet, and 1,900 feet, respectively, for at least part
of their life histories. Hence, preservation of riparian buffers to widths of up to 1,000 feet or greater
represents the optimal condition for the protection of wildlife in the Nagawicka Lake watershed.89

Map 2.30 shows the major natural cover types both within and outside of the existing riparian buffers
distributed throughout the Nagawicka Lake watershed. This inventory shows that the riparian buffers are
comprised of a variety of wetland (emergent/wet meadow, flats, forested, and scrub/shrub) and upland

87See,

for example, Brian M. Weigel, Edward E. Emmons, Jana S. Stewart, and Roger Bannerman, “ Buffer Width and
Continuity for Preserving Stream Health in Agricultural Landscapes,” Wisconsin Department of Natural Resources
Research and Management Findings, Issue 56, December 2005.
88Paul

Beier and Reed F. Noss, “Do Habitat Corridors Provide Connectivity?,” Conservation Biology, Volume 12, Number
6, December 1998.
89The

shoreland zone is defined as extending 1,000 feet from the ordinary high water mark of lakes, ponds, and flowages
and 300 feet from the ordinary high water mark of navigable streams, or to the outer limit of the floodplain, whichever is
greater. To be consistent with this concept and to avoid confusion, the optimum buffer width for wildlife protection is
defined as extending 1,000 feet from the ordinary high water mark on both sides of the lakes, ponds, and navigable streams
in the watershed.
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(brush, grassland, upland conifer, and deciduous) vegetation communities. Each of these habitats is
necessary to support the life history requirements of multiple wildlife species. For example, amphibians and
reptiles have been reported to utilize numerous habitat types that include seasonal (ephemeral) wetlands,
permanent wetlands (lakes, ponds, and marshes), wet meadows, bogs, fens, small and large streams, springs
and seeps, hardwood forest, coniferous forest, woodlands, savannahs, grasslands, and prairies.90 Hence, it
is this mosaic of habitats and the ability of organisms to travel between them at the correct times in their
lives to survive, grow, and reproduce, which is essential to support an abundant and diverse wildlife
community throughout this watershed.

The development patterns and infrastructure that humans create on the landscape lead to a number of
obstructions that can limit both the availability of wildlife habitat as well as the ability for organisms to travel
between habitats. These obstructions are primarily a result of roadways, railways, and buildings that
fragment the natural landscape. Therefore, an effective management strategy to protect wildlife abundance
and diversity in the Nagawicka Lake watershed would be to maximize critical linkages between habitat areas
on the landscape, ensuring the ability of species to access these areas. Examples of critical linkages include
the following:

 Water’s edge (lake, pond, river, wetland) to terrestrial landscapes (i.e., riparian buffer width);

 Water’s edge to water’s edge (e.g., river to ephemeral pond, lake to ephemeral pond, permanent
pond to ephemeral pond); and

 Habitat complexes or embedded habitats-Wetland to upland (e.g., seep to prairie) and upland to
upland (e.g., grassland to woodland).

In addition, connecting the secondary environmental corridor (SEC) lands and multiple isolated natural
resource areas (INRAs) throughout the Nagawicka Lake watershed to the larger primary environmental
corridor (PEC) areas, as well as building and expanding upon the existing protected lands, represent a sound
approach to enhance the corridor system and wildlife areas within the watershed.

90Kingsbury, B.A. and J. Gibson (editors), Habitat Management Guidelines for Amphibians and Reptiles of the Midwestern

United States, Partners in Amphibian and Reptile Conservation Technical Publication HMG-1. 2nd Edition, 2012, 155
pages.
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Potential Restorable Wetlands
Wetlands provide a number of benefits such as water quality improvement, wildlife habitat, and flood
mitigation. According to the USEPA a typical one-acre wetland can store about one million gallons of
water.91 Restoring wetlands in the watershed area will provide water storage and reduce sediment and
phosphorus loading. Establishing restored wetlands, particularly as riparian buffers (see “Riparian Corridor
Conditions” subsection below), can help reduce pollution loads from tile drains, barnyards, and upland
runoff, and can be implemented in areas where frequent crop damage occurs due to flooding. Although
modeling load reductions associated with wetland restorations was beyond the scope of this report,
constructed wetlands have been reported to reduce median pollutant loads by 73 percent for total
suspended solids, 38 percent for total phosphorus, 69 percent for particulate phosphorus, 30 percent for
total nitrogen, 70 percent for metals (zinc and copper), 60 percent for bacteria, and, 80 percent for
hydrocarbons.92

Hydric soils characteristic of wetland conditions form under settings where the ground was saturated with
water for long enough periods of time to cause changes in the soil properties. These unique soils and
growing conditions fostered a suite of plant species that thrive in wet, oxygen-deprived soil. Hence, the
majority of the wetlands remaining in the Nagawicka Lake watershed are found along the main stem and
tributaries of the Bark River network. As previously noted in the land use description above, wetlands
currently comprise a total of 10.6 percent of the Nagawicka Lake watershed. This meets a standard
established by Environment Canada for the minimum recommended level of wetland area needed to
provide protection for a major watershed, but this minimum requirement also includes meeting a level of
six percent wetland for each subwatershed.93 Although six of the sub-basins (namely, 1, 2, 6, 5, 9, and 11)
meet or exceed the recommended minimum level of six percent criteria for subwatershed areas, the
remaining five sub-basins do not. In particular, sub-basin 4 contains about 2.7 percent wetland, sub-basin
10 contains 1.2 percent wetland, and sub-basins 3, 7, 8 each contain less than one percent wetland.
Therefore, there is a good potential to restore wetlands throughout the Nagawicka Lake watershed, which
could be a key component to address nonpoint source soil erosion and associated pollutant load reductions
in this basin.

91U.S.

Environmental Protection Agency (USEPA), Wetlands: Protecting Life and Property from Flooding, May 2006,
USEPA843-F-06-001, Website:http://water.epa.gov/type/wetlands/outreach/upload/Flooding.pdf.
92Minnesota

Pollution
Control
Agency,
Minnesota
Stormwater
stormwater.pca.state.mn.us/index.php/Information_on_pollutant_removal_by_BMPs

Manual

website,

93Environment Canada, 2013, How Much Habitat is Enough? Third edition, Environment Canada, Toronto, Ontario,
www.documentcloud.org/documents/2999368-THUNDER-BAY-How-Much-Habitat-Is-Enough-3rd-Ed-2013.html

PRELIMINARY DRAFT
This draft does not address comments that will be provided by the Lake Welfare Committee and by the
Wisconsin Department of Natural Resources following their reviews of the draft.

89

Based on information from the WDNR “potentially restorable wetlands (PRW)” geographic information
system layer, there were approximately 439 acres of potentially restorable wetland identified within the
Nagawicka Lake watershed as shown on Map 2.30. Sub-basin 1 contains 313 acres of PRW, which is more
than twice the amount of PRW in all the other sub-basins combined. Sub-basins 9 and 2 each contain the
next highest areas of PRW with 50 acres and 27 acres, respectively. Collectively, sub-basins 4, 5, 6, 7, 10, and
11 comprise the remaining 49 acres of PRW. Sub-basins 3 and 8 do not contain any PRW.

Potentially restorable wetland areas are also good candidate sites for constructed floodplain benches
associated with remeandering ditched reaches within the Bark River network and/or opportunities to modify
tile drainage to reduce pollution loads. Therefore, any PRW areas that are located within the existing
floodplain boundary would be a high priority for conversion to wetland, because their location would
facilitate a higher level of protection to reduce the amount of pollutants entering Nagawicka Lake. Onsite
evaluation of potential wetland restoration sites will be necessary prior to design and implementation.

Existing and Potential Riparian Buffers
Map 2.30 shows the current status of existing and potential riparian buffers at the 75-foot, 400-foot, and
1,000-foot widths and potential restorable wetland areas along the Bark River and its major tributary
streams. Buffers on Map 2.30 were primarily developed from 2015 digital orthophotographs and the 2010
WDNR Wisconsin Wetland Inventory, and from SEWRPC inventories of PEC, SEC, and INRA. Polygons were
created using geographic information system (GIS) techniques to delineate contiguous natural lands (i.e.,
nonurban and nonagricultural lands) comprised of wetland, woodland, and other open lands adjacent to
waterbodies. Those lands comprise a total of about 5,491 acres, or 19.1 percent, of the total land area (not
including water area) within the Nagawicka Lake watershed.

As shown on Map 2.30 and Figure 2.69, the most extensive existing buffers were found within sub-basins 1,
2, 3, 6, 9, and 11 that together comprised about 92 percent (5,044 acres) of the total buffered lands within
the Nagawicka Lake watershed. Existing buffers comprise 13 to 59 percent of the total land area within
these sub-basins (Figure 2.69). In contrast, the remaining five sub-basins 4, 5, 7, 8, and 10 contain only 8
percent (447 acres) of the total buffered lands within the watershed that ranged from a total of 3 to 11
percent of existing buffers of the total land area within each of their respective sub-basins.

Comparison between the existing buffers versus the potential buffers at the 75-foot, 400-foot, and 1,000foot widths throughout the Nagawicka Lake watershed indicates that the existing buffers contain significant
levels of protection at the 75-foot, 400-foot, and some areas whose widths exceed 1,000 feet from the edge
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of the stream, which indicates they are providing a good level of water quality and wildlife protection (see
Map 2.30). In addition, roughly 75 percent of the Bark River network of streams is protected by buffers (on
a linear river mile basis) of at least 75-feet in width, which is the minimum width for water quality protection
(see riparian buffer guide in Appendix B).

However, there are multiple locations in both urban and agricultural areas throughout the watershed that
show encroachments into the 75-foot and 400- foot riparian zones as shown on Map 2.30 In particular, the
most significant encroachments into the riparian zone among waterways within the 75-foot width are
located within sub-basins 1, 4, 5, 7, 8, 10, 11 which include the Nagawicka Lake shoreline perimeter. It is
important to note that there are about 8.1 linear miles (42,987 feet) of non-buffered riparian shoreline
around Nagawicka Lake. That distance represents 48 percent of the total shoreline length. Based upon this
analysis, there are many opportunities to improve the amount of riparian buffers to protect water quality
and wildlife (at the 75-foot, 400-foot, and 1,000-foot widths) both within the Bark River network and the
Lake Nagawicka shoreline (see Map 2.30 and Figure 2.70). Those opportunities will be discussed in more
detail in Chapter 3.

Riparian Buffer Protection and Prioritization Strategies
All riparian buffers provide some level of protection that is greater than if there were no buffer at all.
However, wider buffers provide a greater number of functions (infiltration, temperature moderation, and
species diversity) than narrower buffers. Therefore, it is important that existing buffers be protected and
expanded where possible.

The riparian buffer network out to the 75-foot, 400-foot, and 1,000-foot widths as summarized above
provides the framework upon which to protect and improve water quality and wildlife within the Nagawicka
Lake watershed. This framework can be achieved through a combination of strategies that include land
acquisition, regulation, and best management practices.

Land Acquisition
The prioritization for acquisition of these lands (including PEC, SEC, and INRA, and natural areas (NAs))
should be based upon the following order of importance (from highest to lowest priority):

1. Existing riparian buffer (protect what exists on the landscape),

2. Potential riparian buffer lands up to 75 feet wide (minimum level of protection for pollutants),
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3. Potential restorable wetlands within 1,000 feet of Nagawicka Lake, Bark River or its tributaries (see
Map 2.30) or the 1-percent-annual-probability-floodplain (see Map 2.13), whichever is greater
(priority for pollutant removal and wildlife habitat protection),

4. Potential riparian buffer lands up to 400 feet wide (minimum wildlife protection), and

5. Potential riparian buffer lands up to 1,000 feet wide (optimum wildlife protection).

In addition, special consideration should be given to 1) acquiring riparian buffers in locations designated as
having high to very high groundwater recharge potential as shown on Map 2.12 and 2) connecting and
expanding critical linkages among habitat complexes to protect wildlife abundance and diversity.
Furthermore, connecting the SEC lands and multiple INRAs throughout the Nagawicka Lake watershed to
the larger PEC areas, as well as building and expanding upon the existing protected lands as shown in Map
2.31, represents a sound approach to enhance the corridor system and wildlife areas within the watershed.

Regulatory and Other Opportunities
Chapter NR 115, “Wisconsin’s Shoreland Protection Program,” of the Wisconsin Administrative Code
establishes a minimum 35-foot development setback from the ordinary high water mark of navigable lakes,
streams, and rivers. There also is a required minimum tillage setback standard of five feet from the top of
the channel of surface waters in agricultural lands called for under Section NR 151.03 of the Wisconsin
Administrative Code. Instream field observations in the watershed and orthophotograph interpretation
indicate that Nagawicka Lake and its tributaries flowing through agricultural lands were not meeting the
five-foot tillage setback. As summarized above, not having an adequate buffer between a field and a
waterway can contribute to significant sediment and phosphorus loading to the waterway and can
significantly limit wildlife habitat. In addition, based upon the water quality and wildlife goals for this
watershed, neither the 5-foot tillage setback nor the 35-foot buffer requirement are adequate to achieve
the pollutant load reduction goals and resource protection concerns.

It is important to note that crop yield losses have been found to be greatest along the edges of drainage
ditches that tend to get flooded. Therefore, adding a buffer to these areas would not be taking prime
production areas. Fields with high slopes (Map 2.3) and high soil erodibility (Map 2.5), fields where the
minimum riparian buffer width of 75 feet is not being met (Map 2.30) and/or crop land is located within the
1-percent-annual probability-floodplain (Map 2.13), and fields containing potentially restorable wetlands
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within 1,000 feet of a waterway could be considered priority fields for installation of riparian buffers. In
addition, in expanded riparian buffers on cropland, the 75 feet adjacent to the waterway are envisioned to
be harvestable buffers, so that farmers can periodically harvest the grasses to feed livestock. Expansion of
riparian buffers to the 400- and 1,000-foot widths, or greater to the extent practicable, are not likely to be
achievable until such time that the agricultural land is converted to urban uses. At that time, it may be
possible to design portions of the development to accommodate such buffer widths. Hence, that will likely
be the last chance to establish such critical protective boundaries and/or open space and habitat
connections around waterways before urban structures and roadway networks are constructed.

Primary environmental corridors (PEC) have a greater level of land use protections compared to secondary
corridors, isolated natural resource areas, or designated natural areas outside of PEC. Therefore, the
regulatory strategy to expand protections for vulnerable existing and potential riparian buffers would be to
increase the extent of designated primary environmental corridor lands within the Nagawicka Lake
watershed. In particular, there are two main PEC polygons in the Nagawicka Lake watershed that are
separated by a secondary environmental corridor connection on the Bark River within the Village of Hartland
where development has significantly encroached on the River (see Map 2.18). The southern PEC polygon
comprises Nagawicka Lake, the Bark River inlet, and extends south to include the Lapham Peak Woods. The
northern PEC polygon includes the mainstem of the Bark River and its various tributaries including
continuous connections to several headwater lakes (Lake Five, Bark Lake, and Amy Belle Lake) as shown on
Map 2.18. Expanding connections to either of these PEC areas presents the greatest opportunity to expand
primary environmental corridors in this watershed. Since these two areas already meet the minimum size
requirements for designation as a PEC, any lands with sufficient natural resource features adjacent or
connecting to this existing PEC could potentially be incorporated into this designation. For example, if
connections could be made between the PEC and either SEC or INRA, these might be upgraded to PEC. This
has the greatest potential where tributaries intersect with the mainstem of the Bark River, where expansion
of riparian buffer lands could be used to create connections and expand natural corridors.

Wetlands located within PEC lands have been designated as Advanced Delineation and Identification (ADID)
wetlands under Section 404(b)(1) of the Federal Clean Water Act and are deemed generally unsuitable for
the discharge of dredge and fill material. In addition, the nonagricultural performance standards set forth
in Section NR 151.125 of the Wisconsin Statutes, require establishment of a 75-foot impervious surface
protective area adjacent to these higher-quality wetlands. This designated protective area boundary is
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measured horizontally from the delineated wetland boundary to the closest impervious surface.94 Hence,
these wetlands would have additional protections from being filled and from being encroached upon by
future development, enabling retention of their riparian buffer functions.

Best Management Practices and Programs for Riparian Buffers
A large portion of the existing and potential riparian buffers are privately owned within urban and
agricultural areas of the watershed. It is the private landowner’s choice to establish a buffer. In addition,
although riparian buffers can be effective in mitigating the negative water quality effects attributed to
urbanization and agricultural management practices, they cannot on their own address all of the pollution
problems associated with these land uses. Therefore, riparian buffers need to be combined with other
management practices, such as infiltration facilities, wet detention basins, porous pavements, green roofs,
and rain gardens to mitigate the effects of urban stormwater runoff. In addition, riparian buffers need to be
combined with other management practices, such as barnyard runoff controls, manure storage, filter strips,
nutrient management planning, constructing grassed waterways, and reduced tillage, to mitigate the effects
of agricultural runoff. Therefore, the best management practices to improve and protect water quality in
both agricultural and urban areas are essential elements for the protection of water quality and quantity
and wildlife within the Nagawicka Lake watershed (see Chapter III for more details).

Recent research has indicated that converting up to eight percent of cropland at the field edge from
production to wildlife buffer habitat leads to increased yields in the cropped areas of the fields, and this
positive effect becomes more pronounced with time.95 As a consequence, despite the initial loss of cropland
for habitat creation, overall yields for an entire field can be maintained, and even increased, for some crops
compared to control areas. Although it took about four years for the beneficial effects on crop yield to
manifest themselves in this research project, this increase in yields was largely attributed to an increased
abundance and diversity of crop pollinators within the wildlife habitat areas. Such results suggest that at
the end of a five-year crop rotation, there would be no adverse impact on overall yield in terms of monetary
value or nutritional energy, and that in subsequent years, pre-buffer yields would be maintained or
increased. Hence, establishment of buffers or sacrificing marginal cropland edges to create wildlife buffer
habitat or potential restorable wetland within the Nagawicka Lake watershed may actually lead to increased
crop yields, so this practice may be economically feasible over the long-term. More importantly, these

94Runoff

from impervious surfaces located within the protective area must be adequately treated with stormwater best
management practices.
95Richard Pywell et. al. 2015.
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results also demonstrate that lower yielding field edges within Nagawicka Lake can be better used as noncrop habitats to provide services supporting enhanced crop production, benefits for farmland biodiversity,
and protection of water and soil health.96

In Wisconsin, the USDA offers technical assistance and funding to support installation of riparian buffers
and wetlands on agricultural lands. A 14- to 15-year contract must be entered into by the landowner or
operator and the land is only eligible under certain conditions, but normally must be recently in agricultural
production or use. Because the program requires a lengthy contract, it is often difficult to get farmers and/or
landowners to commit to installing and maintaining riparian buffer strips. To overcome this, a custom
program that offers a shorter time commitment, potentially five years, with a yearly payment incentive
greater than what the USDA program offers, has found favor in other counties in the State, and could
potentially be developed for the Nagawicka Lake watershed.

2.4 AQUATIC PLANT MANAGEMENT
Aquatic plant management is a visible and well known concern for Lake residents and users. This section
first examines the general need for aquatic plant management by quantifying the current state of aquatic
plants in Nagawicka Lake. The most recent aquatic plant survey is then compared to past aquatic plant
surveys. Lastly, management techniques are discussed that are appropriate given the Lake’s physical
conditions and ecosystem.

First and foremost, it is important to note that all lakes have plants and every lake is unique. In fact, most
of the lakes in the Southeastern Wisconsin Region have substantial growths of aquatic plants due to the
nutrient-rich soils in the Region.97 Additionally, it is important to note that native aquatic plants form an
integral part of a lake ecosystem. Aquatic plants are a natural part of essentially all natural lake
communities and provide a number of valuable functions, including:

 improving water quality and suppressing algal growth by using excess nutrients;

 providing habitat for invertebrates and fish;

96Ibid.

Nutrient-rich lakes are very common in the Southeastern Wisconsin Region. Soils in Southeastern Wisconsin
are rich in phosphorus, a key, and oftentimes limiting, plant nutrient.
97
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 stabilizing lake bottom sediments; and,

 supplying food and oxygen to the lake through photosynthesis.

A lake’s water clarity, configuration, depth, nutrient availability, wave action, and fish population assemblage
affect the abundance, diversity, and distribution of aquatic plants. Given the importance of native aquatic
plants to overall lake health, it is desirable to periodically re-examine the abundance, distribution, and
diversity of aquatic plants. Such data is contrasted to historical conditions in the Lake itself and other similar
lakes; both comparisons help quantify the overall health of the aquatic plant community. A judgement can
subsequently be made regarding the need for active aquatic plant management, and the locations and
methods that provide the most overall apparent benefit to the Lake’s health and user needs can be
identified. Data and interpretations related specifically to Nagawicka Lake are presented below.

Aquatic Plants in Nagawicka Lake
2016 Aquatic Plant Survey
To determine the current status of aquatic plants in Nagawicka Lake, SEWRPC staff completed an aquatic
plant survey during July and August 2016 using point-intercept methodology.98 The point-intercept method
uses predetermined sampling sites arranged in a grid pattern across the entire lake surface (see Figure 2.71);
each site is located using global positioning system (GPS) technology. At each site, a single rake haul is
taken and a quantitative assessment of the rake fullness, on a scale of zero to three, is then made for each
species identified (see Figure 2.72). Of the 616 sites shallow enough to be sampled (water no greater than
15 feet deep), 543 had vegetation. The survey observed a total 32 plant species: 28 native and four nonnative
species.99 See Table 2.18 for the complete list of aquatic plant species (submerged, floating, or emergent)

Further details on the methodology can be found in Wisconsin Department of Natural Resources, Publication
No. PUB-SS-1068, Recommended Baseline Monitoring of Aquatic Plants in Wisconsin: Sampling Design,
Field and Laboratory Procedures, Data Entry and Analysis, and Applications, 2010.
98

Aquatic macrophytes are often described using the terms submerged, floating, and emergent, depending on
where the plant is found in the lake ecosystem. All three types have significant roles to play in the overall
working of a lake’s ecosystem.
99

 Submerged plants are found in the main lake basin and, although most are rooted in the bottom
substrate, some forms, such as coontail (Ceratophylum demersum) are free-floating.
 Floating plants, such as water lilies, generally have large, floating leaves and are usually found in
shallow water areas a few feet in depth or less that contain loose bottom sediments. Floating plants
may also be either rooted (water lily) or free-floating (duckweed, Lemna spp.).
 Emergent plants are those that grow along the shoreline areas of a lake, such as the bulrushes and
cattails.
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that were found in the 2016 survey and for data regarding each plant’s abundance and dominance.
Appendix C contains maps showing the distribution of each species in Nagawicka Lake, along with key
identification features and other pertinent information and the raw data from the survey in 2016. The five
most abundant plant species, listed in descending order of abundance, were:

1. muskgrasses (Chara spp.)

2. eelgrass (Vallisneria americana)

3. various-leaved milfoil (Myriophyllum heterophyllum)

4. coontail (Ceratophyllum demersum)

5. spiny naiad (Najas marina)

Of these five species, only spiny naiad was nonnative. It should also be noted that of these five species, the
top two (muskgrass and eelgrass) were significantly more abundant than all other submerged species,
native or non-native, and that muskgrass was significantly more abundant than any other species in the
Lake.100 As shown in the distribution map for muskgrass, this highly dominant plant is found in greatest
amounts along the western shoreline of the Lake, the southwest corner of the Lake between Horseshoe Bar
and St. John’s Bay, in the extreme north and south ends of the Lake, and in Zastrow Bay on the eastern side
of the Lake.

Some have identified muskgrass as growing at “nuisance” levels in Nagawicka Lake. Nevertheless, it is
important to note that even though some people may perceive that a plant grows to nuisance levels, it may
also be serving many beneficial functions. For example, muskgrass is largely responsible for marl formation
which reduces phosphorus concentration (a key nutrient for plant and algae growth) in the Lake and helps
improve water quality. Additionally, native species such as southern naiad, muskgrass, and elodea play
major roles in providing shade, habitat, and food for fish and other important aquatic organisms. These
plant species also play a significant role in reducing shoreline erosion since they can dampen waves that
could otherwise damage shorelines. Furthermore, the shade that these plants provide helps reduce growth

Of the 543 sites sampled during 2016 that had aquatic vegetation, 391 locations had muskgrass and 284
sites had eelgrass.
100
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of undesirable plants such as Eurasian water milfoil and curly-leaf pondweed. These attributes underscore
the importance of protecting native plant species and reinforce the concept that native plant removal or
elimination should generally not be a significant component of sustainable, balanced aquatic plant
management plans.

Biodiversity of Plants in Nagawicka Lake
With 24 different plant species (32 counting visuals)101 of aquatic plants found as part of the 2016 aquatic
plant survey, it is evident that Nagawicka Lake has a highly diverse aquatic plant community (see Figure
2.73). Two key aspects of a system’s ecological integrity are: biological diversity (or, biodiversity), and species
richness. Although these two terms are often used somewhat interchangeably, the difference in their
meaning is both subtle and significant. Diversity is based on the number of species present in a habitat along
with the abundance of each of those species; it can be measured several ways, such as with the Simpson
Diversity Index (see Table 2.19). Using this measure, a community dominated by one or two species would
be considered less diverse than one in which several different species have similar abundances. For example,
as shown in Table 2.18, Nagawicka Lake appears to be strongly dominated by muskgrass and eel grass
compared to all other species. And yet, the Lake’s Simpson Diversity Index value for Nagawicka Lake is 0.8
on a scale of zero to one, where zero equals no diversity and one equals infinite diversity. The reason that
the Simpson value for a lake so strongly dominated by only two specieis so high lies in the second key
aspect of this value – species richness. Species richness is simply the number of species in a habitat. As
mentioned above, the 2016 aquatic plant survey of Nagawicka Lake identified 24 different plant species (32
counting visuals). Such a high number of different species offsets the fact that muskgrass and eel grass are
so highly abundant relative to other species in the Lake. There is significant value in protecting the
biodiversity of plants in Nagawicka Lake.. Conserving biodiversity is critical to the long term health of the
Lake because it not only helps sustain and increase the robustness of the existing system, but also helps
preserve a spectrum of options for future management.

Nonnative and Invasive Plants in Nagawicka Lake
In addition to native plants, the 2016 survey revealed the presence of nonnative and invasive aquatic plant
species in Nagawicka Lake. The terms “nonnative” and “invasive” are often confused, and are commonly
incorrectly assumed to be synonymous. Nonnative is an overarching term describing living organisms
introduced to new areas beyond their native range with intentional or unintentional human help. Nonnative

A “visual” observation refers to a species that, although not captured on the rake at a specific sampling site,
was observed growing within several feet of the sampling site and whose presence was recorded but not
quantified.
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species may not necessarily harm ecological function or human use values in their new environments.
Invasive species are the subset of nonnative species that do have damaging impacts on the ecological health
of their new environments and/or are considered a nuisance to human use values. In summary, all invasive
species are nonnative, but not all nonnative species are invasive.

Introducing invasive species, either plants or animals, can severely disrupt both terrestrial and aquatic
natural systems. Invasive species often reproduce prolifically since there are no natural predators to control
their growth; this allows them to out-compete native species for space and other necessary resources with
resultant devastating effects on other native species that depend on the availability of native plants and
animals for survival.

The 2016 aquatic plant survey identified several invasive and nonnative submergent species, including:
invasive Eurasian water milfoil (Myriophyllum spicatum), the equally problematic invasive-native
milfoil hybrids,102 and nonnative curly-leaf pondweed (Potamogeton crispus). Fortunately, these plants
are sparsely distributed throughout the Lake (see Figures 2.74 and 2.75).

Eurasian water milfoil has been known to cause severe recreational use problems in Southeastern Wisconsin
lakes since it can grow to the water surface and can displace native plant species. Although populations are
sparse, the presence of Eurasian water milfoil and its hybrid warrant conscientious monitoring and aquatic
plant management in certain instances.

The curly-leaf pondweed growth cycle is different than most aquatic plants, with most growth occurring
very early in the year. In the spring, curly-leaf pondweed can displace native aquatic plants and interfere
with recreational use of a lake by forming dense mats at the water’s surface. By mid-summer, curly-leaf
pondweed starts to die off, causing plant fragments to accumulate on shorelines and resulting in a midsummer flush of nutrients to lakes as the plants decompose. Since the 2016 plant survey was completed in
July and August, curly-leaf pondweed may already have begun to senesce. Therefore, the 2016 sample
results may not fully represent the true abundance of curly-leaf pondweed present earlier in the growing
season. As a result, there may be a need to further evaluate and potentially actively control curly-leaf
pondweed in the Lake.

In recent years, it has become evident that Eurasian water milfoil and native (or northern) water milfoil
have begun to hybridize; the resultant hybrid strains – and they are many – cannot be reliably identified
based on physical appearance alone, thus making identification and selection of the appropriate control
method problematic.
102
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Although starry stonewort (Nitellopsis obtusa, see Figure 2.76) was not found in Nagawicka Lake during the
2016 aquatic plant inventory, this new invasive aquatic plant species has been confirmed to occur in several
lakes within Southeastern Wisconsin by Wisconsin DNR beginning in 2014. This is a major concern since
starry stonewort has been spreading to other nearby lakes in Southeastern Wisconsin and no management
methods have yet been found to successfully manage its growth. This species can form extremely dense
vegetative mats that may affect aquatic plant community species richness and can impede recreational use.
Dense growth of starry stonewort can also interfere with life-cycle critical functions of fish and other animals,
including fish spawning.103 The best control is to prevent its introduction to Nagawicka Lake (see more
details in Chapter 3).
Past and Present Aquatic Plant Inventories
Abundant aquatic plants have been a management concern in Nagawicka Lake for decades. Although plants
were treated chemically to control nuisance growth as early as the 1950s,104 little is known regarding the
methods or results of earlier aquatic plant control work.

Prior to the 2016 survey completed by SEWRPC staff, there have been a number of aquatic plant surveys
conducted in Nagawicka Lake:

 in 1993, a survey was conducted by Aron and Associates

 in 1997, SEWRPC conducted a reconnaissance survey in which only a limited number of sampling
sites were used

 in 2004 and 2011, SEWRPC staff conducted full surveys

“Aquatic Invasive Species Quick Guide: Starry Stonewort (Nitellopsis obtusa L.)”. Golden Sands Resource
Conservation and Development Council, Inc.
103

This Quick Guide is part of a series on aquatic invasive species, and may be reproduced for educational
purposes. Visit www.uwsp.edu/cnr/uwexlakes/clmn or www.goldensandsrcd.org/our-work/water to download
this series of handouts. Developed by Golden Sands Resource Conservation & Development Council, Inc. as
part of an aquatic invasive species education program, supported by a grant from the Wisconsin Department
of Natural Resources. Maintained and updated by the Wisconsin Citizen Lake Monitoring Network.
Poff, Ronald J. and C. W. Threinen, Surface Water Resources of Waukesha County, Wisconsin Conservation
Department, Madison, Wisconsin, 1963.
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The 1993, 1997, and 2004 surveys used line-transect methodology,105 while the 2011 and 2016 field surveys
used the point-intercept method (described above). Although these two methodologies differ in their data
collecting protocols, for purposes of aquatic plant management considerations the statistical differences
resulting from the two methodologies is generally considered not sufficient to prevent reasonably reliable
quantitative comparisons to be made for plant communities that have been assessed by both methods.106
Thus, it is possible to make reasonably confident comparisons between the results of the 2004 survey which
used the transect method, and the 2011 and 2016 surveys which used the point-intercept method; such
comparison will be discussed below.

As shown in Table 2.20, the number of different submerged species of aquatic plants in Nagawicka Lake
was relatively stable in earlier surveys, with 12 species being identified in the 1993 and 11 species in 1997.
During the 1997 survey, plant growth occurred in water depths of less than 15 feet in depth, with the
exception of the southeastern and southwestern portions of the Lake where growth was sparse, perhaps
due to the sudden change in depth. Just as is the case at present, muskgrass and wild celery (or eelgrass)
were two of the most dominant plants in portions of the main Lake basin, while healthy populations of
pondweeds were scattered throughout the Lake, generally in the five to 10 foot depth range. Eurasian water
milfoil was also scattered throughout the Lake, but more commonly found between 10 feet and 15 feet of
depth.

During the 2004 survey, 16 species of submerged aquatic plants were identified, including both native and
nonnative species, and the Lake generally supported a healthy and diverse aquatic plant community. Both
Eurasian water milfoil and curly-leaf pondweed were noted as present in the Lake and, although in
significantly reduced numbers since the 1997 survey, Eurasian water milfoil was still noted to occur in
extensive stands throughout the waterbody. At that time, it was assumed that the observed 2004 decline in
Eurasian water milfoil and curly-leaf pondweed was likely nothing more than a normal periodicity, especially
since Eurasian water milfoil populations had been observed to exhibit a similar type of periodicity elsewhere
in southeastern Wisconsin lakes. However, as shown in Table 2.21, this marked decline in the amount of
Eurasian water milfoil continued through 2011 and into 2016. What’s more, this decline was not confined

The line-transect survey was developed from the grid sampling method of Jesson and Lound (1964). Twentyfive transects approximately 1,000 feet apart were established on a Lake map. Each transect (or line) extended
from the shoreline to the maximum rooting depth within the Lake. Four sampling points were established on
each transect line at 1.5 feet, 5.0 feet, 9.0 feet, and 11.0 feet. Each sampling point was a six-foot diameter
circle. Each circle was divided into four quadrants and sampled with a garden rake.
105,

See SEWRPC Community Assistance Planning Report No. 193, A Lake Protection Plan for Powers Lake,
Kenosha and Walworth Counties, Wisconsin, 2011.
106
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to Eurasian water milfoil numbers alone, but has also occurred in curly-leaf pondweed numbers, while
during this same time period (2004 – 2016), frequency of occurrence numbers for muskgrass and eel grass
have been relatively stable (and dominant) in Nagawicka Lake. Of further interest is the increase in the
number of submerged aquatic species in the Lake from 1993 to 2016 (see Table 2.20) as species richness
has increased from 11 species in 1997, to 20 and 21 species in 2011 and 2016, respectively. Additionally,
the 2016 survey observed, for the first time, the presence of white-stem pondweed (Potamogeton
praelongus), a species known as an “indicator species” since its presence often signifies good water quality
conditions. Overall, the increase in native species in recent years, coupled with a decline in Eurasian water
milfoil and curly leaf pondweed numbers along with the appearance of white-stem pondweed, are
encouraging signs that there may be significant improvement occurring in the overall health of the
Nagawicka Lake system; continued monitoring will bear out whether this is a long-term trend or not.

WDNR Designated Sensitive Areas
Sensitive Areas (also referred to as Critical Habitat Sites) are sites identified by the WDNR to have special
importance biologically, historically, geologically, ecologically, or even archaeologically.107 Sensitive Areas
of aquatic vegetation commonly offer critical or unique fish and wildlife habitat, including life-cycle critical
feeding, refuge, or life-stage requirements, or offer water quality or erosion control benefits. Currently, the
WDNR designates five Sensitive Areas within Nagawicka Lake (see Map 2.32) because of the importance of
these areas to the maintenance of good water quality conditions in, and the biological integrity of, the Lake.
WDNR-designated Sensitive Areas must be accurately identified, embraced, and protected on-the-ground.
Management work within Sensitive Areas commonly requires special practices and permits, conditions
meant to help preserve ecological value and a healthy aquatic ecosystem (see Appendix D for more
information on Nagawicka Lake’s sensitive areas).

Aquatic Plant Management Alternatives
Aquatic plant management techniques can be classified into the following five groups.

1. Physical measures – barriers, such as lake bottom coverings, are used to block sunlight and/or plant
growth;

Areas are identified as Sensitive Areas pursuant to Chapter NR 107 of the Wisconsin Administrative Code
after a comprehensive examination and study completed by WDNR staff.
107
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2. Biological measures – natural agents, such as herbivorous insects, are used to impede undesirable
plant growth;

3. Manual measures – manipulation of plants by human beings. This can involve physical removal of
plants by individuals using hand-held rakes or by hand-pulling individual plants.

4. Mechanical measures – manipulation of plants using machines. This includes cutting (cut plants must
be removed from the water), harvesting (where a machine both cuts and recovers cut plants and
fragments) and suction harvesting; and,

5. Chemical measures – introducing chemical compounds toxic to or restraining plant growth. This can
include the use of aquatic herbicides to kill nuisance and nonnative aquatic plants.

More information regarding these alternatives is provided in the following sections. All control measures
are stringently regulated and most require a State of Wisconsin permit. Chemical controls, for example,
require a permit and are regulated under Chapter NR 107, “Aquatic Plant Management,” of the Wisconsin
Administrative Code, while placing bottom covers (a physical measure) requires a WDNR permit under
Chapter 30 of the Wisconsin Statutes. All other aquatic plant management practices are regulated under
Chapter NR 109, “Aquatic Plants: Introduction, Manual Removal and Mechanical Control Regulations,” of
the Wisconsin Administrative Code.

The aquatic plant management elements described below consider alternative management measures
consistent with the provisions of Chapters NR 103, “Water Quality Standards for Wetlands,” NR 107, and NR
109 of the Wisconsin Administrative Code. Furthermore, the alternative aquatic plant management measures
are consistent with the requirements of Chapter NR 7, “Recreational Boating Facilities Program,” and with
the public recreational boating access requirements relating to eligibility under the State cost-share grant
programs set forth in Chapter NR 1, “Natural Resources Board Policies,” of the Wisconsin Administrative
Code.

Physical Measures
Lake bottom covers and light screens control rooted plants by creating a physical barrier that reduces or
eliminates plant-available sunlight. They are often used to create swimming beaches on muddy shores, to
improve the appearance of lakefront property, and to open channels for motorboats. Various materials can
be used with varied levels of success. For example, pea gravel, which is usually widely available and relatively
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inexpensive, is often used as a bottom cover material despite the fact that plants readily recolonize pea
gravel deposited upon lake bottoms. Other options include synthetic materials such as polyethylene,
polypropylene, fiberglass, and nylon. Synthetic barriers can provide relief from rooted plants for several
years. However, they are susceptible to disturbance by watercraft propellers and to gas build-up from
decaying plant biomass trapped under the barrier and therefore may have to be placed and removed each
year. Whatever the case, the WDNR does not permit these kinds of controls. Consequently, lake-bottom
covers are not a viable aquatic plant control strategy for the Lake.

Biological Measures
Biological controls offer an alternative approach to controlling nuisance or exotic plants. Biological control
techniques traditionally use herbivorous insects that feed upon nuisance plants. This approach has been
effective in some southeastern Wisconsin lakes.108 An example of this type of control is the milfoil weevil
(Eurhychiopsis lecontei). Milfoil weevils do best in lakes with dense Eurasian water milfoil beds where the
plants reach the surface and are close to shore. Furthermore, to prosper, milfoil weevils prefer lakes with
natural shoreline areas where leaf litter provides habitat for over-wintering, have little boat traffic, and which
have balanced panfish populations.109 This technique is not presently commercially available, making the
use of introduced milfoil weevils a non-viable option. Additionally, since the Lake only has a small
population of Eurasian water milfoil, has highly developed shore areas, and has intense boat activity, milfoil
weevils are not well suited for application on most of Nagawicka Lake. However, such an application may
be an option in the future in the northeastern portion of the Lake from the Bark River north to the kettle,
which has more natural shorelines.

Manual Measures
Manual removal of specific types of vegetation provides a highly selective means of controlling nuisance
aquatic plant growth, including invasive species such as Eurasian water milfoil.

Two common manual removal methods are: raking and hand-pulling. Each rely on physically removing
target plants from the Lake. Removing plant material from the Lake reduces nutrient loads and the volume

B. Moorman, A Battle with Purple Loosestrife: A Beginner’s Experience with Biological Control, Lake Line,
Vol. 17, No. 3, pp. 20-21, 34-37, September 1997; see also, C.B. Huffacker, D.L. Dahlsen, D.H. Janzen, and G.G.
Kennedy, Insect Influences in the Regulation of Plant Population and Communities, pp. 659-696, 1984; and
C.B. Huffacker and R.L. Rabb, editors, Ecological Entomology, John Wiley, New York, New York, USA.
108

Panfish such as bluegill and pumpkinseed are predators of herbivorous insects. High populations of panfish
lead to excess predation of milfoil weevils.
109
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of materials that contribute to lake-bottom sediment accumulation, helping to incrementally maintain water
depths and improve water quality. Furthermore, removing target plants reduces their reproductive
potential. Raking and hand-pulling are described in more detail in the following paragraphs.

Raking is conducted in nearshore areas with specially designed hand tools. Raking allows nonnative plants
to be removed in shallow nearshore areas and also provides a safe and convenient method to control
aquatic plants in deeper nearshore waters around piers and docks. The advantages associated with using
rakes include: 1) the tools are relatively inexpensive ($100 to $150 each), 2) they are easy to use, 3) they
generate immediate results, and 4) they immediately remove plant material from a lake (including seeds
and plant fragment) thereby reducing nutrient release and sedimentation from decomposing plant material
and reducing the reproductive potential of target plants. Should Nagawicka Lake residents decide to
implement this method of control, an interested party could acquire a number of these specially designed
rakes for riparian owners to use on a trial basis.).

If lake users are satisfied with rakes, additional property owners should be encouraged to purchase and use
rakes. In areas where other management efforts are not feasible, raking is a viable option to manage overly
abundant or undesirable plant growth.

The second manual control method - hand-pulling whole plants (stems, roots, leaves, and seeds) where
they occur in isolated stands - provides an alternative means of controlling plants such as Eurasian water
milfoil and curly-leaf pondweed. This method is particularly helpful when attempting to target nonnative
plants in the high growth season when native and nonnative species often coexist and intermix. This method
is more highly selective than rakes, mechanical removal, and chemical treatments, and if carefully applied,
is less damaging to native plants. Additionally, physically removing plant materials prevents sedimentation
and nutrient release from targeted plants, which incrementally helps maintain water depth and better water
quality. Physical removal also reduces the amount of target plant seed and plant fragments, which helps
reduce the reproductive ability of the target plants. Given these advantages, hand-pulling Eurasian water
milfoil and curly-leaf pondweed is considered a viable option in Nagawicka Lake, where practical. Volunteers
or homeowners could employ this method, as long as they are properly trained to identify Eurasian water
milfoil, curly-leaf pondweed, or any other invasive plant species of interest. WDNR provides a wealth of
guidance materials, including an instructional video describing manual plant removal, to help educate
volunteers and homeowners.
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Pursuant to Chapter NR 109 of the Wisconsin Administrative Code, aquatic plants may be raked or handpulled without a WDNR permit under the following conditions:

 Eurasian water milfoil, curly-leaf pondweed, and purple loosestrife may be removed if the native plant
community is not harmed in the process.

 No more than 30 lineal feet of shoreline may be cleared and this total must include shoreline lengths
occupied by docks, piers, boatlifts, rafts, and areas undergoing other plant control treatment. In
general, regulators allow vegetation to be removed up to 100 feet out from the shoreline.

 Plant material that drifts onto the shoreline must be removed.

 The shoreline is not a designated sensitive area.

 Raked and hand-pulled plant material must be removed from the lake.

Any other manual removal program requires a State permit, unless specifically used to control designated
nonnative invasive species such as Eurasian water milfoil. In general, State manual aquatic plant removal
permits call for all hand-pulled material to be removed from the lake. No mechanical equipment (e.g.,
towing equipment such as a rake behind a motorized boat or using weed rollers) may be legally used
without a WDNR-issued permit. Recommendations regarding hand-pulling and raking are included in
Chapter III.

Mechanical Measures
Two methods of mechanical harvesting are currently permitted and employed in Wisconsin. These methods
include use of an aquatic plant harvester (mechanical harvesting) and suction harvesting. More details about
each are presented below.

Plant Harvesting
Aquatic plants can be mechanically gathered using specialized equipment known as harvesters. This
equipment consists of an adjustable cutting apparatus that cut plants at selected depths from the surface
to up to about five feet below the water surface and a collection system (e.g., a conveyor and a basket) that
gathers most cut plant material. Mechanical harvesting can be a practical and efficient means of controlling
sedimentation and plant growth, as it removes plant biomass which would otherwise decompose and
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release nutrients and sediment into a lake. Mechanical harvesting is particularly effective for large-scale
projects.

An advantage of mechanical harvesting is that the harvester, when properly operated, “mows” the tops of
aquatic plants, thus typically leaving enough living plant material in the lake to provide shelter for aquatic
wildlife and to stabilize lake-bottom sediment. None of the other aquatic plant management methods leave
living plant material in place after treatment. Aquatic plant harvesting also has been shown to facilitate
growth of suppressed native aquatic plants by allowing light to penetrate to the lakebed. This is particularly
effective when controlling invasive plant species that commonly grow very early in the season when native
plants have not yet emerged or appreciably grown. Finally, harvesting does not kill native plants in the way
that other control methods do. Instead, this method simply trims them back.

A disadvantage of mechanical harvesting is that the harvesting process may fragment plants and,
thereby, unintentionally facilitate the spread of Eurasian water milfoil and starry stonewort, both of
which utilize fragmentation as a means of propagation, particularly in areas where plant roots have been
removed. This further emphasizes the need to prevent harvesting that removes the roots of native plants.
Harvesting may also agitate bottom sediments in shallow areas, thereby increasing turbidity and resulting
in deleterious effects such as smothering of fish breeding habitat and nesting sites. Agitating bottom
sediment also increases the risk of nonnative species recolonization, as invasive species tend to thrive on
disrupted and/or bare lake bottom. To this end, most WDNR-issued permits do not allow deep-cut
harvesting in water less than three feet deep, 110 which limits the utility of this alternative in many littoral
areas. Nevertheless, if employed correctly and carefully under suitable conditions, harvesting can benefit
navigation lane maintenance and can ultimately reduce regrowth of nuisance plants while maintaining
native plant communities.

Some cut plant fragments can escape the harvester’s collection system. This negative side effect is fairly
common. To compensate for this, most harvesting programs include a plant pickup program like the one
Nagawicka Lake currently employs. The plant pickup program uses the harvester to gather and collect
significant accumulations of floating plant debris and includes regular pickup from the docks of lakefront

Deep-cut harvesting is harvesting to a distance of only one foot from the lake bottom. This is not allowed
in shallow areas because it is challenging to properly ensure that the harvester does not hit the lake bottom
in these areas.
110
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property owners who actively rake plant debris onto their docks.111 This kind of program, when applied
systematically, can reduce plant propagation from plant fragments and can help alleviate the negative
aesthetic consequences of plant debris accumulating on shorelines. However, it is important to note that
plant fragments from normal boating activity on Nagawicka Lake (particularly during weekends) create far
more plant fragments than generated from the harvesting operations, with significant accumulations
occurring in the northeastern shoreline due to prevailing wind conditions.112 Therefore, this plant pickup
program is essential for the protection of this Lake, even in areas where harvesting has not recently occurred.

Suction Harvesting (DASH)
An alternative aquatic plant harvesting method has emerged called Diver Assisted Suction Harvesting
(DASH). First permitted in 2014, DASH (also known as suction harvesting) is a mechanical process where
divers identify and pull select aquatic plants by their roots from the lakebed and then insert the entire plant
into a suction hose that transports the plant to the lake surface for collection and disposal. The process is
essentially a more efficient and wide-ranging method for hand-pulling aquatic plants. Such labor-intensive
work by skilled professional divers is, at present, a costly undertaking and long-term evaluations will be
needed to evaluate the efficacy of the technique. Nevertheless, many apparent advantages are associated
with this method, including: 1) lower potential to release plant fragments when compared to mechanical
harvesting, raking, and hand-pulling, thereby reducing spread and regrowth of invasive plants like Eurasian
water milfoil; 2) increased selectivity in terms of plant removal when compared to mechanical and hand
harvesting, thereby reducing the loss of native plants; and 3) lower potential for disturbing fish habitat.
However, given how costly DASH can be with the minimal amount of Eurasian water milfoil in the Lake,
DASH is not considered a viable control option for managing Eurasian water milfoil throughout Nagawicka
Lake. However, DASH can provide relief of nuisance native and nonnative plants around piers. If individual
property owners choose to employ DASH, an NR 109 permit is required.

Both mechanical harvesting and suction harvesting are regulated by WDNR and require a permit.
Non-compliance with permit requirements is legally enforceable and may lead to fines and/or complete
permit revocation. The information and recommendations provided in this report will help frame permit

The plant pick-up program could also collect plant materials generated by landowner raking and/or handpulling along their own shoreline.
111

Personal Communication, Tom Hafner, City of Delafield Department of Public Works.

112
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requirements. Permits can be granted to cover up to a five-year period.113 At the end of that period, a new
plant management plan must be developed. The updated plan must consider the results of a new aquatic
plant survey and must evaluate the success or failure and effects of completed plant management
activities.114 These plans and plan execution are overseen by the WDNR aquatic invasive species coordinator
for the region.115 Recommendations are included in Chapter III.

Chemical Measures
Use of chemical herbicides in aquatic environments is stringently regulated and requires a WDNR permit
and WDNR staff oversight during application. Chemical herbicide treatment is a short-term method to
control heavy growths of nuisance aquatic plants. Chemicals are applied to growing plants in either liquid
or granular form. The advantages of using chemical herbicides to control aquatic plant growth include
relatively low cost as well as the ease, speed, and convenience of application. Disadvantages associated with
chemical control include:

Unknown and/or conflicting evidence about long-term effects of chemicals on fish, fish food sources,
and humans—The U.S. Environmental Protection Agency studies aquatic plant herbicides to rule out shortterm (acute) effects on humans and wildlife. Additionally, some studies also examine long-term (chronic)
effects of the chemical on animals (e.g., the effects of being exposed to these herbicides for many years).
However, it is often impossible to conclusively state that no long-term effects exist due to the animal testing
protocol, time constraints, and other issues. Additionally, long-term studies have not addressed all
potentially affected species.116 For example, conflicting studies/opinions exist regarding the role of the
chemical 2,4-D as a human carcinogen.117 Some lake property owners judge the risk of using chemicals as
being too great, despite legality of use. Consequently, the concerns of lakefront owners should be
considered whenever chemical treatments are proposed. Additionally, if chemicals are used, they should be

Five-year permits are granted so that a consistent aquatic plant management plan can be implemented
over that time. This process allows the aquatic plant management measures that are undertaken to be
evaluated at the end of the permit cycle.
113

Aquatic plant harvesters must submit reports documenting harvesting activities as an integral part of permit
requirements.
114

Information on the current aquatic invasive species coordinator can be found on the WDNR website.

115

U.S. Environmental Protection Agency, EPA-738-F-05-002, 2,4-D RED Facts, June 2005.

116

M.A. Ibrahim, et al., Weight of the Evidence on the Human Carcinogenicity of 2,4-D, Environmental Health
Perspectives, Vol. 96, December 1991, p. 213-222.
117
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applied as early in the season as practical and possible. This helps assure that the applied chemical
decomposes before swimmers and other lake users begin to actively use the lake.118

1. An increased risk of algal blooms—Water borne nutrients promote growth of aquatic plants and
algae. If rooted aquatic plants are not the primary user of water-borne nutrients, algae tends to be
more abundant. Action must be taken to avoid both loss of native plants and excessive chemical use,
which can compromise the health of a lake’s native plant community and reduce the ability of rooted
aquatic plants to compete with algae for limiting nutrients. Balance must be maintained between
rooted aquatic plants and algae -- when the population of one declines, the other may increase
in abundance to nuisance levels. In addition to decreasing competition for water-borne nutrients,
the death and decomposition of aquatic plants can increase nutrient levels in lake water. Higher
nutrient concentrations fuel aquatic plant and algal growth.

2. A potential increase in organic sediments, and associated anoxic conditions, can stress aquatic
life and cause fish kills—When chemicals are used to control large mats of aquatic plants, the dead
plant material generally settles to the bottom of a lake and subsequently decomposes. This process
leads to an accumulation of organic-rich sediment and can deplete oxygen from the water column
as bacteria decompose plant remains. Stratified lakes, such as Nagawicka Lake, are particularly
vulnerable to oxygen depletion, especially in summer in deeper areas of the Lake. Excessive oxygen
loss can inhibit a lake’s ability to support certain fish and can trigger processes that release
phosphorus from bottom sediment, further increasing lake nutrient levels. These concerns emphasize
the need to limit chemical control to early spring, when Eurasian water milfoil has not yet formed
dense mats.

3. Adverse effects on desirable aquatic organisms due to loss of native species—Native plants,
such as pondweeds, provide food and spawning habitat for fish and other wildlife. A robust and
diverse native plant community is a foundational element to the overall conditions a lake needs to
provide and host desirable gamefish populations since fish, and the organisms fish eat, require
aquatic plants for food, shelter, and oxygen. If native plants are unintentionally lost due to insensitive
herbicide application, fish and wildlife populations often suffer. Consequently, if chemical herbicides

Though the manufacturers indicate that swimming in 2,4-D-treated lakes is allowable after 24 hours, it is
possible that some swimmers may want more of a wait time to ensure that they receive less exposure to the
chemical. Consequently, allowing for extra time is recommended, so that residents and Lake users can feel
comfortable that they are not being unduly exposed.
118
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are applied to the Lake, these chemicals must preferentially target Eurasian water milfoil or curly-leaf
pondweed. Such chemicals should be applied in early spring when native plants have not yet
emerged.

4. A need for repeated treatments due to re-emergence of target plants from existing seed banks
and/or plant fragments—As mentioned previously, chemical treatment is not a one-time solution.
The fact that the treated plants are not actively removed from the Lake increases the potential for
viable seeds/fragments to remain after treatment, thereby allowing for resurgence of the target
species the next year. Additionally, leaving large areas void of plants (both native and invasive) creates
a disturbed area without an established plant community. Eurasian water milfoil thrives in disturbed
areas. In summary, applying chemical herbicides to large areas can provide opportunities for reinfestation which in turn necessitates repeated herbicide applications.

5. Hybrid water milfoil’s resistance to chemical treatments—Hybrid water milfoil complicates
management since research suggests that certain strains may have higher tolerance to commonly
utilized aquatic herbicides such as 2,4-D and Endothall.119,120 Consequently, further research on the
efficacy and impacts of herbicides on hybrid water milfoil needs to be conducted to better
understand the appropriate dosing applied within Nagawicka Lake.

As discussed previously, other factors complicate chemical herbicide application in lakes, namely, coincident
growth of Eurasian water milfoil and native species, the physical similarities between native water milfoil
and Eurasian water milfoil, and the presence of hybrid Eurasian water milfoil. Hybrid water milfoil has been
verified to exist in Nagawicka Lake. Since Eurasian water milfoil tends to grow early in the season, early
spring chemical application is an effective way to target the Eurasian water milfoil while minimizing
impact to desirable native plants. Early spring is a subjective term that is tied to overall weather conditions,
ice-off dates, the type of chemicals applied, and the plant species targeted by the application effort. With
these conditions in mind, “early spring” can mean as early as April or as late as June. Early spring application
has the advantage of being more effective due to the colder water temperatures, a condition enhancing
herbicidal effects and reducing the dosing needed for effective treatment. Early spring treatment also

L.M. Glomski, M.D. Netherland, “Response of Eurasian and Hybrid Watermilfoil to Low Use Rates and
Extended Exposures of 2,4-D and Triclopyr,” Journal of Aquatic Plant Management, Vol. 48, 2010, p. 12-14.
119

E.A. LaRue, et al., “Hybrid Watermilfoil Lineages are More Invasive and Less Sensitive to a Commonly Used
Herbicide than Their Exotic Parent (Eurasian Watermilfoil),” Evolutionary Applications, Vol. 6, 2013, p. 462471.
120
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reduces human exposure (swimming is not particularly popular in very early spring) and limits the potential
for unintentional damage to native species.

Another factor to consider is the history of chemical treatment on Nagawicka Lake (see Table 2.22) and
the ways target plants have reacted to these treatments. The first recorded chemical treatments were
completed in 1950 and have continued until the present, although, since 2003, the aquatic plant control
program has shifted away from chemical treatment and toward mechanical harvesting as a major element
of the aquatic plant management strategy in the Lake. Some individual riparians and property owners’
associations manually harvest aquatic plants around piers and docks and along their shorelines, and some
have treated specific areas of the Lake with chemical herbicides.

While comparatively modest populations of Eurasian water milfoil are present in Nagawicka Lake, other
plants do impede navigation. Therefore, while chemical treatment is not necessary to actively control for
the current population of Eurasian water milfoil, it is a viable option for resolving navigation problems in
critical areas of the Lake. Whatever the case, monitoring should continue to ensure that Eurasian water
milfoil and curly-leaf populations are not allowed to spread or otherwise become more problematic. If
further monitoring suggests an increase in these invasive species populations, chemical treatment should
be reviewed as a management option.

Other Aquatic Plant Management Issues of Concern
The recommendations presented in this section address monitoring and controlling aquatic plants already
found in the Lake. Many allied activities can inhibit or prevent future nuisance aquatic plant growth, which,
in turn, helps avoid adverse effects related to many in-lake control alternatives. A number of factors create
a lake environment conducive to “excessive” plant growth, both in terms of Eurasian water milfoil and native
plants. For example, poor water quality with high phosphorus content (which can result from polluted
surface water runoff or from internal loading) provides the building blocks that all plants need to thrive and
eventually reach what is perceived as nuisance levels. Consequently, implementing recommendations to
improve water quality must be integral to any comprehensive aquatic plant management plan. This is the
reason why many of the issues of concern discussed below under “Water Quality” are also priorities for
aquatic plant management. Recommendations related to these factors are included in Chapter III of this
report.

Lake users should be vigilant regarding new invasive species and should proactively manage the very real
threat of new species colonizing the Lake. Many additional aquatic invasive species threaten lakes but are
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not known to be present in Southeastern Wisconsin (e.g., hydrilla (Hydrilla verticillata) or, if found in
Southeastern Wisconsin, are not found in Nagawicka Lake (e.g., yellow floating heart (Nymphoides peltata).
Such species can cause harm to the ecology of a lake; therefore, ways to protect Nagawicka Lake against
new nonnative species are discussed in Chapter III of this report.

2.5 CYANOBACTERIA AND FLOATING ALGAE
Algae is an important and healthy part of lake ecosystems. Algae is a foundational component of lake food
chains and produces oxygen in the same way as rooted plants. Many kinds of algae exist, from single-cell,
colonial, and filamentous algae to cyanobacteria (see Figure 2.77). Most algae strains are beneficial to lakes
when present in moderate levels. However, the presence of toxic strains (see Figure 2.78), as well as excessive
growth patterns, should be considered issues of concern. As with aquatic plants, algae grows faster in the
presence of abundant phosphorus (particularly in stagnant areas). Consequently, when toxic or high
volumes of algae begin to grow in a lake, it often is a sign of phosphorus enrichment or pollution.

Algae populations are quantified by abundance and composition. Suspended algal abundance is estimated
by measuring the chlorophyll-a concentration in the water column. High concentrations are often
associated with green-colored water. Samples also can be examined to determine if the algae is toxic or
nontoxic. Chlorophyll-a measurements have been taken in the Lake, as discussed in the “Water Quality”
section of this report. Recent chlorophyll-a concentrations are well below eutrophic levels, suggesting few
if any algal blooms. Recommendations for continuing water quality measurements such as chlorophyll-a
are discussed in Chapter 3 of this report.

2.6 RECREATION
Nagawicka Lake is a multi-purpose waterbody serving a variety of recreational and other uses. Active
recreation includes boating, waterskiing, tubing, swimming, and fishing during the summer months, and
cross-country skiing, snowmobiling, and ice fishing during the winter. The Lake is used year-round as a
visual amenity with walking, bird watching, and picnicking being popular passive recreational uses of this
waterbody. Its location, lying in the vicinity of the Lapham Peak Unit of the Kettle Moraine State Forest, and
within easy travel distance from the metropolitan areas of Milwaukee and Chicago, makes this Lake a
popular recreational destination.
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Public Access on Nagawicka Lake
Public access to Nagawicka Lake is shown on Map 2.33 and includes several parks, fishing piers and boat
launch sites. 121 Naga-Waukee Park, which is owned and operated by the Waukesha County Department of
Parks and Land Use, is a 206-acre park (414 acres including the 18-hole golf course) that provides a public
beach, campgrounds, and a paved launch facility with parking. The entrance fee for Naga-Waukee Park is
currently $4.00 per car. Access to the boat launch, which is located on Mariner Drive along the southeast
shore of the Lake, is $6.00 for a carry-in, $6.50 for trailered watercraft on weekdays and $8.00 for trailered
watercraft on weekends. Annual passes are offered for a fee of $32.00 for adults and $16.00 for seniors. In
addition to Naga-Waukee Park, there is a boat launch, operated by the City of Delafield, located on Bleeker
Street on the western shoreline of the Lake near the outlet. It provides access exclusively to citizens of the
City of Delafield and requires a permit from City Hall. Boat mooring for the purpose of long-term residence,
sleeping, or camping is prohibited. Given what is known about the site, boat launch facilities and fees appear
to conform to the maximum requirements set forth in Chapter NR 1 of the Wisconsin Administrative Code.
Compliance with this section is important, since certain grant and assistance funding is predicated by
compliance with Chapter NR 1. It appears that the Town launch fees could be increased by at least $2.00.122
Launch fees can influence the intensity of use of the launch facility, and can be considered as part of a
program to help avoid excess boat densities on the Lake. This is discussed in more detail in Chapter 3.

Boat Counts on Nagawicka Lake
The types of watercraft docked or moored on a lake, as well as the relative proportion of non-motorized to
motorized watercraft, reflect the attitudes of the primary users of the lake, the riparian residents. To help
characterize the recreational use of Nagawicka Lake, a watercraft census (i.e., a boat count along the
shoreline) was completed by SEWRPC staff during summer 2016. At the time of the survey, 1,246 boats were
observed either moored in the water or stored on land in the shoreland areas around Nagawicka Lake
(Table 2.23). This is an increase of 196 watercraft from a census completed by SEWRPC staff in 2002.123
However, kayaks were not included in the 2002 census. Considering that 151 kayaks were counted in 2016,

121Maps

available on the WDNR Surface Water Data Viewer also depict a canoe launch on the southwestern shore of
Nagawicka Lake.

122NR

1.91(11)a encourages free boat launching but allows a maximum one-day base fee equivalent to the one-day fee
for residents to enter State parks ($8.00 at the time of this report). NR1.91(11)b allows additional surcharges based upon
the presence of an attendant (20% base fee surcharge), the size of boats served (30% base fee surcharge for boats between
20 and 26 feet in length and 60% base fee surcharge for boats greater than 26 feet in length), and the presence of on-site
toilet facilities (20% base fee surcharge).

123 SEWRPC

Memorandum Report No. 161, An Aquatic Plant Management Plan for Nagawicka Lake, Waukesha County,
Wisconsin, March 2006.
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it is possible that a similar number of kayaks were present in 2002 and that the number of watercrafts
around Nagawicka Lake has remained fairly steady. On Nagawicka Lake, about 21 percent of all docked or
moored boats were motorized, with pontoon boats, power boats, and personal watercraft being the most
common types. Of the non-motorized watercraft observed, kayaks, canoes, and sailboats were most
common. To assess the degree of recreational boating use of a lake, it has been estimated that, in
southeastern Wisconsin, the number of watercraft operating at any given time is 2 to 5 percent of the total
number of watercraft docked and moored. On Nagawicka Lake, this would amount to about 25-60 boats.

Another way to assess the degree of recreational boat use on a lake is through direct counts of boats
actually in use on a lake at a given time. Surveys to assess the types of watercraft in use on a typical summer
weekday and a typical summer weekend day on Nagawicka Lake were conducted by SEWRPC staff in the
summer 2016. The results of these surveys are shown in Table 2.24. As shown in this table, the most popular
boats observed were:

 Weekend mornings: 1) sailboats; 2) powerboats

 Weekend midday-early afternoon: 1) powerboats; 2) pontoon boats

 Weekday mornings (early): 1) fishing boats

 Weekday midday-early afternoon: 1) powerboats; 2) sailboats

 Weekday late afternoon-early evening: 1) fishing boats; 2) powerboats, pontoon boats, sailboats
Kayaks and canoes were also popular types of watercraft in use, with midday being an especially popular
time for kayaking. General use observations made by SEWRPC staff are that Nagawicka Lake appears to
experience especially heavy use by recreational boaters during open water periods.

Wisconsin Boating Surveys
The type of boating taking place varies by the day of the week, time of day, and prevailing weather
conditions. According to a Statewide survey that subdivided results by region,124 boaters in Southeastern
Wisconsin took to the water in the greatest numbers during July, with slightly lower numbers of boaters

124Wisconsin

Department of Natural Resources Technical Bulletin 174, Boating Pressure on Wisconsin’s Lakes and Rivers,
Results of the 1989-1990 Wisconsin Recreational Boating Study, Phase 1, 1991.
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found on the water during June and August (Table 2.25). These months account for approximately twothirds of the total number of boater-days logged in the Region for the entire year. About three times as
many boaters use their boats on weekends than weekdays (Table 2.26).

Fishing was the most popular activity in Southeastern Wisconsin in both spring and fall, and remains a
leading reason for boat use throughout the summer (Table 2.25). Again, the data produced by the
Commission’s boat count on Nagawicka Lake corresponds quite well with regional averages, suggesting
that Nagawicka Lake boating activity is in line with regional averages. The typical boat used on inland lakes
in Southeastern Wisconsin is an open hulled vessel measuring approximately 18 feet long, powered by a
motor producing approximately 90 horsepower (Tables 2.27 and 2.28). Sailboats comprise approximately
24 percent of boat traffic (15 percent non-powered and 9 percent unpowered), while other unpowered
boats comprise only two percent of boats found on waterbodies in the Region.

Boating Pressure on Nagawicka Lake
Only a few respondents to the WDNR boating survey felt that excessive boat traffic was present on
Southeastern Wisconsin lakes.125 A study completed in Michigan attempted to quantify desirable levels of
boat traffic on an array of lakes used for a variety of purposes. That study concluded that 10 to 15 acres of
useable lake area provides a reasonable and conservative average maximum desirable boating density,126
and covers a wide variety of boat types, recreational uses, and lake characteristics.127 Use rates above this
threshold are considered to negatively influence public safety, environmental conditions, and the ability of
a lake to host a variety of recreational pursuits. High-speed watercraft require more space, necessitating
boat densities less than the low end of the range. The suggested density for a particular lake is:

Minimum desirable acreage per boat = 10 acres + (5 acres x (high-speed boat count/total boat count))

The SEWRPC watercraft survey demonstrates that highest boat use on the Lake occurs during weekends.
Approximately 30 to 50 percent of boats in use during peak periods were capable of high-speed operation.
Given this range, the formula presented above suggests that 11.5 to 12.5 acres of useable open water should
be available per boat on the lake. Given that roughly 686 useable acres are available for boating in

125 Ibid.
126 Useable

lake area is the size of the open water area that is at least 100 feet from the shoreline.

127Progressive

AE, Four Township Recreational Carrying Capacity Study, Pine Lake, Upper Crooked Lake, Gull Lake,
Sherman Lake, Study prepared for Four Township Water Resources Council, Inc. and the Townships of Prairieville, Barry,
Richland, and Ross, May 2001.
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Nagawicka Lake, no more than 55 to 60 boats should be present on the lake at any one time to avoid use
problems. The density of boats actually observed on Nagawicka Lake is usually less than the maximum
optimal density. However, the results of the boating survey show that this density can be exceeded on
weekends during the summer (Table 2.26).

Recreational Activities in/on Nagawicka Lake
Table 2.29 shows how people were using Nagawicka Lake on typical summer weekdays and typical summer
weekends in 2016. The most popular recreational activities, both during the week and on the weekends,
included pleasure boating, swimming, fishing from boats, and sailing. Visiting Naga-Waukee Park also was
a popular activity. Participation has increased in all boating activities since the 2002 survey.128 However, it
appears that pleasure boating has increased significantly both on weekends and weekdays. The 2002 survey
indicated weekend and weekday pleasure boating accounted for 13 and 15 percent of participants,
respectively. In 2016, weekend and weekday pleasure boating accounted for 42 and 37 percent of
participants, respectively. Participation in nonboating activities (e.g., swimming, park-going) decreased by
half from approximately 60 percent in the 2002 survey to approximately 30 percent of all participants in
2016.

Boating and In-Lake Ordinances
Boating and in-lake ordinances regulate the use of the Lake in general, and, when implemented properly,
can help prevent inadvertent damage to the Lake such as excessive noise and wildlife disturbance, severe
shoreline erosion from excessive wave action reaching the shoreline, and agitation of sediment and aquatic
vegetation in shallow areas. Controls on boat traffic are currently set forth in Chapter 19, Parks and Public
Waters, of the City of Delafield Code of Ordinances, and include a 25-mph speed limit restriction during
increased Lake use in June, July, and August.129 These ordinances are generally enforced by a WDNR warden,
the Delafield Water Safety Patrol Unit, or by the local law enforcement agency.

2.7 FISH AND WILDLIFE

Healthy fish, bird, amphibian, reptile, and mammal populations require 1) good water quality, 2) sufficient
water levels, 3) healthy aquatic and terrestrial plant populations and species mixes, 4) access to life-cycle

128 SEWRPC

Memorandum Report No. 161, An Aquatic Plant Management Plan for Nagawicka Lake, Waukesha County,
Wisconsin, March 2006.

129Chapter

19, Parks and Public Waters and other City of
https://library.municode.com/wi/delafield/codes/code_of_ordinances.

Delafield

ordinances

can
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critical habitat, and 5) well preserved or maintained aquatic and terrestrial habitat. Wildlife populations can
be maintained or even nhanced by implementing “best management practices” (BMPs). Since water supply
maintenance, water quality enhancement and aquatic plant management (all of which help maintain or
enhance wildlife populations) have been discussed previously in this chapter, this section focuses on issues
that help maintain and expand habitat, allow key management decisions to be made, and using BMPs and
targeted strategies to enhance aquatic and terrestrial wildlife populations. Each is discussed below.

Aquatic Wildlife Enhancement
Aquatic wildlife populations can be enhanced by implementing BMPs and enhancing aquatic habitat. Each
is discussed below.

Fishery Management Practices
Fishery management practices can be implemented by homeowners, recreationalists, and resource
managers. Such activities include catch and release angling and fish habitat enhancement, both of which
help improve a lake’s overall fishery. To determine the most needed and effective practices, it is important
to consider the following:

1. The population and size structure of the fish species present in a lake—Studies that examine the
species, populations, and size structure of fish in a lake help managers understand issues that may
face fish populations. For example, if low numbers of juvenile fish are found, this may suggest that
the fish are not successfully reproducing in the lake, and, therefore, spawning and rearing habitat
may need to be improved. Similarly, if abundant juveniles are found with few large fish, over-fishing
may be a factor limiting the maturation of fish, thereby suggesting that catch and release should be
promoted in the lake. This type of information can help lake managers target specific fish population
enhancement efforts efficiently and effectively.

2. Native fish species and the history of fish stocking in a lake—To evaluate fish populations, it is
important to know the number, size, and species of fish introduced through stocking. For example,
if only large stocked fish exist in a lake, it is likely that little to no effective natural spawning is actually
taking place, which in turn means that the lake’s fishery is highly dependent on fish stocking. This
may suggest that enhanced or artificial spawning and rearing areas can add value to the lake’s fishery.

The WDNR reports that largemouth bass (Micropterus salmoides) are considered “common” in Nagawicka
Lake, while various panfish, smallmouth bass (Micropterus dolomieu), northern pike (Esox lucius), and walleye
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pike (Sander vitreus) are “present.”130 The WDNR completed a fishery survey during spring 2010 that relied
upon netting and electrofishing.131 This study found the following species present in the lake at various
levels of abundance, age, and size: walleye pike, northern pike, smallmouth bass, largemouth bass, bluegill
(Lepomis macrochirus), rock bass (Ambloplites rupestris), yellow perch (Perca flavescens), black crappie
(Pomoxis nigromaculatus), pumpkinseed ((Lepomis gibbosus), bowfin (Amia calva), yellow bullhead (Ictalurus
natalis), lake chubsucker (Erimyzon sucetta, a Wisconsin listed species of special concern), and a few
common carp(Cyprinus carpio). Carp are not considered to be a management concern in this fishery. The
WDNR again sampled fish in the Lake during 2017, but the results of this study are not yet available.

Many recommendations were made by the WDNR as part of the most recent published fishery evaluation.
These recommendations included the following recommended actions.

 Transition to a more restrictive length and bag limit for walleye to continue protection of female
walleyes for multiple spawning seasons and potentially increase the contribution of natural
recruitment to the walleye population.

 Convert from stocking small fingerling to large fingerling walleyes to increase survival and overall
adult abundance.
 Monitor walleye population for contribution of stocked versus naturally reproduced fish to each year
class.

 Continue regular stocking of large fingerling northern pike to increase survival and improve overall
abundance.

 With high mortality rates above the 26-inch minimum size limit, restrict angler harvest to one northern
pike per day with a 32-inch minimum length limit.

 Continue to monitor bass and panfish populations through catch rates, average sizes, and abundance
estimates.

130More

information
can
be
found
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dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=828000
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131Heussner, Benjamin, Steven Gospodarek, and Andrew Notbohm (WDNR), Comprehensive Survey
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 Monitor white sucker population and spawning success because of their importance as a gamefish
forage species.

 Protect and improve habitat and water quality to promote diverse and healthy fish communities.

White suckers are a vital foundation part of the Lake’s fishery,132 supporting the population of popular
gamefish such as the walleye, northern pike, and bass. White suckers spawn in rocky streams, and depend
entirely on unfettered access to the Lake’s only significant perennial tributary – the Upper Bark River.
Without access to this stream, white sucker abundance would radically decline, and with it, the population
of popular gamefish.

In addition to suckers, many native fish will migrate for long distances upstream during spawning migrations
to find habitat suitable for spawning and rearing of newly hatched fish. For example, smallmouth bass are
known to migrate 60 miles, walleye have been observed to migrate 150 miles, and northern pike migrate
up to 200 miles. Therefore, maintaining and enhancing the ability for fish to migrate from the Lake to
upstream reaches of the River is vital for overall gamefish abundance and health. Actions that improve the
ability for fish to expend less energy to access suitable habitat and/or that increase the quantity of accessible
suitable habitat have the potential to increase the abundance, health, size, and sustainability of both forage
fish and gamefish. Such action should include manipulating structures that do not produce complete fish
passage barriers.133

Nagawicka Lake has been intermittently stocked by public agencies for over 110 years. During 1899, 560,000
walleye fry were planted into Nagawicka Lake.134 Furthermore, at least 15,000 brook trout were planted into
the Bark River watershed in the vicinity of the Village Hartland between 1891 and 1892.135 Nagawicka Lake
has regularly been stocked with northern pike and walleye since 1981 (see Table 2.30). In addition,

132Heussner,

op. cit.

133Some

fish barriers are easy to identify (e.g., dams, cascading culvert outfalls) while other are not immediately evident
without intimate knowledge of fish swimming performance and fish behavior. Examples of such features include structures
that pass water at excessive velocity only during the high water periods which favor fish migration, excessively long
structures, and portions of streams that cease flowing above the bed during dry periods which can prevent downstream
migration of juvenile fish.

134Democrat

Printing Company, State Printer, Biennial Report of the Commissioners of Fisheries of Wisconsin for the
Years 1899 and 1900, Madison, Wisconsin, 1901.

135Democrat

Printing Company, State Printer, Fourteenth (Fifth Biennial) Report of the Commissioners of Fisheries of the
State of Wisconsin 1891-1892, Madison, Wisconsin, 1898.
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Nagawicka Lake was identified by WDNR as a good candidate for walleye stocking under the Wisconsin
Walleye Initiative,136 a program designed to help improve walleye populations and the success of natural
reproduction across Wisconsin.

Nagawicka Lake and other large, deep lakes in the immediate vicinity are biologically unique. Many of these
deep lakes naturally host or formerly hosted cisco (Coregonus artedi), a fish sometimes also known as lake
herring. Cisco require cold water during summer months, retreating to well oxygenated deepwater areas.
Such conditions only occur in deep lakes with high water quality. Unfortunately, this fish persists in only a
handful of Waukesha County lakes (Fowler, North, Oconomowoc, Okauchee, and Pine Lakes).137 However,
it was once widespread in Waukesha County, and was also formerly found in Lac La Belle, Nagawicka, Upper
and Lower Nashotah, Upper Nemahbin, Golden, and Dutchman Lakes.138

The WDNR still manages Nagawicka as a two-story lake, even though the conditions supporting this
desirable classification are currently severely compromised with actual conditions that are likely incapable
of supporting a two-story fishery. Even though cisco formerly inhabited the Lake, heavy nutrient loads
formerly delivered to the Lake caused conditions that depleted oxygen in the cold, deep habitat necessary
for cisco survival. With the loss of oxygen in this refuge area, cisco could no longer persist in the Lake.
Similar conditions likely eliminated cisco from downstream lakes, a situation preventing natural restocking.

It is important to note that Nagawicka Lake still cannot support adult ciscoes based upon an analysis of the
Lake’s oxythermal conditions as shown in Figure 2.79. The dashed red line in Figure 2.79 depicts the
parametrically fitted lethal niche boundary for adult Ciscoes, which clearly shows that there are often
frequent lethal combinations of temperature and oxygen concentrations (all points to the right and below
the dashed red line) in both summer and fall time periods.

However, recent temperature and oxygen concentrations within Nagawicka Lake have improved and if this
trend continues cisco could possibly someday once again successfully survive and reproduce in the Lake.

136 The Wisconsin Walleye Initiative was developed by the Wisconsin Department of Natural Resources and the
Wisconsin Governor’s office. For more information and progress updates:

dnr.wi.gov/topic/fishing/outreach/walleyeinitiative.html.
137Lyons,

John, Jeff Kampa, Tim Parks, and Greg Sass, The Whitefishes of Wisconsin’s Inland Lakes: The 2011-2014
Wisconsin Department of Natural Resources Cisco and Lake Whitefish Survey, Fisheries and Aquatic Research Section,
Wisconsin Department of Natural Resources, February 2015.
138Cahn,

Alvin Robert, An Ecological Study of Southern Wisconsin Fishes, Illinois Biological Monographs, Volume XI,
Number 1, January 1927.
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Cisco would add another component to the winter fishery and would fill a vacant ecological niche enhancing
the Lake’s forage fish base without competing for resources with fish already present in the Lake. This
generally benefits popular fish-eating gamefish. Continued water quality improvement initiatives may
expand and solidify potential habitat. Efforts should be made to reintroduce this native fish to the Lake.

Aquatic Habitat Enhancement
Aquatic habitat enhancement generally refers to encouraging native aquatic plant (particularly pondweed)
growth within a lake, as these plants provide food, shelter, and spawning areas for fish. Additionally, aquatic
habitat enhancement also involves protecting wetlands (see “Terrestrial Habitat Enhancement” subsection
below), maintaining good ecological connectivity between each lake and its watershed, and encouraging
the presence of coarse woody structure along shorelines. Coarse woody structure is found in abundance in
natural environments, provides shelter for fish populations, acts as basking and rest areas for herptiles (e.g.,
frogs and turtles), may provide perch areas for important birds and insects, and can also help protect
shorelines from erosion in some instances.

To determine the state of the aquatic habitat within the Lake in the summer of 2016, SEWRPC staff
completed an aquatic plant survey (see Aquatic Plant section), and a shoreline assessment (see Shoreline
section).139 The results of the aquatic plant survey revealed that Nagawicka Lake has high plant diversity.
The shoreline assessments concluded that Nagawicka Lake has some areas of erosion and unprotected
areas along its shoreline, and sparse areas of coarse woody structure exist. Consequently, recommendations
related to these findings are discussed in Chapter 3 of this report.

It is important to note that healthy aquatic ecosystems require a variety of habitat and substrate. For
example, fish spawning, rearing, refuge, and feeding commonly take place in very different environments.
The WDNR describes the bottom substrates of Nagawicka Lake as being comprised of 60 percent gravel
and 40 percent muck (generally a mixture of organic debris and silt). Substrate composition was also noted
as part of SEWRPC’s 2016 aquatic plant survey. In Nagawicka Lake, muck was the most predominant
substrate, accounting for 53 percent of the points sampled, sand was found at 45 percent of the sampled
points, and rock or gravel was found at 2 percent of the points sampled. Sand and gravel were primarily
found scattered along the shorelines of Nagawicka Lake, most likely placed by property owners to augment

Pondweed species are significant in a lake because they serve as excellent habitat for providing food and shelter to
many aquatic organisms.

139
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their shorelines and reduce aquatic plant growth. Locations deeper than 15 feet were not sampled for plants
or substrate.

Terrestrial Wildlife
Two general practices can enhance terrestrial wildlife populations. These practices include active
implementation of BMPs and terrestrial habitat enhancement. Each is discussed below.

Terrestrial Best Management Practices
The way people manage their individual properties and interact with wild animals and natural plants can
significantly affect terrestrial wildlife populations. Turtles, for example, often travel long distances from their
home lake or stream to lay eggs. If pathways to acceptable habitats are unavailable, or are dangerous due
to pets, fences, or traffic, turtle populations will likely decline. Many conservation organizations have
developed BMPs or behaviors that homeowners and land managers can employ to sustain, or even increase,
wildlife populations.

Though some of these BMPs are species- or animal-type specific (e.g., spaying or neutering cats to limit
feral cat populations, thereby reducing the desire to kill birds) many of these recommendations relate to
general practices that can benefit all wildlife. In general, BMPs for wildlife enhancement target agricultural
and residential lands. Agricultural measures tend to focus on encouraging land management that enhances
habitat value, such as allowing fallen trees to naturally decompose where practical, or allowing for uneven
topography in certain landscapes (which creates microhabitats needed by certain plants and animals to
persist and procreate). In contrast, residential measures tend to focus on practices that owners of smaller
parcels can initiate that provide habitat, enhance water quality, enhance aesthetics, and/or maintain natural
communities. Examples include installing a rain garden, avoiding heavy applications of fertilizers or
pesticides, landscaping to provide food and cover for native species, or preventing the introduction of
nonnative plants and insects. Other recommendations are generally applicable to all landowners. For
example, indiscriminant or careless killing of native wildlife, particularly amphibians, reptiles, and birds, is
discouraged.

Actively communicating BMPs to the public often provides an excellent means of encouraging wildlife
populations without major investment of public funds and is discussed further in Chapter 3 of this report.
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Terrestrial Habitat Enhancement
Terrestrial wildlife needs relatively large, well-connected areas of natural habitat. Consequently, protecting,
connecting, and expanding natural habitat is crucial if wildlife populations are to be maintained or
enhanced. Open space natural areas can generally be classified as either wetlands or uplands, as described
below:

1. Wetlands—Wetlands are defined based on hydrology, hydric soils, and the presence of wetland
plants. There are many types of wetlands (Figure 2.80), ranging from the traditionally familiar
cattail/bulrush wetland to forested wetlands. Most aquatic and terrestrial wildlife relies upon, or is
associated with, wetlands for at least a part of their lives. This includes crustaceans, mollusks, aquatic
insects, fish, amphibians, reptiles, mammals (e.g., deer, muskrats, and beavers), and various bird
species, (e.g., resident species such as turkey and songbirds, and migrant species such as sandhill and
whooping cranes).

2. Uplands—Uplands are areas not classified as wetland or floodplain. They are often characterized by
greater depth to groundwater and drier, less organic, more stable soil. Like wetlands, natural uplands
exist in many forms (e.g., prairies, woodlands) and provide many critical functions for many upland
game and nongame wildlife species through provision of critical breeding, nesting, resting, and
feeding areas, as well as providing refuge from predators. However, unlike wetlands, the dry and
stable soils make uplands more desirable for urban development and, therefore, such areas are more
challenging to protect.

Both wetlands and uplands are critical to wildlife populations. However, the dynamic interactions and
movement between these two types of land are also crucial because many terrestrial organisms spend part
of their time in wetlands and the rest of their time in upland areas. For example, toads live most of their
lives in upland areas but depend on wetlands for breeding. Consequently, if connections between uplands
and wetlands are compromised (e.g., if a large road is placed between two land types), it makes it dangerous,
if not impossible, for amphibians to gain access to their breeding grounds, thereby reducing their ability to
seasonally migrate or reproduce. In fact, habitat fragmentation (i.e., the splitting up of large connected
habitat areas) has been cited as the primary global cause of wildlife population decreases.140 Therefore,
protecting and expanding uplands and wetlands, providing naturalized transition habitat, and maintaining

140Lenore

Fahrig, “Effects of Habitat Fragmentation on Biodiversity,” Annual Review of Ecology, Evolution, and
Systematics, Volume 34, pp. 487-515, 2003.
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or enhancing connectivity, help maintain or enhance wildlife populations. In addition, see “Riparian Buffer
Protection and Prioritization Strategies” section above and Appendix B for more details.
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