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Introduction
This chapter of the Environmental Conditions Report has three main purposes:

1. Provide a natural resource inventory and assessment based on local 
and regional considerations.

2. Outline considerations for land use planning and decision-making 
that protect and enhance the integrity of natural areas, both 
locally and regionally.

3. Outline opportunities for incorporating environmental features in 
local urban design to enhance the quality of life of local residents 
and to reduce costs for maintenance and infrastructure locally and 
regionally.

Conserving and restoring regionally important natural resources contributes 
to a healthy natural environment and makes the region a desirable place to 
live and work. Conserving and restoring local natural resources improves the 
quality of life of residents and enhances beauty of our cities and villages. 
Connecting these regional and local features within environmental corridors 
helps protect water quality, sustain wildlife and plant habitat, and provides 
valuable opportunities for recreation and education. Assessing this natural 
resources information along with agricultural, economic, and community 
information, provides the foundation for local communities to evaluate where 
development should be encouraged, where resources should be protected, and 
where both can occur together and in harmony.

The present condition of the region’s natural resources is dramatically 
different from pre-European settlement times and continues to be altered for 
agriculture and urban development. Agricultural land use dominates where 
prairies and scattered oak savanna once flourished. Many wetland acres that 
once filled the river bottoms and other low lying areas were ditched and 
drained. Stream channels were dredged and straightened. Development increased 
as populations in cities and villages and scattered rural communities grew, 
often with little regard for the natural surroundings. Natural communities 
and ecological systems were fragmented. Urban development in the 19th and much 
of the 20th centuries was accompanied by uncontrolled runoff from streets and 
parking lots, and erosion from construction sites and stream banks added 
sediment and pollutants and degraded water quality and wildlife habitat. With 
thoughtful planning, development and management practices these resources can 
be protected from such impacts, and degraded resources can be restored and 
enhanced. 

Impacts from development are, for most individual sites, relatively small. 
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When considered on a regional basis, however, their cumulative impact can 
result in substantial consequences. To manage these impacts effectively, it 
is critical to understand them on a regional basis, and collectively address 
them at the individual site level. In the end, the site level is where the 
physical changes to the environment are being made and mitigation measures 
are easier to implement.

Many communities across the U.S. are discovering that a natural resource-
based development strategy is a much better alternative to conventional urban 
design and development, where traditionally less attention has been focused 
on the environment. The primary objective is relatively straight forward. The 
quality of our natural environment and the associated resource functions and 
values should be maintained and, where possible, enhanced. This dovetails
with a host of related growth and development strategies related to 
infrastructure planning, community development, agriculture, and open space.

A resource-based development approach has several characteristics: 
 

1. Tangible, measurable, and readily understood by the participants in the 
local development review process. 

2. Directly linked to the local development review process by making 
natural resources protection a priority during all stages of the 
development process – from the conception of how the landscape is to be 
altered, through the planning, design, and construction of individual 
projects, to the maintenance of the necessary infrastructure such as 
stormwater management facilities after it is completed. Each step of 
the development process should only proceed when it can be reliably 
determined that the impacts of the development will be mitigated or 
minimized. 

3. Clear and practical management approaches towards local development by 
explicitly directing development away from environmentally sensitive 
areas along with other necessary protections and safeguards.

A resource-based strategy should streamline the local review process, reduce 
administrative burdens on local government, and be fully responsive to the 
needs of the development community for clear direction, timely review, and 
reduction of uncertainty and mitigation costs.

The regional physiography of Dane County explains the surface and near-
surface features and formations that characterize the landscape of the 
region. These include land forms, geology, soil and subsoil characteristics, 
vegetative cover, drainage and surface- and ground-water resources, and 
associated habitats. Information in this section is organized based on a 
layered approach and starts with large-scale characteristics followed by 
characterization at successively smaller scales of analysis. Planning and 
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design implications of these features and characteristics are discussed and 
highlighted at each step. Information concerning past and current actions and 
efforts to address problems and issues have also been included to provide the 
pertinent context for future decision-making. 

A. Physical Geography and Surface Geology
The Stoughton study area is located in the southeast part of the county, in 
the Yahara River Valley and Moraine Physiographic Areas (Map 2). The Yahara 
River Valley consists primarily of glacial ground moraine with extensive 
areas of peat and marsh deposits. The Yahara River Valley has an irregular 
topography, ranging from flat and rolling to hummocky and hilly. Slopes are 
relatively gentle. Here deep glacial deposits up to 350 feet dammed up a 
large preglacial valley, forming a chain of large lakes and wetlands. Lakes 
Mendota, Monona, Waubesa, and Kegonsa dominate the valley. Lowlands along the 
Yahara River are generally marshy, whereas uplands are well drained. Streams 
in this physiographic area are generally flatter and more sluggish than those 
in the unglaciated driftless area to the west, and fewer are spring fed.
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Planning Considerations:

Preserve mineral resource areas until after the resources have are 
used.

Preserve mineral resource areas until their value as regional 
infiltration and groundwater recharge is investigated.

The southwestern portion of the study area is located in the Moraine 
Physiographic Area consisting of glacial end moraines. The moraines include 
hills and mixed deposits of glacial till (mixtures of clay, silt, sand, 
gravel, and boulders), which were deposited and left behind as the glaciers 
retreated. The moraines also included large blocks of remnant ice. These 
blocks melted forming potholes or kettles, some of which remain as small 
ponds, marshes, and bogs.

1. Mineral Resources
Map 3 shows potential mineral extraction sites throughout the study area. 
High Potential mineral extraction sites have deposits of either ice contact 
stratified glacial material or coarse outwash, providing the best potential 
for an economically viable source of high quality aggregate. Low Potential
sites have deposits of either pitted outwash or finer outwash and are much 

less

likely to be an economically viable source of high quality aggregate. 

Mineral extraction operations are eligible uses under the Dane County Zoning 
Ordinance as a conditional use in agricultural zoning. Section 10.191 
establishes procedures and standards of operation for mineral extraction 
operations. Mineral resources are important economic and environmental 
assets. It is recommended that these areas be protected from development 
until after the mineral resources have been utilized and the site reclaimed. 
These areas also provide significant opportunities for large-scale 
enhancement to infiltration and groundwater recharge to maintain the 
hydrologic regime of area waters. This strategy needs to include stringent 
measures to protect groundwater quality, and is covered more fully on page
122. 

2. Steep Slopes and Woodlands
Typical definitions for steep slope in Wisconsin vary from 12% to greater 
gradients. Steep slopes pose a number of development-related concerns and 
constraints. A significant concern is that developments on steep slopes 
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increase erosion and stormwater runoff. This is problematic since it can 
adversely affect water quality as debris and excess sediment is washed into 
surface waters. A scattering of areas with slopes greater than 12% exist in 
the Stoughton FUDA study area (Map 4). Some of these slopes are wooded, 
providing the added benefits of wildlife habitat, groundwater recharge, and 
water quality protection.
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Planning Considerations:

Protect, preserve, or restore perennial vegetation on slopes greater 
than 20% to protect against development and slope  
destabilization.

Limit development on slopes greater than 12%. Preserve or restore 
them in perennial vegetation wherever possible.

All slope disturbance and stabilization measures should be reviewed 
and approved by municipal engineers.

 

Slopes steeper than 20% should be protected from disturbance and development, 
and protected with permanent vegetation because such areas are extremely 
susceptible to slope destabilization. All proposed slope disturbance and 
stabilization measures for steep slopes with gradient between 12% and 20% 
should be reviewed and overseen by municipal engineers for the risk of 
destabilization. It is broadly recommended that areas identified as having 
slopes in excess of 12% be avoided for development through inclusion in open 
space amenities or in Environmental Corridors. 

Woodland Restoration 
Before European settlement, southern Wisconsin was a complex mosaic of 
prairie, savanna, and forest. Fire was the major driver for the distribution 
of these ecosystems. Where fires burned most frequently and intensely, 
prairies where found. Where fires were less prevalent, savannas, woodlands, 
then forests grew. Most of the natural forests of Dane County can be found in 
the Driftless Area where the topography created wetter microclimates, which 
had a strong influence on suppressing natural fire regimes. In the east, 
woodlands were less frequent because the most recent glaciation left wide 
flat areas which permitted prairie fires that swept the landscape. European 
settlers suppressed fires and plowed native prairies. The remaining prairies 
transitioned to savannas and then to woodlands, and some finally as forests. 
Woodlands and forests were favored by settlers as they provided firewood, 
timber, and game leading to their preservation. Most of woodlands in this 
study area are the product of this transition and do not represent the 
historical land cover.

The remaining woodlands in this area covers 8% of the total landscape. Many 
exhibit irregular, unnatural, and small patch shape, are distant from each 
other, bisected by roads, have abrupt transitions at the woodland edge, and 
have existing developments and infrastructure nearby. Landcover attributes of 
habitat content, size, shape, and relative position in the landscape strongly 
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Planning Considerations:

Identify local stressor causing ecosystem degradation.

Invasive species.

Restore connectivity within the landscape for organism movement.

An entire landscape does not need to be re-vegetated back into 
woodlands.

influence biodiversity on a site and regional scale. Small areas tend to have 
low species diversity, which is the raw number of species, and is associated 

with low functional diversity, which is the number of different ecological 
jobs performed by species. Low biodiversity impairs two important ecosystem 
functions needed for sustainability; ecological resistance and resilience. 
Low ecological resistance, the capacity of an ecosystem to arrest change; and 
low ecological resilience, the ability of an ecosystem to recover after 
environmental stress.

The canopy and understory species of woodlands in Southern Wisconsin have 
changed over the past 50 years since they were initially cataloged by John T. 
Curtis (1959)1 and others at the University of Wisconsin Plant Ecology 
Laboratory. Recent work by Rogers et al (2008)2 indicates the predominant red 
and white oaks are being replaced by more fire intolerant species, such as 
sugar and red maple, elms, black cherry, green ash, box elder, and hackberry. 
Oak replacement is being facilitated by shrub species and suppressed fire 
regimes. Shrubs create strong shade and higher soil moisture. This creates a 
positive feedback that accelerates plant community transition from oak 
dominated woodlands towards moisture favoring tree species. Excessive shrubs 
also reduce plant diversity in the forb layer. Shrubs have also contributed 
to ecological homogenization of local woodlands. There is less variability 
between habitats than previously observed by Curtis. Invasive shrubs have 
removed habitat for ground species and changed nesting patterns for birds 
making them more susceptible to predation. 

Woodlands that are part of riparian areas, on the margins of wetlands, or 
near wet soil conditions which historically do not support oaks, are 

1 Curtis, J. T. 1959. The Vegetation of Wisconsin: An Ordination of Plant Communities. The 
University of Wisconsin Press. Madison.
2 Rogers, D., T. P. Rooney, and R. Henderson. 2008. From the Prairie-Forest Mosaic to the Forest: 
Dynamic of Southern Wisconsin Woodland. In: D. M. Waller and T. P. Rooney (Eds). The Vanishing 
Present: Wisconsin’s Changing Lands, Waters, and Wildlife. The University of Chicago Press. 
Chicago.
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frequently occupied by the invasive cottonwood tree (Populus deltoides).
Cottonwoods are problematic trees, as they have fast growth rates but are 
more fragile, making the timber more prone to breaking or falling after 
stress. When near streams their excessive woody debris inputs alters stream 
width leading to a variety of ecological problems, and when near developments 
their root system threaten underground utilities.

Despite this overall change in vegetation from pre-settlement conditions and 
habitat fragmentation, there are some woodlands which represent of the 
historic conditions and do retain native plant species. Woodlands that are 
predominantly oak, best represent this furthest state of natural community 
succession for drier upland conditions. Sites classified as having areas 
12.35 acres (5 ha) or greater, and are predominantly oak by content, 50% oaks 
or greater, help provide the minimum conditions needed for oak habitat and 
population demography needed for long term persistence. Additionally, sites 
which contain mature oak stands should be preserved, as oaks take several 
decades to reach reproductive maturity.  However, there are no oak woodlands 
within the Stoughton FUDA study that meet this dual criteria.

Woodlands that exceed 5 hectares (12.35 acres), and tend to have lower 
perimeter to area ratios, and are of sufficient size to allow for internal 
ecological processes and provide some habitat function. Analysis of 
vegetation cover from satellite data (LANDFIRE1) indicates there are 14 
woodlands (Map 4) that meet the size criteria.  Starting clockwise in the 
northern half of the study area, the first six woodlands are found east of 
the large wetland complex found in the Town of Pleasant Springs.  These 
woodlands are bounded east of HWY N and north of Skaalen Rd. and exist as 
independent resources separate from wetlands.  Woodlands 1, 2, 4 & 5 appear 
to be retained due to their steep topography.  Further, woodlands 4 & 5 will 
serve as stepping stones to facilitate connectivity to natural resources east 
of the FUDA study area.  The next set of woodlands 7, 8 & 9 are found south 
of Skaalen Rd. and north of CO HWY A. These woodlands will serve as stepping 
stones to connect the drier, terrestrial areas of Wetland Unit A, B, and C; 
these units will be described in later sections.  Woodlands 10 & 11 are found 
west of the Yahara River and serve some riparian function.  Woodland 11 will 
be important to preserve the wetland that is directly connected to the Yahara 
River.  Woodlands 12, 13, & 14 are west of US HWY 51 and located in the Town 
of Dunn. These woodlands serve as direct connections among wetlands in 
Wetland Unit F. 

In woodlands small patches often have irregular edges and have high perimeter 
to area ratios caused by habitat fragmentation.  Ecological processes within 
the woodland can be altered when adjacent to agriculture or urban land use.  
This phenomenon is called edge effect. Edge effects include drier 

1 http://www.landfire.gov/
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microclimates along woodland boundaries and can lead to detrimental changes 
in plant composition and greater colonization by invasive species. Invasives 
decrease native plant diversity throughout woodland canopy, shrub, and forb 
layers. Woodland edges are more susceptible to colonization by invasive 
species, particularly local invasives which include buckthorns (Rhamnus spp), 
Russian olive (Elaeagnus angustifolia), and Japanese honeysuckle (Lonicera 
japonica). Additionally, edge effects influence habitat suitability by animal 
species.  Smaller, less motile species, including insects and herptiles are 
more severely affected by edge effects. Bird species have a higher 
susceptibility to nest parasitism by the Brown-headed Cowbird (Molothrus 
ater), where woodland edge effects are more prevalent.

Unlike other areas of the county, most of the streams within the Stoughton 
FUDA area have wetland riparian areas.  In locations where wetland riparian 
areas are absent, but woodland riparia alone exists, then retention of 
existing trees is recommended.  Riparian woodlands are important as they 
provide additional habitat variety, provide woody debris to streams, provide 
leaf litter, and will be necessary for organisms with complex life history 
traits.  First, habitat variety is a driver in maintaining biodiversity. It 
allows for multiple organisms, which vary in life history requirements, to 
co-exist in the same area. Second, large woody debris is a major driver in 
stream ecology; it impacts channel morphology, sediment accumulation, and in-
stream habitat for aquatic invertebrates and fish. Streams that lack large 
woody debris tend to be wide and have increased downcutting erosion. Third, 
leaf litter is an essential component to food webs in smaller order streams. 
It is utilized by several different taxonomic groups of aquatic 
macroinvertebrates that either feed on the litter itself, or graze on 
biofilms that grow upon the leaf. These macroinvertebrates are then prey for 
higher organisms. Fourth, many organisms require multiple ecosystems to 
fulfill their life history requirements.

Other woodlands that merit protection are those that occur along the 
periphery of small kettle-pond wetlands.  These sites will be beneficial to 
local amphibian and herptile species, as their life history traits require 
both open water and upland land covers.  These sites can also be useful for 
birds and bats, as they come to feed on insect prey.  Additionally, many of 
the larger woodlands in the area are closely associated with regional 
wetlands or are wooded wetlands.  Wooded wetlands can contain vernal pools, 
which are small open water bodies that are seasonally flooded.  Vernal pools 
are highly important breeding sites for amphibians as their flooding 
coincides with breeding periods.  These woodlands will be protected by 
existing wetland preservation laws.

Long term conservation of woodlands will require thinning of the canopy and 
understory to remove excessive brush and competitor trees. In the case of oak 
woodlands, impaired understory will hinder oak sapling establishment.  It is 
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advised that these areas be preserved in their entirety, with exceptions made 
to treelines, hedgerows, and other narrow projections.  If these woodlands 
cannot be retained in their entirety, then it is recommended that at least a 
100 m (330 ft) strip of woodland vegetation be retained.  This width is the 
lower threshold that will still facilitate movement through an ecological 
corridor.

There are some woodlands that do not merit the same degree of protection as 
oak woodlands, large woodlands, or wooded wetlands.  There are multiple, 
small woodlands that are found directly west and south of the Stoughton Urban 
Service Area.  These woodlands occur along ST HWY 138 as it heads west, and 
west of ST HWY as it heads north into Stoughton. Although numerous, these 
woodlands will have more limited value as habitat for regional wildlife as 
are very small and will be more influenced by edge effects. Restoration for 
most of these woodlands may not be warranted. The potential benefits of 
restoring many of these small woodlands should be a lowered priority given 
limited resources.

Woodlands in the study area that have not been identified as habitat 
resources, or those that provide protection to other valuable natural 
resources, could be considered as amenities for communities. Municipalities 
may wish to incorporate smaller woodlands into their regional plans. Smaller 
woodlands may have greater societal value, while providing some ecosystem 
services to communities, rather than solely habitat  value. These services 
include carbon storage, reduction of heat island effect, and flood 
attenuation benefits in some circumstances.  The magnitude of these services 
will be enhanced as the size, diversity, and stand age of the woodland 
increase.  Additionally, these areas may serve as visual breaks in the urban 
fabric, separators between different land uses, or retained as community 
parks, providing aesthetic or recreational opportunities.

In 2005, a class F3 tornado struck near Stoughton.  The resulting wind 
damaged or killed trees throughout the area.  This ecological disturbance has 
reset the ecological succession of many of the local woodlands.  With the 
deaths of mature trees, the canopy of the woodland opens, allowing for 
multiple saplings to establish.  Under normal conditions, the competition 
between saplings creates natural thinning as the stand matures.  However, 
because of changes in woodland tree species pools have changed over the last 
50 years, it is likely that without intervention, the previous tree 
assemblages could return.  Local communities can take this disturbance into 
account and manually remove non-native trees and select tree species that are 
more similar to pre-settlement conditions.

With restoration projects, identifying and removing the factor(s) that caused 
ecosystem degradation is important. If restoration projects proceed without 
this consideration, they will eventually fail. Restoration plans for these 
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Planning Considerations:

Soils with seasonal high water tables of less than 3 feet and 
classified as poorly drained can have limited suitability for 
infrastructure due to potential for groundwater induced flooding.

Hydric soils are good indicators of existing and former (potentially 
restorable) wetlands.

Consider the potential of areas with high infiltration rates for 
enhanced regional infiltration and groundwater recharge.

areas should include the removal of invasive species, opening the canopy, 
clearing excessive brush, and planting native oak species. Larger oak 
woodlands that currently border on agriculture should be planted with 
woodland transition species to create softer edge effects. Greater 
conservation gains for this area will be achieved by pursuing greater 
woodland functionality rather than expanding woodland cover.

3. Soils
The geologic history of Dane County is responsible for the productive soils 
found in the area. Clay and silt loams are found primarily in the glaciated 
portion of the county while shallower sandy loams are found in the driftless 
area. Soil type is an important indicator of structural difficulties posed 

for development. The following characterizes the soils found in the Stoughton
FUDA study area:

a. Soils Underlain by Sandy Loam Glacial Till 

The soils in this group formed mainly by wind born deposits of silt loam 
underlain by sandy loam glacial till. Most of these soils have moderate 
permeability and high available water capacity. These soils pose slight to 
moderate limitations for farming and for urban use.

Dodge-St. Charles-McHenry Association 
This association has a varied landscape that is characterized by ground, end, 
and recessional moraines. The landscape is mostly gently sloping to sloping. 
Some areas on benches and in depressions and drainageways can be nearly 
level, and small areas of moderately steep to steep slopes can also be 
present. Except for small areas in drainageways and steep slopes, this 
association poses slight limitation for development.

Plano-Ringwood-Griswold Association 
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This association consists mainly of gently sloping areas on glacial uplands. 
Some areas on uplands are nearly level to sloping. There is also a small 
areas of moderately steep rises or ridges. Except for small areas of steep 
slopes, this association poses slight limitation for development.

b. Soils Formed in Outwash Material 

The soils in this group consist of associations formed mainly in outwash 
material near streams or adjacent to glacial moraines. These soils are 
generally loamy and underlain by sand, gravel, or both. These soils have 
moderate permeability and medium available water capacity. Many of them are 
good sources of sand and gravel. Where these soils are well drained and 
gently sloping to sloping, they have slight to moderate limitations for most 
urban uses. 

 
Batavia-Houghton-Dresden Association
This association has a landscape that consists of outwash plains with 
depressions and old lake beds. The soil material was deposited by wind and by 
water from melting glaciers. The texture of the material in which the soils 
formed is variable, but it is dominantly silt, sand, or gravel. Areas with 
poor drainage (silt and finer soils located in old lake beds) can pose 
limitation to development from induced flooding.

c. Hydric Soils 

These soil associations contain soils that are “hydric, ” possessing 
signature characteristics associated with prolonged periods of wetness or 
saturation. Hydric soils are good indicators of existing and former (drained) 
wetlands (see Map 5). Potentially restorable wetlands are indicated based on 
WDNR modeled data accounting for land use and land cover constraints. Hydric 
soils with potential for wetland restoration lie along the streams in this 
area. These include Houghton (Ho), Marshan (Mc), Orion (Or), Palms, (Pa), and 
Wacousta (Wa) soils. Depth to water table in these areas are generally 0 to 3 
feet (see Map 6).

Soils with seasonal high water tables of less than 3 feet and classified as 
poorly drained can have limited suitability for infrastructure due to their 
potential for groundwater induced flooding. These areas are well suited for 
park and open space areas. If these areas are developed, on-site soils 
investigations are recommended to determine the actual extent of seasonal 
high groundwater areas and potential increases in groundwater levels as a 
result of stormwater management practices and increased precipitation.
Restrictions are recommended in confirmed problem areas to establish the 
lowest allowable level of any structure so that it is situated well above the 
high water table to reduce the potential for groundwater induced flooding. 
These soil conditions may also limit the suitability of some stormwater 
infiltration practices due to the potential for groundwater pollution. More 
detailed information is provided on page 123. 
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Planning Considerations:

Bedrock excavation can increase the cost of infrastructure and 
construction. 

Bedrock at a depth of 3 feet or less and karst features may limit 
the suitability of some stormwater infiltration practices due to 
the potential for groundwater pollution.

d. Depth to Bedrock

The excavation of bedrock can increase the cost of infrastructure and 
construction. Bedrock at a depth of 3 feet or less and karst features may 
also limit the suitability of some stormwater infiltration practices due to 
the potential for groundwater pollution. Shallow depth to bedrock is less of 
a concern in the glaciated part of the county. This is because of the 
significant amount of till left behind by the retreating glacier. This 
situation is more of an opportunity for development in these areas since the 
deep soils generally provide considerably greater pollutant removal and 
easier stormwater management. In the Stoughton study area depth to bedrock 
generally exceeds 5 feet and is more than 50 feet in many areas (see Map 7).
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e. Development Site Analysis 

While the USDA Natural Resources Conservation Service (NRCS) Soil Survey for 
Dane County is a valuable planning tool, soil borings or other onsite soils 
investigation are necessary for detailed engineering analysis and site design 
work. For example, Map 8 shows building site potential for dwelling units 
with basements based on soil characteristics. Each situation will be 
different depending on the intended or anticipated land use, existing or 
potential soil limitations, and any special planning, design, or 
implementation that may be needed or employed to minimize or overcome the 
limitations encountered.

f. Relative Infiltration 

CARPC staff, with cooperation from the Dane County Land and Water Resources 

Department, have conducted an analysis of the stormwater infiltration

potential of soils in this area. This analysis used existing topography and 

soils data to infer infiltration potential based on slope, soil permeability, 

depth to the water table, and depth to bedrock. Infiltration potential in the 

Stoughton FUDA study area is generally medium, with the potential for 

enhancement in some areas through the use of engineered soils as well as 

tapping into deeper sand and gravel deposits. More detailed information on 

infiltration and groundwater recharge is provided on page 123. 
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Planning Considerations:

Approach issues from a watershed scale

Consider the cumulative and long-term impacts

Direct development away from sensitive areas

Use compact development styles

Incorporate natural features into development designs 

Apply conservation design principles 

Minimize impervious areas

Slow stormwater runoff and encourage infiltration 

Reduce pollution sources from all surfaces 

B. Surface Water
Agricultural practices and historic urban development have either threatened 
or degraded receiving waters. Uncontrolled rainfall runoff from impervious 
surfaces in older urban areas can disrupt the natural hydrology of receiving 
surface water systems. Without infiltration and other stormwater management 
measures, as natural areas are converted to agriculture or urban development 
the ground/surface water balance shifts from a groundwater-dominated system 
to one dominated more and more by surface water runoff. This results in 
reductions in stream quality and transitions to more tolerant biological 
communities. 

Since these impacts can be gradual and cumulative, it is important to 
minimize them in all cases where possible. One strategy promoted by the RPC 
for new development in the region since the mid-90s is to employ stormwater 
control measures and practices that maintain or otherwise mimic pre-
development hydrologic conditions (i.e., the pre-development ground/surface 
water balance). For example, in addition to maintaining groundwater 
resources, stormwater management controls and practices that maintain pre-
development infiltration and groundwater recharge also help reduce peak flow 
rates and volumes of stormwater runoff; resulting in less stream bank 
erosion, cutting and widening of channels and stream beds, and less 
pollutants being transported to our surface waters. 

Suitable buffers are also needed to protect our waters from surrounding land 
uses; in addition to providing necessary food, cover, and movement corridors 
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Figure 7. Watershed Management Units

Source: Clements, et al. 1996

for wildlife. More effort is needed to avoid impacts to these sensitive 
resources and instead direct future development to more suitable areas 
through thoughtful planning. Stormwater management strategies that maintain 
or restore pre-development hydrological conditions are critical early on and 
throughout the development process. These strategies are described in detail 
in Technical Appendix D of the Dane County Water Quality Plan.

1. Watersheds and Drainage 

The basic structural element of 
natural resources protection is the 
watershed. A watershed is defined as 
the land area that drains to a 
specific body of water (river, lake, 
or wetland). It has been compared to a 
topographic bowl, bathtub, or basin 
separated from neighboring watersheds 
by ridgelines.

Watersheds are scalable. Like nested 
Russian dolls they flow into 
successively larger versions of 
themselves (see Figure 7). While 
similar in form and function, for 
purposes of clarity watersheds are 
often given more descriptive names 
depending on the scale being used. For 
example, a particular catchment area
for a neighborhood in the City of 
Stoughton might drain to a the larger 
Lower Yahara subwatershed, which 
drains to the Yahara River watershed,
which drains to the Lower Rock River 
basin, which drains to the Mississippi 
River basin, and ultimately to the Gulf of Mexico.

All organisms, whether aquatic and terrestrial, are dependent on water and 
are shaped by watershed dynamics. Many conservation and natural resource
management plans use the watershed concept as a means of organization. 
Careful consideration of development plans in the context of the watershed 
concept is very important, given that local actions have implications 
downstream far beyond their point of origin. It is therefore critical to 
consider potential downstream impacts of changes to land cover and land use 
as part of the planning or conceptualization of such changes. 
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Planning Considerations:

Keep infrastructure that can be damaged by flooding out of the 100-yr 
floodplain.

Include an additional buffer area around floodplains to account for 
changes in floodplain boundaries over time.

Hydrology and drainage are highly dependent on climate and climate 
variability. The climate of Dane County is typical of the Great Lakes states. 
Winters tend to be long, cold and snowy, while summers are short and 
sometimes humid. Average annual precipitation is about 33 inches, with 67 
percent falling from April through September. Average groundwater recharge in 
Dane County is estimated to be 7.6 in/yr; however, this varies by location 
(Reference Map 30). Most recharge occurs in late fall, winter, and early 
spring when vegetation is dormant and evapotranspiration is minimal. Runoff 
and evapotranspiration vary widely due to seasonal conditions and land use. 
August is the wettest month with 4.3 inches of precipitation (1971-2000), and 
January is the driest with about 1.2 inches. About 84% of the precipitation 
events are half an inch or less. Snowfall averages 50 inches per year. The 
ground usually begins to freeze at the end of November and thaws in mid-
April. The potential for runoff and severe erosion is often highest in March 
and early April when heavy rainstorms and snowmelt occur on ground sparsely 
covered by dead vegetation. Climate change studies and predictions suggest 
changes in intensity and timing of precipitation have already occurred in our 
region, and additional changes are expected. The subject of climate variation 
is covered in more detail in Technical Appendix D of the Dane County Water 
Quality Plan.

a. Floodplains  

A survey of 100-year floodplain boundaries offers insights into the areas 
most susceptible to flooding (see Map 13). These are areas that have a 1% 
chance of being inundated in any single given year. Floodplains are 
designated by the Federal Emergency Management Agency (FEMA) and present 
significant limitations to development. It is important to note that 
floodplains are mapped using historic data. Floodplain boundaries can change 
over time with changes in precipitation and land use. A problem with high 
water levels has repeatedly occurred in the Yahara Lakes over the last 
several decades. While measures have been taken in recent years to control 
the timing and volume of stormwater runoff from new urban development in the 

watershed, the impacts associated with historic land cover changes from their 
natural pre-settlement state to agricultural and urban land uses will need to 
be addressed to ameliorate high water levels in the Yahara system.
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Issue:

Runoff Volume

What has been done:

Volume control at pre-development levels in urban areas since 
2004

Special volume and overflow requirements in closed basins in new 
urban service area amendments to prevent draining the closed 
basin, maintaining pre-development runoff volumes, and 
installing emergency overflow structures for temporary release 
if needed.

Additional measures that can benefit the health of internally 
drained areas:

Increased financial resources for reducing runoff volumes from 
agricultural areas in closed basins.

Increased financial resources for retrofitting BMPs in older

b. Internally Drained Areas  

There are three internally drained areas within or in close proximity to the Stoughton study area (MMap 14).  The 
topography of the area has resulted in the formation of several depressional wetlands, with most of them 
occurring west of the Yahara River.  An in depth discussion of these resources is described below in the 
Surface Water Features topic, subsection D: Wetlands.  
 
The unique hydrologic characteristics of closed basins make them especially 
vulnerable to urbanization and flooding. When the watershed of closed basins are 

predominantly undeveloped (either pre-settlement or agricultural), closed basins are typically wetter in the 
spring and dry out during the fall during years of normal precipitation. As urbanization increases, summer 
rainfall events generate significant runoff, which does not allow the pothole to dry out in the summer. The 
ponds tend to become dominated by open water, and the potential for extended flooding of nearby 
development increases. Furthermore, because closed basins are not contributors to nearby streams, attempts 
to drain them increases rate and volume of flow in receiving streams, changing the hydrologic regime of these 
streams and increasing the risk of flooding in downstream areas. Therefore, in closed basins, 
pre-development runoff volumes need to be maintained, and emergency overflow 
measures included to prevent flooding in case volume control measures fail or 
are off-line for maintenance. Emergency flow measures should be designed to 
discharge during periods of low stream flow to prevent bed and bank 
destabilization or flooding downstream.
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2. Stream Classifications and Biological Indicators
Water quality standards are the foundation of Wisconsin’s water quality 
management program. They serve to define the goals for a water body by 
designating its uses, setting criteria to protect those uses, and 
establishing provisions to protect water quality from pollutants. The WDNR is 
authorized to establish water quality standards that are consistent with the 
Federal Clean Water Act (Public Law 92-500) through Chapter 281 of the 
Wisconsin Statutes. These water quality standards are explained in detail in 
Chapters NR 102, NR 103, NR 104, NR 105, and NR 207 of the Wisconsin 
Administrative Code. These water quality standards rely on three elements to 
collectively meet the goal of protecting and enhancing the state’s surface 
waters. They include:

Designated Uses, which define the goals for a water body,

Water Quality Criteria, which are set to protect the water body’s 
designated uses, and

Anti-Degradation Provisions, to protect water quality from 
declining.

a. Designated Uses  
Designated uses are goals or intended uses for surface water bodies in 
Wisconsin which are classified into the following categories and described in 
Chapter NR 102:

Recreational Use
All surface waters are considered appropriate for recreational use unless 
a sanitary survey has been completed to show that humans are unlikely to 
participate in activities requiring full body immersion.

Public Health and Welfare
All surface waters are considered appropriate to protect for incidental 
contact and ingestion by humans.

Wildlife
All surface waters are considered appropriate for the protection of 
wildlife that relies directly on the water to exist or rely on it to 
provide food for existence.

Fish and Aquatic Life
All surface waters are considered appropriate for the protection of fish 
and other aquatic life. Surface waters vary naturally with respect to 
factors like temperature, flow, habitat, and water chemistry. This 
variation allows different types of fish and aquatic life communities to 
be supported. Wisconsin currently recognizes the following Fish and 
Aquatic Life subcategories (Table 5) based on the water body’s capacity to 
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support a diverse and healthy fish community.

A waterbody’s Fish and Aquatic Life Use Designation is legally recognized in 
Wisconsin Administrative Code. This designation is used to determine water 
quality criteria and effluent limits. A stream can obtain a codified 
designated use by applying formal stream classification procedures. The 
current codified uses for individual Dane County Streams may be found by 
visiting WDNR Water Basin website and viewing the desired watershed and water 
body details.2

2 http://dnr.wi.gov/water/basin/
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Assignment of designated uses for the protection of fish and aquatic life has 
been an iterative process dating back to the late 1960s. While the WDNR 
strives to maintain a contemporary list of designated uses, it cannot visit 
each stream, river, or lake very often. In fact, many of the designated uses 
that are included in the Wisconsin Administrative Code date back to the 
1980s.

Table 5

WDNR Fish and Aquatic Life Uses
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b. Current and Attainable Uses  
Determining Fish and Aquatic Life subcategory is one of the first steps in
managing water quality. In order to facilitate the determination of a 
designated use to reflect the most current understanding of stream/river 
ecology, the WDNR published updated guidance in 2004. The informal guidance 
is used by biologists who monitor Wisconsin’s stream and river communities. 
It provides a framework for the collection and assessment of field data to 
recommend which Fish and Aquatic Life subcategory a particular water or 
segment best fits.

The “Current Use ” is the fish and aquatic life community the WDNR 
biologists believe the water currently supports. This is not a formal 
designation; it is based on the current condition of the water. Current 
Fish and Aquatic Life Use determinations for Dane County streams are 
shown on Map 15, and the determinations for the FUDA study area streams 
are shown in more detail on Map 16.

The “Attainable Use”  is the use the WDNR biologists believe the stream 
could attain if “controllable ” sources of impairment are managed. 
These actions include effluent requirements for point sources, and 
cost-effective and reasonable best management practices for nonpoint 
source pollution control. Beaver dams, low gradient streams, naturally 
occurring low flows, and land cover and land use are generally 
considered “uncontrollable ” natural or cultural factors. The 
Attainable Use may be the same as the Current Use or it may be higher.

Current and Attainable Uses are not formal designations. They are based on 
the current condition of the water or the condition that could be achieved
through management plans or activities. They are not designed for, nor should 
they be used for, regulatory purposes. Note that the Current and Attainable 
Use determinations may actually be different than the codified Fish and 
Aquatic Life use designations for some streams. This is because the 
Current/Attainable Use determinations are used for more informal fisheries 
management purposes, activities, and guidance; whereas the Codified Use 
designations are used for more formal or regulatory pollution control and 
permitting activities where there may be more significant legal and financial 
considerations.

One indicator of stream water quality condition is the type of insects found 
living on rocks and other stream bottom materials. Certain species of insects 
will tolerate only undisturbed conditions with limited organic material, 
while others are able to survive in various types of habitat and water 
quality conditions. The Macroinvertebrate Index of Biotic Integrity is used 
as an indicator of biotic health of a stream by the types of insects living 
there (see Table 6a). The WDNR also uses the Hilsenhoff Biotic Index as an 
indicator of low dissolved oxygen concentrations resulting from organic 
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pollution (see Table 6b). Tolerance values are assigned to various species of 
insects and an overall score is calculated for the water body. The Fish Index 
of Biotic Integrity (IBI) is another widely applied and effective tool using 
fish community data to assess the environmental quality of aquatic habitats. 
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Table 6a. Fish and Aquatic Life: Stream and River General Assessment Thresholds.

Source: WDNR, 2012

Table 6b. Hilsenhoff Biotic Index (HBI) Water Quality Scale.

Source: Hilsenhoff, 1987
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Issue:

Stream Restoration

Maximize stream restoration benefits by considering watershed

o Unify landowners to help

Streams need to remain dynamic

Stream restoration methods:

o Modify land use (soft)

o Modify stream itself (hard)

c. Stream Restoration 

Successful stream restoration projects require both scientific understanding 
and participant cooperation. A fine balance must be struck between the 
promotion of stream health and the desires and attitudes of landowners. 
Symptoms of poorly functioning streams are steep bank erosion, high sediment 
loading, lack of pools and riffles, flooding. Modifications to streams such 
as rip-rap, channelization, bank armoring, levees, and other flood and 
velocity control engineering only correct in-stream problems yet do not 
address large scale systemic problems. Stream restoration should be focused 
on restoring the dynamic equilibrium of the stream instead of focusing solely 
on site engineering to stabilize banks or channels. Maximizing stream 
restoration benefits occur when the watershed level is considered. This is 
accomplished through land management practices that hold water and slowly 
release water into streams. 

While restoration projects can occur in one locality, stream restoration 
requires coordination and negotiation with multiple landowners and 
jurisdictions in order to be successful. Efforts in stream restoration should 
be directed toward restoring processes that form, connect, and sustain 
habitats. One challenge is to encourage landowners with properties in stream 
headwaters to participate in stream restoration. Upstream landowners often do 
not see the negative impacts of stream degradation, as compared to landowners 
downstream who most experience increased erosion and flooding. Granting 
incentives will be useful to promote landowner participation. 

Once landowner buy-in has been achieved, stream restoration projects should 
follow the five criteria for ecological success as described by Palmer et al. 
2005, as follows:

 
1. a restoration goal or guiding vision that describes an ecologically 

healthy state that maintains dynamic properties within its regional 
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context; 

2. undisturbed or recovered streams serving as restoration reference 
sites, specifically when historical data is lacking; 

3. using a design approach which uses empirical models that focus on 
ecological processes; 

4. using regional stream classification systems to guide restoration 
goals;  

5. using common sense to notice site details and remove obvious stressors 
(lack of riparian vegetation, unrestricted livestock, etc.).

Restoration projects fail when designers do not consider existing or future 
channel morphologies. Successful restoration in streams requires dynamic 
qualities, not excessively imposed control leading to static conditions. 
River dynamics are often described as reaching an equilibrium that describes 
natural fluctuation around a character state. Stream restoration strategies 
often seek to correct flow regimes. Alterations in flow regimes have
devastating impacts within riverine ecosystems. River flows regimes are 
considered to be the master variable for stream ecosystems, it determines 
flooding patterns, and shape the physical habitats within river and 
floodplain. Changes in flow negatively affects the distribution of organisms, 
impairs reproductive strategies of aquatic organisms, impairs habitat 
utilization, and in-stream connectivity. With these environmental changes, 
native organisms are quickly displaced by invasive species, which force their 
own changes on ecological structure and function. 

In general, there are two categories of techniques used in stream 
restoration: non-structural or structural techniques:

Non-structural techniques use passive restoration; any restoration method 
that does not involve an engineered alteration of the environment. Passive 
restoration is accomplished by more landscape oriented methods, which change 
land use through administrative or legislative means. Streams tend to be 
resilient ecosystems. If environmental stressors are identified and 
eliminated, sometimes streams will recover without active human intervention. 
Methods for non-structural stream restoration use fencing to exclude 
livestock, establishment of greenways, and conservation easements. 

Structural techniques use active restoration, which does require modification 
to the environment directly. Structural techniques are divided again into two 
categories, those that use “soft engineering ”, which focuses on the use of 
on site natural materials such as alluvium, woody debris, or other 
bioengineering. This is contrasted against “hard engineering ” which utilizes 
artificial materials like concrete, sheet piling, rock gabions, and riprap. 
These physical manipulations can change stream sinuosity, gradient, 
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substrate, sediment loading, bank profile, and floodplain connectivity. They 
are most often used to lock stream morphology in order to preserve property 
and infrastructure. Although it is desirable for stakeholders to control 
erosion within a reach, the process comes at a cost. As the amount of active 
intervention in stream restoration increases, the cost, difficulty, 
possibility for failure, and immediate disruption to stream ecosystem 
follows. However, physical manipulations may have more immediate results
rather than potentially waiting years for streams to recover on their own.

Stream restoration approaches within the FUDA study will vary by stream 
order. Stream order is a ranking system. First order streams, have no other 
streams leading into them, and are headwaters of a larger stream ecosystems. A
second order stream is the confluence of two first order streams, as is a 
third order stream a confluence of two second order streams. 

Headwater streams in agricultural or urbanizing areas are often ignored for 
conservation, but are critical areas for aquatic life. These sites serve as 
refuge for aquatic organisms in disturbed higher order streams. The 
surrounding riparian vegetation of headwater streams is a major contributor 
to food web dynamics, helps regulate sediment inputs, and reduces the 
severity of flooding events, all of which propagate downstream. Headwater 
streams and low discharge first order streams will benefit most from soft 
engineering and restoration of riparian buffers (discussed on page 99). 

As stream order increases, total discharge also increases which enables 
streams to carry and deposit more sediment. Higher order streams also have 
higher sinuosity and well defined pool and riffle sequences. Bends and curves 
in higher order streams are sites for additional erosion and deposition, 
while pools and riffles provide habitat heterogeneity. Under normal 
conditions, erosion and deposition sites change, with new bends appearing and 
vanishing throughout time. When stream flows increase due to human activity, 
these two processes are amplified. Greater erosion and deposition occur at 
bends in the stream, while pool and riffle sequences are lost leading to a 
uniform stream bed. Middle order stream locations are most conducive to using 
hard engineering techniques. 
 

The extent of a stream restoration in urbanizing environments will be 
ultimately determined by social values. Restoring a stream to pre-settlement 
conditions may not be possible. Stream restorations in this context should be 
guided by determining what can be done to promote a dynamically variable 
environment, but constrained by site history and the need to protect 
property. 

Restoration of the Yahara River below Lake Kegonsa should be focused on 
preserving infrastructure. Historical maps from 1890 indicate the morphology 
of the Yahara River below Lake Kegonsa has changed. It went from being a 
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single, fairly uniform channel with connected wetlands to a broad and braided 
channel.  Increases in sediment delivery from anthropogenic sources has 
caused in-stream deposition of these sediments and periodic widening of the 
lower Yahara River.  Braided rivers can be a problematic as they can change 
their geometry within the landscape within decades.  Infrastructure may be 
placed at risk from changes in floodplain extent.  This problem is 
complicated further, because It is difficult to predict how braided rivers 
will appear in future landscapes.

Active restoration of braided channels requires excavating some material and 
importing gravel, cobbles, and heavy stones to narrow the channel.  However, 
without controlling the sediment inputs from overland sources, the Yahara 
River will regress back into a braided channel.  Local communities are 
advised to regularly examine their streams for active bank erosion and take 
potential changes in floodplain extent into consideration when planning 
developments near the Yahara River.

3. Surface Water Features
The health and quality of the resource is very much a reflection of the land 
use and practices in the watershed. Map 10 shows the streams and watersheds 
associated with the Stoughton study area. The principal streams include the 
Yahara River and Badfish Creek. Large portions of wetlands throughout the 
area have been drained for agriculture or filled for development (Reference 
Map 5).
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a. The Yahara Chain of Lakes 

The Yahara River and its chain of lakes (Mendota, Monona, Waubesa, and Kegonsa) are the most prominent 
surface water features in the area. The Yahara River drains a  410 mi2 area through the heart of Dane County 
before flowing south to join the Rock River in Rock County. The Yahara River is classified as a diverse 
warmwater sport fishery (WWSF) supporting approximately 48 species of fish. The Stoughton study area is 
located downstream of the Yahara Lakes and just north of the county boundary. Stoughton is the only 
municipal wastewater treatment plant that discharges to the Yahara River in Dane County. The watershed 
includes an intensive mix of both urban development and agricultural land uses. Primary threats include 
agricultural and urban nonpoint source pollution, and hydrologic modification such as historic draining and 
ditching of wetlands for cropland and impervious cover (parking lots, rooftops, and roads) associated with 
urban development. In 1998 the Yahara River from Lake Kegonsa to Badfish Creek in Rock County was added 
to the state’s 303(d) Impaired Waters list. The entire system has also been included as part of the Rock River 
basin TMDL project. Pollutants of concern are sediment/total suspended solids and total phosphorus, which 
have led to impaired dissolved oxygen levels and degraded habitat. A TMDL is a quantitative analysis of the 
amount of a particular pollutant load that a stream or lake can accept before exceeding water quality 
standards. Sources of the pollutants include point sources, as well as agricultural and urban nonpoint sources. 
Regional coordination and cooperation will be necessary to successfully address the challenges associated 
with a resource as large as this and crossing as many jurisdictional areas. 
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Water Quality 
One of the principal water quality concerns for the Yahara Lakes is excessive 
phosphorus. All of the lakes in the Yahara chain are classified as being 
eutrophic, defined as high fertility caused by excessive nutrient loading. 
Eutrophication leads to multiple problems: an overabundance of blue-green 
algae and other nuisance aquatic plant species, low dissolved oxygen, and 
changes toward more tolerant warmwater fish communities. High algal 
concentrations limit water chemistry, clarity, and color.

The vast majority of the phosphorus entering the Yahara Lakes comes from the 
surrounding land area and is carried to the lakes by tributary streams as 
well as upstream lake discharges. The land use practices in the lakes’
tributary drainage area greatly influence the amount of phosphorus washed 
into the lake chain system. Phosphorus arrives mostly bound to sediments, but 
also dissolved in water. Once arriving to the Lakes, phosphorus remains high 
due to internal recycling within buried lake sediments. Increased sediment 
load is also detrimental to lake ecology. Suspended sediments reduce light 
penetration, inhibit photosynthesis for aquatic vegetation, impair fish 
reproduction and feeding, and destroy wildlife habitat.

Records of algae blooms date back to before the first limnological studies 
were conducted in the 1890s. Despite conventional belief, nutrient levels and 
water quality conditions in the Yahara Lakes have actually improved since 
municipal and industrial wastewater was being discharged directly to them 
stopped (Figure 8). This was the result of diverting municipal wastewater 
around the Yahara Lakes to Badfish Creek – effectively bypassing the lakes by 
1971. Efforts are now being directed towards reducing “nonpoint ” or diffuse 
sources of pollutants washing off the land surface and into our surface 
waters. Various regulatory and voluntary measures have been, and continue to 
be pursued to improve the water quality of stormwater runoff from both 
agricultural and urban sources.

Low phosphorus concentrations in the lakes are correlated with years of low 
precipitation and runoff (Figure 9). In general, low flows to the lakes 
result in lower phosphorus concentrations, which are followed by low 
chlorophyll, which leads to improvement in water clarity. Lake Mendota has 
even dropped into the mesotrophic (moderately fertile) category such as in 
the drought year of 1988. This indicates that water quality improvement can 
be realized through nonpoint source phosphorus reductions and controls.
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Issue:

Excess Nutrients

Measures taken since 1990s:

Implementation of agricultural best management practices to 
provide the following:

Reduce soil erosion 

Utilize nutrient management to optimize the use of fertilizers

Reduce the transport of manure by stormwater into streams

Prevent livestock from getting into streams

Manure digester installations to reduce phosphorus in manure 

Implementation of urban best management practices to provide the 
following:

Control construction erosion

Control peak stormwater rates at predevelopment levels in new 
development

Maintain runoff volumes to predevelopment levels in new 
development areas by including infiltration requirements in 
stormwater ordinances

Provide stormwater treatment in new development areas

Require exclusion of phosphorus from lawn fertilizers sold in 
the region

Implement retrofit sediment reduction measures in existing 
urban areas 

Additional measures that can benefit the health of the Yahara River:

Increase financial resources for broader implementation of 
agricultural best management practices for water quality and 
runoff volume reduction

Increase financial resources for broader implementation of 
retrofit urban best management practices in older urban areas 
for water quality and runoff volume reduction 
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Figure 8. Long-term trends in concentrations of dissolved reactive phosphorus in 
the Yahara Lakes, July-August, 1925-89.

Source: Lathrop, 1992

Source: U.S. Geological Service

Figure 9. Phosphorus Load: Upper Yahara River: 1991-2011
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While highly variable, water clarity data since 1979 has shown slight 
improvement in Lake Mendota, attributed to focused resource conservation 
activities being conducted in the watershed (i.e., decreasing TSI  values, 
see trendline in Figure 10). Note, Lake Wingra has improved significantly 
attributed to a carp removal project conducted there, which is not considered 
feasible for the larger lakes. Water clarity has generally declined in the 
other lakes (i.e., increasing TSI trends). Lake Kegonsa is last in the line 
of Yahara lakes, exhibiting fair condition.3

3 CARPC. 2013. Surface Water Quality Conditions. Appendix B of the Dane County Water Quality Plan.
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Figure 10. Median Summer Trophic State Index (TSI) Values Based on Secchi Disk Results.

48  Stoughton Area FUDA Study  |  February 2014 



For decades Lake Kegonsa had the highest phosphorus and chlorophyll-a
concentrations and the lowest water clarity in the Yahara Chain. These 
conditions reflected in part the combination of long-term polluted runoff 
from the large watershed and historic wastewater discharges. While conditions 
have generally improved in the lake since the diversion of wastewater 
discharges to the lake and from the watershed, lack of sustained thermal
stratification allows recycling of nutrients from nutrient-rich bottom 
sediments to fuel blue-green algal blooms during the summer.

 
Further downstream, the Stoughton Millpond is a shallow impoundment of the Yahara River. It has a surface 
area of 82 acres, a maximum depth of 5 feet, and supports a diverse warmwater fishery. The majority of the 
millpond lies within the Stoughton city limits. The surrounding land is dominated by agriculture to the north and 
municipal and residential areas to the south. Nonpoint source pollution and urban stormwater runoff 
negatively impair the millpond. The WDNR considers its condition as being poor. The lake bottom is mostly clay 
with sand, silt, and some detritus present as well. With the exception of cattail stands on the lake’s east side, 
macrophytes are scarce as a result of the large carp population. The water is turbid, alkaline, and shows signs 
of eutrophication. Nuisance algae growths are also common. 
 
Projects to reduce nonpoint sources of pollution have been conducted in the 
upper portion of the Yahara River watershed since the 1980s with cost-sharing 
monies available to install BMPs under the state’s Nonpoint Source Pollution 
Abatement ( “Priority Watershed ”) Program. Focused projects were conducted in 
the Sixmile-Pheasant Branch Creek, Lake Monona, and Lake Mendota watersheds. 
However, the projects were voluntary, many of the BMPs were untested, and 
participants were too few to result in significant reductions in phosphorus 
loadings to the Yahara Lakes.4

  
According to Lathrop and Carpenter (2010), an estimated 81,000 pounds (36,800 
kg) of phosphorus enters Lake Mendota annually (see Figure 11). Three-
quarters of the phosphorus load originates from agricultural lands in the 
watershed. This has a cascading effect, since two-thirds of the phosphorus 
load to the downstream Yahara Lakes comes from the upstream lakes (indicated 

in blue). 5 This means that phosphorus load reductions to Lake Mendota (both 
agricultural and urban) could produce cascading water quality improvements in 
the downstream Yahara Chain of Lakes as well. Also, as evidenced during 
dry/low-load years, water quality could improve relatively quickly if the 
amount of phosphorus flowing into the lakes is significantly reduced.6

4 Lathrop, R. 2007. Perspectives on the Eutrophication of the Yahara Lakes. Lake and 
Reservoir Management 23: 345-365. 

5 Lathrop, R. and S. Carpenter. 2010. Response to Phosphorus Loading in the Yahara 
Lakes Preliminary Finding. UW Nelson Institute Community Environmental Forum on 
the Yahara Lakes, Madison, WI., February 23, 2010. 

6 Lathrop, R. and S. Carpenter. 2011. Phosphorus Loading and Lake Response Analyses 
for the Yahara Lakes. Unpublished report for the Yahara CLEAN Project. 
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Based on these findings, the Yahara CLEAN partners have developed the 
following goals for reducing phosphorus in the Yahara Lake Chain System:7

Lake Mendota – Reduce the average annual phosphorus load to Lake 
Mendota by at least 50%. This will produce measureable water quality 
benefits in Lake Mendota and a significant phosphorus load reduction to 
all the downstream lakes.
Lake Monona – Reduce the average annual phosphorus loads by 50% from 
the direct drainage basin to Lake Monona. Lake Monona will benefit from 
the combination of phosphorus reductions from both direct drainage 
sources and from Lake Mendota’s outlet. This will produce measureable 
water quality benefits in Lake Monona.
Lakes Waubesa and Kegonsa – Reduce the average annual phosphorus loads 
from direct drainage sources to Lakes Waubesa and Kegonsa by 50%. These 
lakes will also benefit greatly from the reduction in phosphorus loads 

7 Converse, D. 2012. Yahara CLEAN Strategic Action Plan for Phosphorus Reduction – 
Draft. Prepared for the Clean Lakes Alliance

Figure 11. Phosphorus Loading Sources to the Yahara Chain 
f k
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to the upstream lakes.
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To meet these goals the Yahara CLEAN Strategic Action Plan includes 
recommended actions that will reduce the phosphorus loads delivered to the 
lakes. Present value cost is estimated to be $76.5 million over 20 years 
including:

Urban Recommended Actions:

- Improve Leaf Management
- Control Construction Erosion
- Maintain Permitted Stormwater Facilities
- Stabilize Urban Waterway Banks
- Reduce Total Suspended Solids in Municipal Stormwater

Agricultural Recommended Actions:

- Improve Cropping, Tillage, and In-Field Practices
- Build Community Digesters
- Recover Additional Phosphorus at Digesters
- Manage Manure and Nutrients
- Dredge Drainage Ditches
- Stabilize Rural Waterway Banks
- Relocate or Cover Livestock Facilities
- Harvest Wetland Plants
- Promote Restoration of Wetlands

The Yahara Lakes system is also included in the Rock River Total Maximum 
Daily Load (TMDL) project establishing necessary reductions in sediment and 
phosphorus loads . The stretch of river from Lake Waubesa to its confluence 
with Badfish Creek south of Stoughton is identified as having among the 
highest phosphorus and sediment loads in the Rock River Basin.8 Total
Phosphorus (TP) and Total Suspended Solids (TSS) reductions specified in the 
TMDL range between 37 and 71 percent depending on the source (i.e., nonpoint, 
point, or municipal). Implementation measures are expected to be shared among 
the various agricultural and urban sources as parties to the Yahara CLEAN 
Strategic Action Plan, as above, as well as the Yahara WINS pilot project 
being coordinated by MMSD.9 The City of Stoughton is included among the 
regional partners.

It is important to note that some of the sediment and nutrient load 
reductions to surface waters and the Yahara Lakes could be negated if there 
is an increase in the frequency and intensity of spring and summer storms as 
projected by some climatologic models. Data from the Wisconsin Initiative on 

8 Cadmus Group, 2010. 
9 http://danedocs.countyofdane.com/webdocs/pdf/press/6_-
_11_Final_Press_Event_Handout.pdf
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Climate Change Impacts (WICCI) show average annual precipitation has already 
increased between 4.5 to 7 inches in Dane County between 1950 and 2006. 
Projections suggest the average annual rainfall from 1980 to 2055 will 
increase an additional 1.5 inches. The frequency of 3-inch rainfall events 
has increased over the last 10 years. The WICCI projection is for 2 to 2.5 
more rainfall events of 2 inches or greater per decade in Dane County from 
1980 to 2055 (from 12 times per decade to 14 or 14.5 times per decade). 
Because most of the sediment and phosphorus discharged to Lake Mendota comes 
from agricultural land uses, the timing of the rainfall significantly 
influences phosphorus loading. August 2007, the wettest August on record with 
15.18 inches of precipitation, resulted in a phosphorus loading of about 
6,100 pounds at the USGS station at the Yahara River in Windsor. In 
comparison, June 2008, the wettest June on record with 10.93 inches of 
precipitation, resulted a phosphorus loading of about 22,100 pounds. Higher 
phosphorus loading with less precipitation is likely due to the timing of 
manure spreading and/or the changes in crop cover during the growing season. 
Additional urban and rural runoff management practices may be needed to 
improve water quality of Lake Mendota and the downstream Yahara lakes. The 
National Oceanic and Atmospheric Administration’s National Weather Service is 
in the process of updating the rainfall frequency data for Midwestern states, 
including Wisconsin. The result of this work is scheduled for publication in 
March 2013 and will be used to adjust the rainfall data used in stormwater 
modeling as necessary.

Water Quantity 
Large areas of former wetlands in the Yahara River Valley have been 
historically ditched and drained and converted to agriculture, in many cases 
resulting in less storage and flashier runoff being transported downstream. 
Likewise, many urban areas have been paved with efficient storm sewers 
directing precipitation more quickly downstream. Agricultural operations with 
inadequate runoff control and older urban areas with inadequate stormwater 
management have increased the volumes of stormwater runoff being directed to 
the lakes resulting in more frequent high lake levels and increased flooding. 

The lake levels for the Yahara Chain of Lakes, (Mendota, Monona, Waubesa, and 
Kegonsa) are managed by Dane County according to the lake level orders 
established in 1979 by the WDNR. The orders require lake level coordination 
of the entire chain of lakes as an interconnected system. Note that this has 
historically been a very difficult balancing act considering the vagaries of 
weather, a very large and slowly responsive system, as well as often 
conflicting resource management goals and objectives among multiple user 
groups.
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Issue:

High Lake Levels

What has been done:
Peak rate control in urban areas since late 1990s

Volume control in urban areas since 2004

What else can be done:
Retrofit BMPs in older urban areas

Restore wetlands, woodlands, and prairies to provide great flood 
storage

Evaluate dam operating procedures and other strategies to better 
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The persistent problem of high water levels in the Yahara Lakes is evidenced 
by the fact that there were 1,081 days (23%) between 2000 and 2013 when Lake 
Mendota levels exceeded the target maximum; 1,480 days (31%) in Lake Monona; 
1,241 days (32%) in Lake Waubesa; and 638 days (16%) in Lake Kegonsa (Figures 
12a-d);. The exceedances can last for months at a time. Since upstream 
communities contribute additional volumes of stormwater to the lakes, 
stormwater volume controls are a critical strategy in successfully addressing 
this problem – both for new as well as existing development. One promising 
strategy is to restore prior-converted wetlands, prairies, or woodlands in 
the areas draining to the lakes.  

 
Lake levels also fall below the minimum standards, but less frequently, often in the spring when the lakes are 
being raised from winter to summer operating levels. This is a particular concern because the lake levels are 
being raised to provide critical spawning habitat for walleye and northern pike. Except for the City of Stoughton 
(and portions of Sun Prairie), all municipal wastewater in the Yahara River Valley has been directed to the 
MMSD Nine Springs Treatment facility and is subsequently discharged to Badfish Creek – bypassing the 
Yahara Lake Chain system entirely. As a result of the municipal well pumping and wastewater diversion out of 
the watershed, baseflow in the Yahara River at the outlet of Lake Waubesa has decreased an estimated 45 
percent (57 cfs).10 The decrease in baseflow coupled with the very shallow stream gradient occasionally leads 
to stagnant water conditions and low dissolved oxygen levels. The most constricted point is the reach between 
Lake Waubesa and Lake Kegonsa where the river drops only two feet over this three mile distance. Regulatory 
dam operations at the Lake Waubesa outlet, the Lake Kegonsa outlet, and Stoughton Millpond designed to 
maintain certain minimum and maximum pool elevations can exacerbate the low baseflow and dissolved 
oxygen conditions in the Yahara River between Lake Waubesa and the Stoughton Millpond during long periods 
of dry weather. Managing this very large, slowly responsive system to satisfy the desires of multiple, often 
conflicting user groups has historically been and will likely continue to be a very difficult and contentious issue. 
The current lake level limits where everyone is “equally dissatisfied” has been described as probably 
representing the best, most equitable balance that can be expected given the hydraulic system limitations and 
regulatory constraints. 
 
Leuten Creek 
Leuten Creek is a small spring-fed stream beginning in the Town of Pleasant 
Springs and flowing three miles south and west to join the Yahara River below 
Lake Kegonsa. It is about five miles long and has an average stream gradient 
of 9.7 ft/mi. and a baseflow of 3 cfs. Much of the stream has been ditched 
and channelize and many of the wetlands in its sub-watershed drained. Water 
quality is considered below average due to agricultural nonpoint sources of 
pollution and hydrologic modifications. Turbidity and sedimentation have 
negatively affected aquatic habitat. It currently supports a limited forage 
fishery (LFF).

10 DCRPC, 2004b.
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Figure 12a
Historic Lake Mendota Water Levels and DNR Lake Level Limits

Figure 12b
Historic Lake Monona Water Levels and DNR Lake Level Limits
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Figure 12d
Historic Lake Kegonsa Levels and DNR Lake Level Limits

Figure 12c
Historic Lake Waubesa Levels and DNR Lake Level Limits
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b. Badfish Creek 
 
The Badfish Creek watershed is located in south central Dane County west of the study area and flows 
southeast to join the Yahara River in the northwest corner of Rock County. The watershed has an area of 65.2 
square miles, which is predominantly rural. Part or all of the towns of Rutland, Dunn, and Oregon, the Village of 
Oregon, and the southeast corner of the City of Fitchburg are in the watershed. Fitchburg and both the Village 
and town of Oregon have experienced rapid urban growth over the past 20 years. Near the county border the 
creek flows through the Badfish Creek State Wildlife Area, which includes large wetland areas helping to buffer 
the stream. This area of stream and surrounding land is designated a Natural Resource Area in the Dane 
County Parks and Open Space Plan. 
  
Badfish Creek has a low stream gradient of 4.1 ft/mi. Most of its length has been channelized in Dane County. 
It is considered an effluent dominated stream due to the discharge of highly treated effluent from MMSD’s 
Nine Springs treatment plant, which serves the Madison Metropolitan area and areas north. Wastewater 
effluent comprises approximately 56 cfs or 90 percent baseflow at CTH A. The Village of Oregon wastewater 
treatment plant also contributes to the total effluent flow in Badfish Creek (approximately 1.5 cfs). The creek is 
classified as a limited forage fishery (LFF) from the confluence of the Oregon and Rutland branches 
downstream to CTH A. Below Highway A, the stream is classified as a warmwater sport fishery (WWSF). Badfish 
Creek is included on the state’s 303(d) Impaired Waters list due to polychlorinated biphenyls (PCBs) found in 
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Issue:

Excess Nutrients

Measures taken since 1990s:

Implementation of agricultural BMPs

Implementation of urban BMPs in areas of new development

Wastewater treatment plant upgrades

Additional measures that can benefit the health of the Badfish 
Creek:

Increase financial resources for broader implementation of 
agricultural best management practices for water quality and 
runoff volume reduction

Increase financial resources for broader implementation of 
retrofit urban best management practices in older urban areas 
for water quality and runoff volume reduction 

Restore wetlands, woodlands, prairies, and pastures in select 
areas for water quality improvement, runoff volume reduction, 
and wildlife habitat

sediments. It had been considered a “high” priority stream for TMDL development, but that was changed to 
“low” priority in 2008. Badfish Creek is also included in the Rock River TMDL project establishing necessary 
reductions in sediment and phosphorus loads. Required total phosphorus reductions specified in the TMDL 
from nonpoint sources and point sources are 45 and 86 percent, respectively. Required total suspended solids 
reductions are 62 and 2 percent, respectively. 

In the 1970s, water quality was quite poor due to the large amount of wastewater effluent being discharged 
from MMSD and Oregon’s treatment plants. MMSD has since completed several treatment plant upgrades that 
have significantly improved effluent quality and stream water quality. Biochemical oxygen demand (BOD), 
ammonia nitrogen, nitrite nitrogen and suspended solids levels have decreased, while dissolved oxygen levels 
have increased resulting in improved water quality. HBI monitoring done at CTH A in 2003 showed fair water 
quality (score = 5.7). M-IBI samples taken in 2002 and 2003 also indicated fair biotic integrity (range = 2.71-
3.56) at downstream and upstream locations, respectively. 
 
MMSD reports have shown that water quality and fish species richness has improved since MMSD began 
monitoring Badfish in the early 1980s. Assessment of MMSD’s data suggests that MMSD’s effluent quality is 
not inhibiting aquatic species from living in Badfish Creek. Northern hog suckers, considered an intolerant fish 
species, have been found at the two MMSD monitoring sites on Badfish Creek. MMSD regularly finds brown 
trout at both Badfish Creek sites during its surveys (likely recruitment from Rutland Branch Creek). The number 
of fish species has increased over the 30 years of MMSD monitoring. Water quality in Badfish improves until it 
reaches Old Stage Road. At that point non-effluent related factors such as agricultural nonpoint sources of 
pollution become the controlling water quality factors. MMSD has found some dense eurasian water milfoil, a 
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highly aggressive invasive aquatic plant, in Badfish over the last six surveys. It is estimated that MMSD and 
Oregon contribute less than 50 percent of the TSS just below Cooksville. BOD concentrations increase 
downstream, indicating polluted runoff from surrounding farmland affects water quality in Badfish Creek. 
Further downstream, the Rock River appears to be unaffected by BOD levels in Badfish Creek. 
 
Pothole Lakes 
The Badfish Creek watershed has many smaller glacial pothole lakes and wetlands, some ephemeral, many 
perennial. Taken together they are regionally important, providing habitat for migratory and nesting waterfowl 
as well as other species dependent upon such aquatic habitat. Threats to these smaller glacial ponds and 
wetlands are from agricultural activities. Methodology does not currently exist for evaluating the condition of 
small lakes or ponds generally less than 10 acres. The WDNR is looking to emerging wetland assessment tools 
for guidance. 
 
Bass Lake 
Bass Lake is a 72-acre highly eutrophic glacial seepage lake in the Town of Rutland just north of the Badfish 
Creek State Wildlife Area. It has a maximum depth of eight feet and is subject to winter fish kills. It is locally 
important for migratory waterfowl. There is some residential development along the northeast shoreline, but 
much of its shoreline is a narrow wooded buffer separating the lake from adjacent farm fields. WDNR 
considers its condition as being “poor or suspected poor.” 
 
Grass Lake 
A small, shallow, land-locked depression, Grass Lake has nine acres of open water. It is located northeast of 
Bass Lake. Portions of its surface are covered by floating sedge bog mats. It is locally important for migrating 
waterfowl and provides habitat for other aquatic species. Part of the tract is a Federal Waterfowl Production 
Area. 

c. Wetlands 

Over half of the wetlands in Dane County and the U.S. have been lost over the 
last century, including those in the Stoughton FUDA study area. Many of the 
wetlands that remain have been degraded. This has resulted in the loss of 
important wetland ecological functions and values, but also incurs 
socioeconomic costs. It has become increasingly recognized that all wetlands 
have value – particularly since there are fewer of them remaining. 
Significant advances have also been made in the science of wetland 
restoration, as well as public opinion and policies for protecting and 
restoring wetland acreage, diversity, structure, and function.

Wetlands play a critical role in the hydrology of river basins. Wetlands are 
valuable for flood control, cleansing surface water of contaminants including 
sediment, heavy metals and pesticides, the organic peat permanently locking 
many chemicals; and providing important wildlife habitat, trophic support, 
movement corridors, and scenic qualities. As the Stoughton FUDA study area 
continues to be transformed from agricultural to urban land uses, retaining 
these wetland functions and values will remain important.

The Wisconsin Wetland Inventory (WWI) indicates that wetlands exist along 
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streams and marshy areas in the study area. Based on the hydrologic modifier 
codes for the WWI Map units, most of these wetlands appear similar from a 
hydrologic standpoint, with a modifier of “K ” indicating wet soil during 
much of the growing season, some of which have been farmed, grazed, or 
abandoned. Wetlands in the study area include shallow and deep marshes, sedge 
meadows, shrub carr, wooded wetlands, and a bog in early successional 
development. 

Limited surveys have been conducted to assess the health and quality of other 
wetlands in the area. Overall, there is a broad range of biological quality 
among the wetland sites depending on site specific factors. Generally, the 
quality of these wetlands depends on nearby land use, such as the intensity 
of agricultural activity (i.e. pasture, cultivated or mowed land, or those 
that have been ditched or drained); or urban development (such as polluted 
runoff or filled wetlands). Low disturbance wetlands feature native wet 
prairie and sedge meadow species. Medium and high disturbance wetlands are 
characterized by an abundance of reed canary grass or woody shrubs resulting 
from varying degrees of ditching or hydrologic alteration. Some have been 
affected by nutrient enrichment or sedimentation promoting more aggressive 
exotic plant species to displace native species.

As part of the natural resource inventory for the Dane County Water Quality 
Plan, a study of wetlands in Dane County was conducted by Bedford et al. in 
1974. This study provided information for planning, and decision-making, and 
to also explore strategies for managing wetland resources in the county. The 
study was conducted on the premise that the information necessary to 
determine the type of wetland, its condition, and its value can be read from 
indicators seen in the field. The most valuable of these were studied in 
detail by the CARPC Restoration Ecologist in 2012. Wetlands that could not be 
assessed are included in the areas labeled as being “Not Inventoried ” on Map 
21. More investigation is needed to evaluate and group these wetlands. 
Ephemeral or temporary ponds have also not been listed, even though they may 
provide critical life cycle habitat for some species, especially amphibians. 
Whereas some of the information contained in the Wetlands of Dane County is 
dated and needs to be re-visited, it provides valuable information, 
especially when combined with the significant progress that has been made in 
our understanding, appreciation, and management of these critical resources 
over the last 35 years.

While all wetlands have value, decisions will need to be made on how to best 
allocate resources towards the protection, enhancement, and restoration of 
regional wetlands.  The Stoughton FUDA study has a diversity of wetlands and 
vary greatly in their ecological communities, size, and present condition. 
There are two regions within the Stoughton FUDA study that have higher 
quality, Group II wetlands.  The first is found north of the City of 
Stoughton and continues north beyond the FUDA study boundary, while the 
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second is Grass Lake, south of the City of Stoughton and found within the 
Town of Dunkirk.  The majority of the wetlands in the Stoughton FUDA study 
appear to be Group III wetlands, these wetlands also appear most frequently 
along the borders of the Urban Service Area and along the Yahara River. The 
lower quality, Group IV wetlands are less frequent, the least acreage, and 
are often encircled by agriculture. More detailed wetland evaluations and 
restoration plans are needed to enhance the potential functions and values 
associated with these areas (see Wetland Restoration, below).
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Wetland Groups 
The information collected during the 1974 study was used to group wetlands 
into five categories. Wetlands are grouped based on their present or 
potential biological condition, scientific value, public use, extent of 
degradation, and immediate or long-range threats. While all wetlands have 
value, decisions must sometimes be made as to where specific approaches and 
efforts are best tailored or targeted. 

Group I Wetlands are the best in the county and, in some cases, among the 
most valuable in southern Wisconsin (see Map 21). The Lower Mud Lake Wetlands 
are a good example near the study area. Although showing signs of disturbance 
they remain virtually intact. In addition to their wildlife value, water 
quality, and flood protection benefits, these sites also provide important 
reference sites for designing restoration projects in other areas. Every 
effort should be taken to protect them.

Group II Wetlands include many of the large peat deposits, which are 
particularly valuable for protecting the Yahara River and its chain of lakes.
Examples include wetlands north of Stoughton. While these wetlands may be 
affected by agricultural or urban development activities, these wetlands 
still remain in very good condition. Most of the wetlands in this group are 
large or deep enough to have resilience. Alterations have not had a profound 
effect. These wetlands should receive the same protection as those in Group 
I, and it is certainly possible to improve or enhance their condition.

Group III Wetlands, although substantially altered, do in fact receive 
wildlife use, provide open space, and enhance the environment overall. While 
all reasonable efforts should be made to ensure their protection, enhancement 
may be especially important to improve one or more degraded functions such as 
flood protection, water quality, and wildlife habitat. The wetlands 
surrounding the Stoughton Millpond area a good example.

Group IV Wetlands maintain some function or exist for temporary periods of 
time (such as protection from flooding or for migratory waterfowl use). Many 
of the Group IV Wetlands could not be surveyed during the original study 
because of limited resources. The fact that they can still be considered 
wetlands after many decades of drainage indicates that they are not well 
suited for agriculture. Their best use appears, then, to be enhanced or 
restored for one or more wetland values or functions – rather than continued 
attempts at drainage.  

Group V Wetlands no longer exist or function as a wetland ecosystem. 
Ditching, draining, or filling has destroyed all functions and values. It may 
be possible, however, to restore them by reversing the action(s) that 
destroyed them in the first place. Potentially restorable wetlands are 
indicated based on WDNR modeled data accounting for land use and land cover 
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constraints. These areas present significant opportunities to restore wetland 
acreage that has been lost over the last century. The former Pheasant Branch 
wetlands are a good example of this and the Pheasant Branch Confluence Pond 
project as an excellent example of how these wetlands can be restored to 
serve important values and functions (e.g., flood control, water quality 
improvement, wildlife habitat, outdoor recreation and scenic beauty). Another 
good example is a Dane County wetland restoration project planned in the 
headwaters of Black Earth Creek immediately downstream of the Middleton 
business park. The former wetlands south of Stoughton offer significant 
opportunity and prospects for restoring many historic functions to the area.

Wetlands should be protected regardless of their quality, because they are 
scarce in the landscape and because of the values and functions they do 
provide, no matter how small or degraded. Many degraded wetlands provide 
important flood protection benefits and open space corridors. Many sites, 
particularly those where native species remnants exist, have a high potential 
for restoration or enhancement. So too do those that have been ditched or 
drained, since it is often possible to restore their natural hydrology by 
plugging ditches or breaking tile lines. In the end, the management strategy 
for each wetland will be as unique as the wetland itself, based on the site 
characteristics and available resources, constraints, and opportunities. 
Because of the scarcity of remnant aquatic habitat, both aquatic and 
terrestrial endangered species are often found associated with wetland areas. 
Likewise, many ephemeral wetlands provide important breeding habitat for 
amphibians, which serve as food for other wildlife. Therefore, enhancing the 
quality and extent of wetland habitat in an area helps support and promote 
natural food webs, biotic health, and overall species diversity. This topic
is discussed more fully in later sections.

Wetlands and former or converted wetlands pose significant constraints to 
development such as high water table levels, potential flooding, and poor 
soils. County and municipal zoning prohibits development in wetland areas of 
2 acres or greater. Wetlands, regardless of size, are also regulated by other 
state and federal laws. Existing laws and regulations, however, do not always 
provide adequate protection. The best strategy is to avoid these areas 
completely and direct future development to areas better suited. In addition, 
existing laws and regulations largely ignore opportunities to restore some of 
the large wetland acreages (and associated functions and benefits) that have 
been lost over the last century. These remnant wetland acres should provide 
the basis or framework for carrying out an effective wetland resources 
protection and restoration strategy here, as in other watersheds throughout 
the county. Although, property tax law currently creates a disincentive for 
farmers who may be interested in wetland restoration by valuing wetlands 
higher than cropped farmland. Therefore, farmers have to be prepared to pay 
higher property tax and lose income from reduced crop yields when restoring 
prior converted wetlands.. 
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The Bedford et al. (1974) study is a particularly useful reference for those 
in the early stage of designing their own wetland restoration or enhancement 
projects. It is important to realize that as with all ecosystems, each 
wetland is unique. In the end the management strategy must be tailored for 
each unique wetland. Wetland protection and restoration plans are routinely 
developed by consulting firms on behalf of their clients. There is also 
federal, state, and local funding available to promote these projects. The 
Dane County Wetlands Resource Management Guide (CARPC 2008) outlines a 
process and framework for developing successful wetland restoration and 
protection plans and projects in collaboration with public and private 
partners. In areas that have not been inventoried or information is 
significantly out of date, CARPC restoration ecologist/biologist can provide 
more current assessment, recommendations, and assistance especially during 
the more detailed and technical design work associated with particular 
development scenarios, plans, or projects.

Overall, wetlands provide very significant and valuable wildlife habitat, 
recreational opportunities, and water resource benefits and functions. Areas 
with hydric soils are a strong indicator of historic and potentially 
restorable wetlands. It is recommended that prior converted wetlands be 
restored whenever possible, and degraded wetlands be enhanced where 
opportunities permit. Existing wetlands should include a minimum buffer of 
75-100 feet for water quality protection, and also be included in park and 
open space areas as Environmental Corridors. Group I and Group II wetlands 
are larger, higher quality wetlands, or contain rare or irreplaceable 
ecological communities and should be granted wider buffers to protect their 
intrinsic resource qualities and to protect habitat. These wetlands should 
have at least a 700 foot buffer. Group III wetlands tend to be large wetlands 
that are moderately disturbed, wetlands which provide protection to Group I 
or Group II wetlands, or wetlands that serve as refugia, stepping stones, or 
parts of ecological corridors connecting higher quality ecological 
communities. These should have at least a 300 foot buffer. Group IV wetlands 
are the most disturbed wetlands and provide few ecological services or are 
insufficient to provide adequate habitat for higher vertebrates.  If 
communities are unwilling or unable to restore the wetlands to a state where 
it may be functional habitat, then it should have at least a 75-100 foot 
buffer.

Wetland Restoration 
As with all restoration activities, the goal is to create a self-sustaining, 
self-organizing ecosystem with similar ecological functions relative to 
historical or reference communities. For restoration to be successful, the 
ecological community will need to remain persistent, maintain ecological 
function after disturbances (ecological resistance), and have the ability to 
return to its previous state after disturbance (ecological resilience). There 
are three general approaches for wetland restoration. These are re-
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Issue:

Wetland Restoration 

Wetland restoration; three means:

Re-establishing hydrology

Contaminant control

Invasive species control

Promote connectivity & consider the watershed

Wetland restoration methods:

Modify land use (soft)

Modify wetland itself (hard)

Seek governmental assistance for wetland restoration funding

Altering land-use practices in adjacent agriculture can improve 
wetlands by reducing fertilizer inputs.

establishing hydrology consistent with historical patterns, control 
contaminants from entering into the wetland, and promoting native species 
while controlling invasive species. Like the stream restoration section 
described above, wetland restoration can be divided into two general 
categories, passive and active restoration. General passive techniques 
include eliminating grazing and mowing, which allows for the native 
vegetation to return. Active restoration techniques for wetlands include 
removing fill, changing site hydrology through changes in geomorphology 
(channel redirection), removal of invasive plant species with replacement by 
native species.

Wetland restoration occurs on a site by site basis. Methods, feasibility and 
cost vary based upon the specific kind of wetland to be restored and extent 
of degradation. The potential role for wetland restoration within the 
watershed-scale approach is usually not considered. This is largely due to 
limited resources and finding willing landowners who wish to participate. 
Restoring wetlands should be considered in a cumulative context, whereby more 
wetlands within a watershed are restored, the greater the influence on 
improving water quality. Considering landscape connectivity between wetlands 
is also important, not only for animal movement and dispersal but also for 
controlling the spread of invasive species. 

 
There are multiple invasive species found in the wetlands of Dane County. The 
two most prolific invasive species of major concern are reed canary grass 
(Phalaris arundinacea) and hybrid cattails (Typha angustifolia, T. x glauca).
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To a lesser extent within wetlands, willows (Salix spp.) can be problematic 
as high density bush stands. Invasive species are problematic because they 
often form high density monotypic stands within the ecosystem which causes 
decreased species diversity, impairing food web interactions, and removing 
habitat. Invasive species affect ecosystem and watershed processes by 
altering erosion, runoff and depositional processes. There are multiple means 
of controlling these invasive species with specific strategies based upon 
degree of spread. Where there are smaller patches of invasive species, 
herbicide application and manual removal are known to be effective. However, 
when the invasive species tend to form large, monotypic stands that blanket 
the area, heavy machinery, and controlled fires will be needed. Invasive 
species control as part of a restoration plan must be performed on adjacent 
sites, otherwise the invasive species will settle and colonize the site 
again. If urban development includes construction in areas with restorable 
wetland sites, it may be beneficial to use heavy equipment to remove 
extensive patches of invasive species (after receiving permission from WDNR).

To specifically address the restoration prospects of wetlands within the 
Stoughton FUDA study area, major wetland groups were categorized into 
“ Wetland Units ”.  These titles serve as points of reference for the reader 
and correspond to positions marked throughout the ECR maps.  These locations 
start north of the City of Stoughton progressing clockwise through the Town 
of Pleasant Springs and around to the Town of Dunn.

Wetland Unit A: Town of Pleasant Springs.  This is the northernmost major
wetland within the Stoughton FUDA study.  This wetland has four distinct 
areas; (1) two shrub carr wetlands mixed with smaller woodlands along the 
north; (2) a cattail marsh along the banks of the Yahara River; (3) reed 
canary grass riparian areas; (4) mixed wetlands near ex-urban development. 
The first shrub-woodlandis approximately 80 acres and found west of Co HWY N 
and is south of Penny Ln and Harvey Ln. This site is more like a shrub carr, 
is dominated by tall shrub species along the northern boundary, but 
transitioning to a mix of beech, birch, sugar maple, basswood, and sycamores 
further south. The second shrub-woodland is approximately 41 acres and is 
found east of Co HWY N, it likewise has a similar composition with more 
dogwoods and willows along the edges.  Both of these areas do have 
cottonwoods developing along their margins, which should be removed.  The 
second site is a cattail marsh, found closest to the Yahara river and is 
approximately half of the total wetland acreage west of Co HWY N.  This 
wetland has been previously disturbed by machinery along its border to the 
northern shrub-woodland, and has partially recovered.  Along this border, 
there are seven open water bodies.  Their proximity to the shrub-woodlands to 
the north and west will make them more useful to local wildlife  The third 
site is the wetland riparian area found along Leutten Creek, which is a 
perennial stream that flows through this wetland into the Yahara River.  Reed 
canary grass has negligible value as wetland or riparian habitat.  Its 
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presence along streams does not protect the site from downcutting erosion, 
nor does it provide value to stream ecosystem function or aquatic habitat 
support.  Although reed canary grass is found along Leutten Creek, it is not 
pervasive throughout the entire wetland complex. The fourth site is a mix of 
different wetland types, with no clear pattern in their distribution.  These 
wetlands, and associated uplands, are under various management regimes by 
multiple landowners.  This area includes a network of private trails, several 
artificial ephemeral ponds and depressions, mixed stands of willows, shrubs, 
and few mature trees.  The majority of this section of the wetland is covered 
by reed canary grass.  This area alone is not likely conducive for habitat, 
but provides some distance of higher value habitat away from human 
settlements.

Wetland Unit B: east of the City of Stoughton. This wetland is found directly 
east of the City of Stoughton.  This wetland can be divided into three 
separate areas; (1) a wooded wetland in the north, (2) cattail marshes south, 
and (3) mix of wetland types to the east.  First, the wooded wetland, east of 
Co HWY N, is comprised of beech, birch, sugar maple, basswood, and sycamores.  
All representative of wet soil communities.  Next, south of this woodland are 
a series of smaller deep marshes of cattails, with multiple open water bodies 
within them.  Pools of open water within cattail marshes make them more 
valuable for local wildlife.  This is especially true for any resident or 
migratory waterfowl.  Retaining open water features within cattail marshes is 
becoming a greater issue for habitat management, as invasive cattail hybrids 
have expanded.  These hybrids detract from marsh habitat by forming 
monocultures through excessive shading, inhibit the growth of other 
herbaceous species, removing the availability of open water, and grow to such 
high densities they become unsuitable for vertebrate habitat. Thirdly, moving 
east is a mix of more disturbed wetlands habitats.  This area does not have a 
predominant wetland ecosystem type.  It has reed canary grass fields, 
scattered clusters of shrubs and upland trees, and an active agricultural 
field towards its center that shows signs of temporary flooding.  However, at 
the far eastern corner of Wetland Unit B are a four open water bodies, two 
surrounded by cattails, and two by wooded wetlands.  The position of these 
open water features, in the larger landscape context, will help to foster 
greater connectivity for regional organisms. The site is a major node in the 
local network of ecosystems, as it is an overland connection for Wetland Unit 
A to B, and Wetland Unit B to C. These sites can also act as active breeding 
ponds for local amphibians.

Wetland Unit C: Town of Dunkirk. This wetland is located south east of the 
City of Stoughton and east of the Yahara River.  A majority of its acreage is 
found south of the Wisconsin & Southern Railroad line.  The northern and 
western sections of this wetland are more heavily disturbed by reed canary 
grass, and has some pockets of cattails in the more continuously flooded 
areas.  Filled ditches appear within the northern section and have been 
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colonized by birch, maple, and cottonwood trees with herbaceous vegetation 
filling gaps between ditches. The southern section has less invasive species 
and post-disturbance vegetation.  It has some wooded wetlands, transitioning 
to shrub carr and other herbaceous vegetation.  There are several small ponds 
along the western edge of this southern section.  Their size and adjacency to 
woody vegetation will make them excellent locations to attract local 
wildlife, particularly amphibians, herptiles, and migratory birds.  Despite 
the disturbance in the northern section, this wetland is an important for 
ecological connectivity.  Along its eastern edge is a chain of open ponds 
with wide vegetative cover.  These attributes, along with the ecological 
content of the area will help facilitate organism movement to Wetland Unit B 
and to resources further south outside of the Stoughton FUDA study.   

Wetland Unit D: Grass Lake of the Town of Dunkirk. This wetland found south 
of the City of Stoughton is rare for Dane County, it has elements similar to 
a deep water marsh and a bog.  This wetland appears to be in the early stages 
of a filled-lake bog sequence, where it has floating vegetation along the 
periphery and open water in the center.  The floating vegetation in this 
wetland appears to vary in content and extent between years. Mats of cattail 
species (Typha) drift on the surface, changing positions annually with 
smaller emergent and floating plant species (Lemna) appearing seasonally.  
This site also has additional habitats, making it favorable for a variety of 
species. It is adjacent to a 20 acre restored prairie found to the south-
east, and is surrounded by a narrow woodland comprised of birch, beech, sugar 
maple, and basswoods; tree species consistent with wet soils.  Grass Lake of 
Dunkirk is also connected to the Bad Fish Creek Wildlife Area my a narrow 
corridor along Bass Lake.

The restoration of bog ecosystems is extraordinarily difficult, if not 
impossible.  The current literature indicates that if bogs are severely 
impacted by human activities, then irreversible changes occur to biotic and 
abiotic properties. Bogs ecosystem function is based on vegetation 
communities, water regime, water chemistry, and the steady accumulation of 
peat.  Bogs cannot be restored within a regulatory timeframe and physically 
cannot be recreated elsewhere as part of compensatory mitigation.  For 
perspective, if a disturbed bog is left to regenerate naturally, the 
establishment of  keystone species and accumulation of peat would take 
centuries. With existing bogs, the best chances of restoration should be 
directed towards restoring less disturbed or damaged bogs.  However even with 
restoration efforts, the process will not yield rapid results.

The current literature indicates that the best means of preserving bog 
ecosystems is to reduce human impact.  Management plans for bogs are focused 
protecting of their existing state.  Preservation measures include; ensure 
that water levels remain within their natural ranges, prevent desiccation of 
accumulated peat, retain accumulated peat, limit sedimentation and nutrient 
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inputs, and remove invasive species.  Most of these can be accomplished by 
using vegetative buffers and discouraging shoreline development.  Grass Lake 
of Dunkirk will be more complicated for its long term management as it has 
attributes of both a deep water marsh and bog. It has yet to develop wide 
stationary floating vegetation along the shoreline, which is an attribute of 
more mature bogs.  The lack of vegetation structure makes the site less 
conducive to bog specific plant species.  If this site were to be severely 
disturbed, either by changing the hydrology or nutrient balance, it may 
jeopardize existing vegetation mats by prevent the development and settling 
of existing mats.  Without this structural element the bog cannot exist.

Wetland Unit E: Depressional Wetlands. There are multiple depressional 
wetlands located west of the City of Stoughton which will be challenging to 
restore. Depressional wetlands embedded with agricultural landscapes are 
often degraded by excessive sediment accumulation.  Cultivation amplifies 
surface runoff, alters hydrologic inputs of groundwater, and removes the 
natural vegetation that once surrounded and protected the depressional 
wetland. Increases in sedimentation of impacts ecosystem function as it 
decreases or eliminate water storage volume, reduces flood attenuation, 
alters hydroperiods (i.e. amount and duration of flooding), and lowers soil 
organic matter while increasing phosphorus nutrient loading which is bound to 
sediment particles.  Sedimentation also impacts habitat for wildlife as it 
reduces plant richness and productivity, and has higher susceptibility to 
invasive species colonization and dominance. Sedimentation rates for these 
types of wetlands occurs two to three times faster in agricultural landscapes 
than in grassland dominated catchments.  Accelerated sediment loading to 
depressional wetlands lowers their long term persistence within the 
landscape. Once depressional wetlands fill with sediment, either by gradual 
accumulation or by a catastrophic event, they no longer provide ecosystem 
services to society.

Restoration of these depressional wetlands will need to take the affects of 
sedimentation into account.  The first step will be to reduce sediment 
inputs.  Restoration of these features cannot occur without the establishment 
of permanent, perennially vegetated, buffers and implementation of best 
management practices for sediment control in adjacent uplands. At a minimum, 
a 100 foot wide buffers should be used and mapped based upon the maximum area 
of the depression when flooded.  Silt trapping fences on contours of slopes 
should be used if there is any construction nearby.  Second, pool depths 
should be re-established. There are no general rules regarding depressional 
wetland pool depth, so  additional assessments will needed to determine the 
depth of accumulated sediment. It may be necessary to excavate the sediment.  
Restoring pool depth will lessen flooding of adjacent land, expose the 
historic seedbank and potentially allow for natural regeneration of local 
vegetation, remove weedy plant species, and restore some ecological functions 
similar to natural conditions. Third, return natural vegetation to the site.  
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Before a full restoration of the site, the local seedbank will require 
assessment.  Testing the seedbank for species content and seedling viability 
will need to be conducted in greenhouses.  The older the seedbank, the less 
viable it will be, as species diversity and seed survivorship declines over 
time.  If the tests indicate that native species do exist, and occur at 
greater frequencies than invasive species, then sediment excavations may 
expose them allowing for natural regeneration.  However, if the seedbank 
lacks viability, actively planting replacement species will be necessary as 
all the depressional wetlands within this section of the study area are 
similarly impaired.  

If the communities wish to restore these resources on a case-by-case basis, 
then depressional wetlands with long retention times should be granted higher 
priority for restoration as they have the highest value for improving surface 
water quality, groundwater recharge.  Communities may wish to consider 
preserving this series of depressional wetlands through the use of a 
continuous corridor linking these elements together.  These wetlands could 
serve as refugia for amphibians and other vertebrates if sufficient 
vegetation and cover is established.  Successful animal responses to wetland 
restorations have been found in agriculturally-dominated landscapes. These 
depressional wetlands are close to government conservation lands found in the 
Town of Dunn and the Town of Rutland to allow for animal use. However, 
corridor linkages should be considered only if there is a commitment to 
restoring these individual features. Establishing a corridor without wetland 
restoration will not yield the same habitat benefits.

Additionally, planning for future developments around depressional wetlands 
should take the effects of chemical pollutants into consideration, especially 
high chloride concentrations and elevated total phosphorus.  Both of these 
stressors place wetland plant and macroinvertebrate communities at greater 
risk.  High chloride concentrations are derived from developed areas, 
adjacent roads, and parking lots Elevated total phosphorus is caused by 
overland sediment influx from erosion.

Wetland Unit F: Wetlands North-east of Island Lake in the Town of Dunn.  The 
wetlands in this group are a chain of four kettle-pond wetlands that extend 
north-east from Island Lake, which is found east beyond the Stoughton FUDA 
study area.  Full assessment of these wetland resources, as they appear for 
most years, was not possible due to extended and severe drought of 2012.  
That event changed the water levels of these wetland creating open mud-flats 
for most of the area, permitting non-aquatic species to colonize.  However, 
historical satellite and aerial imagery indicates the community is a mix of 
emergent vegetation and cattail species with good interspersion of open 
water. The habitat functions of these wetlands are enhanced the size,
quality, and proximity of nearby natural ecosystems which include the Gadwall 
Swamp Waterfowl Production area. This site, and the woodlands and prairies 
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around them, create a wide and continuous ecological corridor to Island Lake.  
These sites, and the resources around them appear to be actively managed.  
There is evidence of prescribed prairies burns and girdling of invasive tree 
species throughout the site.  For the protection of these resources, and to 
protect wildfowl nesting habitat, a 700 foot buffer is recommended for the 
two southern wetlands.

Additional wetland restoration opportunities exist throughout the Stoughton 
FUDA study area. Agricultural areas that are poorly drained and have hydric 
soils, yet persistently fail to produce cash crops may be targets for wetland 
restoration. There are government programs designed to assist landowners in 
becoming natural resources stewards. Some of these programs include the 
Wildlife Habitat Incentive Program (WHIP), the Wetlands Reserve Program 
(WRP), and the Conservation Reserve and Conservation Reserve Enhancement 
Programs. If there are restorable wetlands within these agricultural areas 
that are not profitable for farmers, participation with these programs may 
give farmers the financial incentive to participate.

Wetland restoration should be considered on the landscape level. 
Interconnectivity between wetlands is important, not only for animal movement 
between patches, but also for the dispersal of plant propagules. If wetland 
restoration activities include the control of invasive species, then it is 
important to note if these invasive species exist in adjacent properties. If 
these organisms are not controlled, then they will return to the restoration 
site.

C. Groundwater 

A substantial portion of precipitation that reaches the land surface 
evaporates. The remainder either infiltrates into the ground or flows 
downhill as surface runoff. The portion that infiltrates into the ground 
enters the groundwater system to provide our drinking water and also emerges 
as groundwater discharge to provide baseflow for streams, lakes, and 
wetlands. Surface water, shallow groundwater, and deep groundwater are 
closely interconnected. This groundwater/surface water balance can be upset 
by human activities affecting both the quantity and quality of our ground and 
surface water supplies. Almost all groundwater in Dane County originates as 
recharge occurring locally (Bradbury 1999). We are therefore directly 
responsible for the health of our ground and surface water resources.
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Planning Considerations:

Investigate and take all reasonable management steps to limit the
impacts of municipal well withdrawals on the Yahara River.

Identify locations best suited for preservation for active and 
passive groundwater recharge.

Use every opportunity to infiltrate rainfall runoff to recharge the 
groundwater.

Increase water conservation with low flow fixtures and rainwater
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Most lakes and streams are discharge points for groundwater where the water 
table intersects the land surface. In general, the water table is a subdued 
reflection of the land topography (see Figure 15). The depth to groundwater 
ranges from zero at the fringes of lakes, streams, and wetlands to over 200 
feet beneath the ridges in the driftless area. The shallow groundwater in 
Dane County forms several naturally occurring basins, analogous to but not 
entirely coincident with surface water basins (see Map 24). Shallow 
groundwater moves away from groundwater divides. Near major lakes, streams, 
and wetlands, shallow groundwater flows towards these surface water bodies. 
Note that groundwater and surface water divides do not necessarily coincide. 
There are various places in the county where shallow groundwater can move 
horizontally beneath topographic divides and opposite surface water flow. 
This is particularly evident where pumping from the Madison metropolitan area 
has expanded the groundwater divides, thereby capturing more water, for 
example, from the Sugar River watershed in the southwest and the Maunesha and 
Koshkonong watersheds in the northeast. High capacity municipal wells capture 
water from the deep aquifer often at the expense of smaller streams such as
Pheasant Branch, Starkweather, and Token Creeks. Baseflow in the Yahara River 
measured at the outlet of Lake Waubesa has been reduced by 57 cfs (45 
percent) and 62 cfs (28 percent) below Stoughton (see Groundwater Quantity).
This is less of a problem for the City of Stoughton (directly) since it 
returns its wastewater to the Yahara River.

Groundwater in Dane County occurs in three aquifers, or useable layers of 
groundwater (see Figure 16):

1. The Sand and gravel aquifer that fills the buried bedrock valleys of
the Yahara River;

2. The shallow sandstone and dolomite bedrock upper aquifer; and

3. The deep Mt. Simon sandstone lower bedrock aquifer, underlying the Eau 
Claire shale aquitard (a confining layer).

Note that the Eau Claire aquitard separating the shallow and deep aquifer 
systems in other areas of the county is largely absent beneath the Yahara 
Lakes and in the northeast portion of Dane County (see Map 25). This implies 
that shallow and deep aquifer systems are more directly connected where the 
confining layer is absent, and that the effects of high capacity municipal 
well water withdrawals can more easily propagate to the surface water 
systems. These effects include declines in water table levels and reductions 
in stream baselfow. Where the confining unit is present ,such as Stoughton,  
direct or localized impacts to a particular stream by high capacity well 
withdrawals can be better absorbed by the deeper regional groundwater 
supplies. Municipalities typically case new wells down into the deeper Mount
Simon aquifer for a variety of reasons (both quantity and quality related).
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Map 26 and Map 27 show the upper and lower groundwater flow patterns mapped 
separately to better distinguish these two aquifers. Note that termination of 
upper aquifer flow lines in the uplands in Map 26 indicate recharge to the 
lower aquifer in Map 27 Deep aquifer discharge to the upper aquifer near 
water bodies is not as readily apparent. Similar to topographic contours, 
shallow groundwater flows downhill to surface water features perpendicular to 
hydraulic contours. Likewise, movement of the deeper Mt. Simon aquifer is 
generally toward the Yahara River and Badfish Creek. Map 28 indicates the 
location of known springs in area.

Environmental Conditions Report  |  Natural Resources 77 



Figure 16
Groundwater Aquifers in Dane County

Figure 15
General Aquifer System in Dane County

Source: The Hydrogeology of Dane County, Bradbury, et al., 1999
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Insert General Groundwater Flow Map 
24*
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Insert Eau Claire Map 25*
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1. Groundwater Quality
Groundwater supplies nearly all of the water for our domestic, commercial and 
industrial uses in the Stoughton FUDA study area as well as Dane County 
overall. Although there is a relatively unlimited groundwater supply for 
these purposes, it is especially important that the quality of groundwater be 
protected. Once groundwater becomes contaminated it is very expensive and 
difficult to return it back to its original condition. Groundwater is also 
very important for providing baseflow discharge to wetlands and streams, 
especially during periods of dry weather. Groundwater that is withdrawn and 
used in the Stoughton FUDA study area is for the most part recharged locally 
from infiltration of precipitation in the immediate area. 

In rural areas domestic water supplies are drawn from the upper sandstone and 
unconsolidated (glacial) aquifers (see Figure 16). In urban areas deep 
municipal wells draw water from the deep sandstone (Mt. Simon) aquifer. The 
shallow groundwater system is of primary importance in questions of 
groundwater quality. Shallow domestic wells are particularly at risk, 
compared to deeper municipal wells which are usually drilled to a depth of 
many hundreds of feet. Deeper municipal wells are also frequently tested. 
Since groundwater represents the source of nearly all our water supplies 
throughout the county, protection and management of the resource is a high 
priority.

While groundwater quality is generally good, there have been localized 
instances of contamination from nearby pollution sources, particularly in the 
upper or shallow aquifer affecting shallow private wells. Water supply 
concerns relate to potential increases in nitrates, dissolved salts, and 
volatile organic compounds (VOCs), which could affect the deep aquifer from 
which most municipal water supplies are withdrawn. 

Overall, municipal well water quality is highly regulated. Public water 
supplies in Stoughton are regularly sampled and tested. The quality is 
generally quite high and safe for use. In addition, residents receive annual 
Consumer Confidence Reports from their municipal suppliers required by the 
Federal Safe Drinking Water Act and U.S. EPA. The reports provide consumers 
with clear, concise, and accurate information about the quality of their 
drinking water. The City of Stoughton continues to meet or surpass federal 
and state drinking water standards.

Many communities have also defined wellhead protection areas and associated 
regulations to help protect their wells from contamination. Map 29 shows the 
5-, 50-, and 100-year zones of contribution for Stoughton FUDA wells pumping 
at 2030 rates. These provide the technical basis for community Wellhead 
Protection Plans. Stoughton has developed wellhead protection plans for its 
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municipal wells. Wellhead protection plans are developed to help guide 
development and prevent contamination of municipal wells.
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2. Groundwater Quantity

a. Pumping and Diversion 

Pumping or withdrawal of groundwater from one location and then discharging 
or diverting it to another location can significantly alter the local ground 
and surface water balance (e.g., MMSD diversion of wastewater to Badfish 
Creek, essentially short-circuiting the Yahara River system). As part of the 
Dane County Regional Hydrologic Study (DCRPC 2004) groundwater modeling was 
conducted to estimate the impacts of high capacity municipal well water 
withdrawals. These impacts can be particularly pronounced in urban areas 
where concentrated pumping of groundwater lowers the water table, reducing 
base flow contributions to streams and lakes. Figure 17 shows water table 
declines as a result of year 2000 pumping by as much as 65 feet on west side 
of the Madison metropolitan area, and by 45 feet on the east side. The fact 
that there are two cones of depression indicates that the Yahara Lakes are a 
significant source of water for groundwater supplies. Figure 18 shows the 
additional water table declines as a result of projected year 2030 pumping 
and diversion, concentrated primarily in the developing areas of the region. 

According to the modeling, baseflows have been reduced by nearly half (45%) 
in the Yahara River below Lake Waubesa (Table 8), compared to pre-development 
conditions (no wells pumping). Baseflow is expected to be reduced an 
additional 12 percent due to future (2030) well withdrawals. CARPC 
recommendations for new Urban Service Areas have encouraged water 
conservation and infiltration measures to help mitigate these reductions
While efficient use of our groundwater supplies is always a good idea, this 
is less critical of an issue for Stoughton ( compared to upstream 
communities), since the city returns its treated wastewater back to the 
Yahara River (rather than diverting it out of the watershed). 

Table 8. Simulated Stream Baseflows for Selected Streams in Dane County (cfs)

Station
Pre-

Development
cfs

2000
cfs (% reduction)

2030
cfs (% reduction)

Yahara River @ Lake Waubesa 
Outlet 127.3 70.0 (45%) 54.2  (57%)

Yahara River below Stoughton 223.4 161.1 (28%) 142.5 (36%)

Badfish Creek @ CTH A 6.6 5.2 (22%) 4.5 (32%)

Source: DCRPC 2004
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Figure 17

Figure 18
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b. Groundwater Recharge Loss 

One of the impacts of development is the expansion of urban areas and the 
increase in impervious areas covered by roads, roofs, and parking lots. The 
increase in impervious surfaces in the absence of active stormwater 
infiltration practices such as raingardens, results in substantial reduction 
in the natural groundwater recharge through the ground surface. While there 
is no critical shortage of groundwater available for future supply needs, 
this clear and cold groundwater flowing from numerous springs, seeps, and 
baseflow discharge does provide an extremely important source of water for 
maintaining the health and well-being of our surface water resources. Map 30
shows natural groundwater recharge rates for the Stoughton FUDA study area.
 
Precipitation that soaks into the ground recharges groundwater supplies and 
discharges to streams keeping water temperatures low, and enhancing water 
oxygen levels. This favors habitat for fish and other sensitive aquatic 
species. Alternatively, precipitation that does not infiltrate into the 
ground typically runs off the land surface picking up pollutants along the 
way, requiring extensive stormwater quality treatment to protect surface 
water features. Additional runoff volumes, if not controlled, can also result 
in higher stream flows, and if allowed to continue and accumulate, can cause 
extensive stream bed and bank erosion and contribute to habitat damage.

c. Relative Infiltration 

A key modern stormwater management strategy for addressing the impacts of 
development is to infiltrate as much rainfall and snowmelt into the ground as 
possible, thereby reducing overland stormwater runoff and replenishing 
groundwater supplies. Map 31, Map 32, and Map 33 show various opportunities 
and strategies that can help minimize the impacts of future development as 
well as retrofit previously developed areas where opportunities permit.

The distinction between infiltration and recharge should be clarified. 
Whereas all precipitation that reaches groundwater is infiltrated into the 
soil, not all infiltrated precipitation actually makes it all the way to 
recharging groundwater supplies. Some of it may be captured by plants and 
evaporated or transpired back into the atmosphere. The distinction is that 
infiltrating stormwater runoff into the soil can reduce the volumes of runoff 
washing over the land surface, but not all of the infiltrated stormwater will 
necessarily reach the groundwater. Groundwater recharge supplies baseflow 
discharge to area waters, sustaining them during dry weather conditions.
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From an overall stormwater management perspective, areas with naturally high 
infiltration should be used to recharge the groundwater to the greatest 
extent practicable. Map 31 indicates generally medium infiltration areas 
within the Stoughton FUDA study area. Stormwater runoff generated in these 
areas could be reduced on site to some extent, such as through rain gardens 
and low impact design. Modeling by a researcher at UW-Madison provides 
important insight into the beneficial aspects of rain gardens. It has been 
theorized that over 90% of the annual runoff can be infiltrated into the 
ground by using a rain garden sized only 10% of the impervious area draining 
to it (see Figure 19). The optimum area ratio is between 10%-15% before 
experiencing a rate of diminishing return. In this manner, infiltration rates 
in rain gardens can be designed to exceed natural infiltration rates, helping 
to make up lost infiltration caused by past development and groundwater 
depression caused by well withdrawals. Stormwater runoff rates and volumes 
are lowered through infiltration practices, preventing damage to streams. 

Reducing runoff also results in reduced pollutant loads washing off the land 
surface into area waters. This is just one example of the many options 
available to promote greater infiltration of precipitation, both on-site and 
off-site.

Map 32 presents enhanced infiltration that could result from engineering 
practices tapping into deeper sand and gravel deposits. Significant 
opportunities exist within the study area. These may be prime locations for 
regional infiltration facilities that could be used for water recycling and 

Figure 19 Rain Garden Simulation
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Planning Considerations:

Potential Wetland Restoration Sites
Consider opportunities to connect valuable natural resource areas into 

E-Ways for their recreational, educational, and environmental 
benefits.

For example, the Environmental Corridors for wetlands along the Yahara 
River and pothole marshes/lakes  could be expanded upon to showcase 
th i ifi t t l f t

to infiltrate stormwater generated in other parts of the watershed. These 
facilities would need to be adequately sized and located to accommodate the 
rates and volumes of stormwater generated by a proposed development. 
Groundwater quality protection measures should also be considered. For 
example, directing clean rooftop runoff to infiltration trenches and basins 
would be one way of dealing with this, as well as engineered soils (e.g., 
mixtures of sand, clay, and compost) to filter out pollutants, maintaining 
adequate separation distances to groundwater, along with a whole host of 
other engineering and conservation design practices. There may also be 
opportunities for retrofitting previously developed or re-developing areas.

Map 33 shows where the potential for enhancing infiltration may be the 
greatest. These areas show the greatest improvement in infiltration capacity 
between the natural and engineered states. Overall, there are many 
opportunities for enhancing infiltration throughout the study area. The 
purpose of these maps is to highlight these areas as important elements of 
site design, so that they may be more fully utilized for water quality 
protection and groundwater recharge, early in the planning process. While the 
maps do not replace the need for more in-depth analysis for a particular 
site, they do provide a useful planning tool to encourage the incorporation 
of innovative stormwater management practices into more sustainable urban 
designs.

D. Open Space Corridors 
An open space corridor is defined as water features and the riparian area of 
land that has contact with the water either through flooding or soil 
saturation, and can include upland areas in some cases (see Map 35). An area 
of natural vegetation that protects the water from an adjacent agricultural 
or urban land use is called a buffer strip. 

Open space corridors promote important values for protecting water quality 
and habitat for fish and wildlife, as well as for recreational pursuits. The 
Stoughton FUDA study has great potential to retain existing natural resources 
to foster greater connectivity within the region.  This topic will be 
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discussed in greater detail in later sections (see Habitat Losses and 
Connectivity).

Although the amount of land in the riparian area constitutes only a small 
amount of the total land in the watershed, it has considerable value for both 
water quality and the overall life-cycle needs of organisms. Riparian areas 
link riverine and terrestrial systems and make each more ecologically 
productive. Riparian areas also serve as habitat for both terrestrial and 
aquatic species. Insects that emerge from riverine systems feed bird and bat 
populations. Nutrients from aquatic areas help to support vegetation in 
upland communities, and this vegetation in turn acts as a filter strip to 
help protect water quality and prevent upland sediment and associated 
pollutants from washing into the stream. Riparian areas enhance habitat in 
many other ways. For example, trees and shrubs along the river help shade the 
stream from the sun and keep the water temperatures low. Logs and branches 
that fall into the stream provide a suitable place for insect larvae, an 
important food source for fish. These logs, along with the vegetation that 
overhangs the stream channel, also provide hiding places and shelter. Fish
use these places to rest, hide, and wait for prey. In addition, the leaf 
litter from trees and shrubs in riparian areas provides nourishment for 
insects and other stream organisms. Vegetation also provides stabilization 
for stream banks, with intermingling plant roots providing cohesion, 
providing drainage and reducing collapse, and buttressing soils from overland 
forces. Riparian trees dissipate the kinetic energy from floods and improve 
soil infiltration through increased soil porosity and improving capillary 
action. 

The dedicated Open Space Corridors shown on the Regional Development Plan Map 
(Map 35) include two distinct components which together provide a continuous 
countywide network of open spaces and environmental resources considered to 
be most critical for protection: 

Environmental Corridors within urban and limited service areas, provide the 
basis for a continuous open space system based on natural features and 
environmentally important lands such as streams, lakes, shorelands, 
floodplains, wetlands, steep slopes, woodlands, parks, and other publicly 
owned lands. 

Resource Protection Areas in rural areas (outside urban and limited service 
area boundaries), are based primarily on floodplains, wetlands, and shoreland 
areas – lands protected through shoreland zoning and other regulations, along 
with publicly owned lands (e.g., parks). These areas face considerably less 
intensive development pressures than their urban counterpart. 

It is important to point out that Environmental Corridors were originally 
developed to protect sensitive aquatic features from urban development 
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activities where the emphasis was largely directed to water quality concerns 
(e.g., providing a 75- to 100-foot vegetative buffer). They were intended to 
provide a basic skeleton network of connected natural areas which would be 
expanded through local initiative. The 75-foot vegetative buffers are 
generally inadequate for protecting habitat, biodiversity, and ecosystem 
sustainability, which require 150- to 250-foot buffers. These concerns have 
emerged more recently. This is not a significant problem inasmuch as more 
needs to be done. FUDA planning offers the opportunity to capture and address 
these broader concerns. With this in mind, more information and discussion is 
provided in the section of this report dealing with the natural resource 
impacts from urban development, specifically as it relates to habitat loss 
and ecosystem health.
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Riparian Areas and Their Restoration 
The riparia is the land that is adjacent to streams and rivers. Riparian 
vegetation is essential to stream ecosystem function at both reach and 
watershed scales. These areas provide water quality, channel stability, 
sediment retention functions, and habitat to both aquatic and terrestrial 
organisms. Organisms living within the stream are critically dependent upon 
material input from the terrestrial environment, which is derived from woody 
debris and leaf litter.

Conserving riparian areas in upslope ecosystems, upstream systems in steep 
hills, is important for controlling sediment. These areas never achieve 
static equilibrium and lose sediments in episodic events, mostly during 
precipitation. Maintaining wide riparian vegetation in these steep areas will 
be essential for two reasons, (1) steeply sloped areas, particularly sites 
found on the outside bends of stream meanders, are not conducive to growing 
extensive vegetation, this suggests the importance of having wide riparian 
buffers to control flows through these areas, and (2) precipitation increases 
due to global climate change will likely make these areas more prone to 
erosion in the future.

Throughout Dane County, there are three major invasive species that impair 
riparian function; reed canary grass, willows that grow together to form 
brush stands, and cottonwood trees. Reed canary grass causes multiple 
problems for riparian and stream ecosystems; it constricts flow in 
watercourses, increases evapotranspiration which negatively impact shallow 
groundwater recharge rates. It has a profound impact on habitat structure as 
it outcompetes native plant species, prevents regeneration of saplings which 
later contribute to large woody debris inputs, reduces terrestrial arthropod 
and leaf litter inputs to stream food webs, reduces shade for fish. Willow 
trees growing in dense brush stands are also a problematic, but do not appear 
as frequently as reed canary grass. When willows grow in high densities, they 
also produce monotypic stands, removing species diversity. When this species 
propagates throughout riparian areas, it reduces stream discharge rates. In 
southern France, when these pioneer trees grew along the River Ouvèze, it 
caused the mean stream with to decrease by nearly half. This reduced the 
stream capacity to discharge flood waters, which eventually lead to 
devastating floods in 1992. Conversely, the presence of cottonwood trees 
negatively impact woody debris budgets into streams. These trees grow faster 
than native trees, but have brittle wood and weaker root structures. These 
trees are more susceptible to falling from wind or storms. Excessive woody 
debris inputs into streams will cause it to widen, resulting in warmer 
streams and greater deposition of fine sediments. These fine sediments, in 
turn, remove the small interstitial spaces between river stones, that server 
as macroinvertebrate refugia and reproductive sites for some fish.

When planning for riparian restoration it is important to consider that 
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riparian areas shift and change as streams meander throughout time. 
Considerations for the establishment of buffers should include this 
meandering and expected change.

It is important to consider ecological restoration of riparian areas, not 
only in an immediate context, but also with regard to future stressors caused 
by global climate change. Global climate change models predict increased 
severity and frequency of weather events. This will likely cause increased 
flooding and increased droughts. Considering ecological resilience, the 
ability for an ecosystem to rebound after an environmental stress and remain 
adaptable to future change, is important for designing ecological restoration 
plans. This is particularly important when considering restoration of 
riparian areas that often experience disturbances in hydrology and 
geomorphology. With global climate change and expanding human populations, it 
will be necessary to consider if current standards for riparian protection 
will be sufficient in future years. Research indicates that riparian 
vegetation are well adapted to these types of disturbances and may be more 
resilient than upland habitats. However, there are limits to ecological 
resilience as human activities interrupt ecological processes. Ecosystem 
function is further impaired as invasive species quickly colonize after 
anthropogenic disturbances. When possible, it may be prudent to expand 
buffers beyond 100 feet to increase resilience and redundancy in riparian 
ecosystems (for more detail on potential approaches see the concept of “core 
habitat ” on page 109). 

Riparian restoration shares with stream restoration the need for cooperation 
from multiple landowners in order to be effective. Restoration across private 
lands is important for maintaining connectivity, size, and quality of 
riparian habitat. There are governmental funds available for riparian 
restoration. Many of these riparian programs are also under the same granting 
agency as wetlands. Some of these include the Wildlife Habitat Incentive 
Program (WHIP), the Conservation Reserve Program (CRP), and the Environmental 
Quality Incentives Program (EQIP). Riparian restoration in agricultural 
settings may be less appealing to full time farmers on larger plots than part 
time farmers with smaller plots. The Maryland Department of Natural Resources 
found higher landowner participation in the installation of forested buffers 
from small scale farmers who did not receive a majority of their income from 
horticulture. Farmers of larger tracts of land, who earned more of their 
income from agriculture than animal husbandry, were more likely to install 
grass buffers instead of forested buffers.

Ultimately, despite the ability of riparian areas to control overland flows 
to streams and rivers, riparian conservation cannot be a substitute for good 
catchment management and land use practices. These areas can be further 
integrated into broader buffers for park and open space purposes which 
enhance wildlife habitat and support “core habitat ” concepts outlined on 
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page 109. 

The Stoughton FUDA study area has one major riparian area of interest.  This 
follows along the Yahara River.  Preservation of the riparia along the Yahara 
River will allow for direct connectivity among the large regional wetlands.  
Due to the stream order and magnitude of flow for the Yahara River, the 
function of riparian vegetation will be slightly different when compared to 
lower order and headwater streams. 

According to the River Continuum Concept, aquatic ecological communities 
change by their content as stream order increases.  Lower order streams are 
heavily dependent upon the terrestrial inputs derived from their immediate 
riparia. These inputs include large woody debris and leaf litter.  These 
resources are utilized directly by their macroinvertebrate communities.  As 
stream order increases, direct contribution of terrestrial inputs is used 
less by the aquatic communities, and new assemblages of macroinvertebrates 
and fish become more reliant on the recycling of materials.  Despite this 
change, however, riparia still provide important habitat functions, 
especially for aquatic vertebrates to higher order streams.  Large woody 
debris, in the form of whole trees called snags, are create habitat 
structure.  These trees provide sites for biofilm production, cover and 
spawning sites for fish, basking sites for aquatic turtles, and hunting sites 
for piscivorous birds.  Additionally, they provide sites to trap sediments, 
lower site temperatures through shade.

A smaller riparian area of interest is the Leutten Creek, which drains into 
Wetland Group A in the northern section of the Stoughton FUDA study.  
Riparian areas which are heavily infested with reed canary grass do not 
provide the same degree of ecological function or habitat support when 
compared to more naturally vegetated riparia.  Reed canary grass does not 
provide adequate woody debris or leaf litter inputs, nor provide adequate 
shade or cover for aquatic organisms.  These disturbed areas are less likely 
to support diverse terrestrial insects, which are an important food resource 
for aquatic vertebrates.  This invasive plant can stabilize the geomorphology
of an area and has been used as erosion control agent, but this does not 
apply to downcutting erosion for streams, often leading to deep V-cut
channels.

E. Endangered Resources 

Before Europeans arrived, south central Wisconsin was mostly open country 
dominated by prairies and oak savannas (see Map 36). Grasses, wildflowers and 
widely scattered oaks were the principal vegetation. Low, poorly drained 
areas contained extensive marshes, sedge meadows, and wet prairies. For 
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Planning Considerations:

Look for opportunities to protect 
habitat for threatened and endangered species in public parks and 

t

millennia, fire checked the growth of forests and kept the landscape open. 
Fires were probably ignited by native Americans or naturally occurring by 
lightning. Areas that burned often and contained few barriers to the spread 
of fire (such as lakes, rivers, and marshes) were usually treeless prairies, 
rich in grass and forb species. Areas that burned less frequently developed 
into oak savannas and woodlands. Like the prairie, these oak communities 
contained a high diversity of grass and forb species. Bur oaks and white oaks 
were the dominant trees in this landscape since their thick bark protected 
them from fire. Areas protected from fire, usually on the leeward sides of 
lakes and major rivers, developed into sugar maple-basswood forests.

Following European settlement, wildfires sharply diminished and eventually 
halted. No longer suppressed by fire, oak seedling sprouts grew rapidly and 
formed closed-canopy oak forests within a generation. Eventually fire-
sensitive hardwoods, like maples, ashes, elms, and hickories began spreading 
and displacing oak trees. Lands that were prairies or savannas are now mostly 
wooded, farmed, or built upon. According to WDNR, only 0.5% of the original 
area covered by prairie and only 0.01% of the area covered by savanna in 
Wisconsin still exists (WDNR 1995). Ecosystems originally rich in plant and 
animal species have degraded through structural changes to habitat and 
subsequent loss of plant and animal species. This is the result of widespread 
clearing of land for agricultural production and urban development, 
stormwater runoff, drainage of wetlands, channelization of rivers and 
streams, invasion of exotic species, and extensive fragmentation of natural 
ecosystems. Only relatively recently have serious efforts been taken to 
protect and restore these resources. The Stoughton FUDA study area contains a 
diverse array of streams, wetlands, woodlands, and grassland habitats which 
give rise to numerous wildlife species, some of which may be either 
threatened or endangered. 
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Plant community structure is the fundamental building blocks of ecological 
landscapes and determines zoological diversity and drives ecosystem function. 
Natural communities are valuable and vital component of sustaining 
biodiversity. Undisturbed communities allow for rare species, which often 
depend on specific habitat requirements. Rare species and unique natural 
communities are often good biological indicators of significant areas and 
ecological function. Termed “Endangered Resources, ” such resources indicate 
where particularly significant or vulnerable ecological areas exist. The 
presence of one or more rare species and natural communities is an indication 
of ecosystem health and importance. Such areas should prompt attention 
directed toward species conservation, management, and restoration needs. 

The WDNR Bureau of Endangered Resources (BER) maintains the Wisconsin Natural 
Heritage Inventory (NHI), a statewide database representing the known 
occurrences of rare species and natural communities. Map 37 shows generalized 
occurrences of endangered resources in the Stoughton FUDA study area. This 
information is confidential and is not subject to Wisconsin’s open records 
law. While publication of the species’ locations cannot be made to resource 
managers, the NHI can determine the likely occurrence of rare species in 
areas affected by development or other land management activities. This 
information can be incorporated into development designs. It is important to 
note the NHI is not a complete catalogue of the locations of the state’s rare 
species. Users must recognize that many areas of the state have not been 
inventoried, thus making distribution maps incomplete. Thus an “absence of 
evidence is not evidence of absence, ” nor does the presence of one 
occurrence imply that other occurrences have been surveyed for but not found.

The typical screening review procedure entails querying the database for a 
particular area. The results list any know known occurrences in the search 
area and one mile buffer (two miles for aquatic species). If a known 
occurrence is found within the search area or buffer, then the search area is 
evaluated whether the habitat representing that particular species or 
community is present. If not, the species is not likely to exist. If it is, a 
field survey may be warranted to assess the suitability of the habitat and 
whether or not individual species may be present. Surveys are typically 
conducted during the season when the species can be most easily found and 
identified.

Since occurrences are generally site specific, the following information can 
be used as a guide in determining whether or not suitable habitat may exist 
in a particular area. If so, a more detailed review should be conducted by 
knowledgeable professionals and, depending on the occurrence, BER staff 
should be consulted for any specific actions that should be taken. Finding a 
threatened or endangered species doesn’t necessarily mean that development 
cannot occur. Rather, prescribed management practices are available to avoid 
impact. Note that destruction of habitat is not an illegal activity, only 
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taking or otherwise killing individual Threatened or Endangered species. The 
preferred approach, however, is to avoid habitat loss altogether. 
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Species listed in the NHI are categorized as one of the following:

1. Threatened: Any species which appears likely, within the foreseeable 
future, on the basis of scientific evidence to become “Endangered. ”

2. Endangered: Any species whose continued existence as a viable component 
of the state’s wild animals or wild plants is determined by the WDNR to 
be in jeopardy on the basis of scientific evidence.

3. Special Concern: Any species whose population is suspected to be 
declining, but scientific evidence is insufficient to justify this 
assertion. Species of Special Concern could become threatened in time. 

4. Natural Community: An identifiable assemblage of plant, fungal, and 
animal species living together in a particular area. The NHI Program 
tracks examples of Wisconsin’s natural communities that are deemed 
significant because of their undisturbed condition, size, or for other 
reasons.

A screening review conducted by RPC staff identified endangered resource 
species shown in Table 10. These species have the potential to occur in the 
FUDA study area if appropriate habitat exists. More detailed information 
concerning these species can be obtained from the WDNR Bureau of Endangered 
Resources reference site at: 
http://dnr.wi.gov/topic/endangeredresources/biodiversity.html

Occurrences are site specific. CARPC staff should be consulted early on in 

Table 10
Endangered Resources in the Stoughton FUDA Planning Area

Endangered Threatened Special Concern Natural Communities

Birds Reptiles Mammals Emergent Marsh
Barn Owl Blanding’s Turtle Prairie Vole Lake—Shallow, Hard, 

Seepage
Fish Plants Birds
Striped Shiner Prairie Indian Plantain Black-Crowned Night Heron
Plants Prairie Milkweed Fish
Wild Hyacinth Snowy Campion Lake Sturgeon

Sticky False Asphodel Reptiles
Wooly Milkweed Plains Gartersnake

Plants
Azure Bluets
Earleaf Foxglove
Prairie False Dandelion
Purple Meadow Parsnip
Sycamore

Source: WDNR Natural Heritage Inventory Database (2/2013)
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the planning process with regard to specific plans and sites, and potential 
mitigation measures that may be needed. Where there is the possibility or 
likelihood that an endangered resource may be present, an Endangered 
Resources Review by WDNR may be necessary. The CARPC Restoration Ecologist 
can provide more current assessment, recommendations, and assistance 
especially during the more detailed and technical design work associated with 
particular development scenarios, plans, or projects.

F. Wildlife Resources and Biodiversity
While the importance of the protection of water resources from human 
activities such as agriculture and urban development is obvious, it is often 
less apparent that the terrestrial areas surrounding surface waters also 
serve as “core habitats ” for many semi-aquatic species that depend on both 
aquatic and terrestrial environments to fulfill their life-cycle requirements 
(e.g., feeding, mating, nesting, and over-wintering). These in turn serve as 
food for higher level organisms and the circle of life continues. Scientists 
sometimes identify certain species as “ umbrella species ” in the hopes of 
saving a whole range of animals and plants in a given area and thereby 
maintaining overall biologic health and diversity (biodiversity). The idea is 
that by protecting an important umbrella species and preserving its habitat, 
various other species that depend on the same habit will also be protected.

Amphibians and reptiles (known collectively as herptiles) represent a crucial 
link between aquatic and land ecosystems. Herptiles play particularly 
important roles in food webs because they occupy a middle position as both 
predator and prey, and also because they constitute an enormous amount of the 

Figure 20
Trophic pyramids of numbers, biomass, and energy for a forest, a shallow pond, and an “old field.”

Credit: John A. Keslick, Jr.
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biomass in some aquatic and riparian ecosystems (see Figure 20). Development 
activities that cut too deeply into the base of these trophic pyramids can 
destabilize these systems, leading to diminished productivity, negative 
effects that cascade upwards to higher predators leading to potential 
ecosystem collapse.

Semlitsch and Bodie (2003) summarized literature on the use of core 
terrestrial habitats by amphibians and reptiles essential for carrying out 
their life-history functions (see Table 11). Using the minimum mean group 
(salamanders) provides a good reference point for establishing a minimum 
wildlife protection program. If the distances salamanders move from wetlands 

are assumed to be normally distributed, then by definition the mean for 
adults of all salamander species combined represents a distance encompassing 
50% of the population. Furthermore, a core habitat encompassing the majority 
of the population (95% confidence limit) would encompass a terrestrial 
habitat of 540 ft from a wetland edge (Semlisch 1997). This distance 
encompasses the minimum distances for nearly all herptile species in Table 
11, except snakes and frogs (specifically) which are typically more motile.

Semlitsch proposed stratified criteria that would include at least three 
terrestrial zones adjacent to core aquatic wetland habitats (see Figure 21):

 
1. Aquatic Buffer – starting from the wetland edge, a first terrestrial 

zone would be restricted from use and designed to buffer the core 
aquatic habitat and protect water resources (100-200 ft.)

2. Core Habitat – a second terrestrial zone, overlapping the first, would 

Table 11
Mean minimum and maximum core terrestrial habitat for amphibians and reptiles 
(Distance from wetland edges)

Group Mean minimum (ft) Mean maximum (ft)

Frogs 672 1207

Salamanders 384 715

Amphibians 522 951

Snakes 551 997

Turtles 403 941

Reptiles 417 948

Herptiles 466 948

Semlitsch and Bodie 2003
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encompass the core terrestrial habitat defined by the semi-aquatic 
focal-group (e.g., 540 ft. for salamanders, as above);

3. Terrestrial Buffer – a third zone, starting from the outward edge of 
the second zone, would buffer the core terrestrial habitat from edge 
effects and surrounding land use practices (e.g. 50 m or 160 ft.). 

Streams in Wisconsin are used less than ponds and wetlands for 
amphibian breeding, unless they possess similar amphibian breeding 
conditions; i.e., quiet water outside the stream channel or quiet backwaters 
(Hay 2008). A 300-foot buffer on both sides of the stream is recommended.

These areas are not intended to be restrictive to development or represent 
“ no-build ” zones. Instead, these areas are intended to highlight ecological 
connectivity and stewardship opportunities (e.g., open space and wildlife 
movement corridors, biofuels, community supported agriculture, etc.). More
specifically, because of their critical nature and position in the landscape, 
these areas offer both unique constraints and opportunities that need to be 
considered early on in the community’s overall development and resource 
protection plans.

Stream corridors provide extremely valuable habitat as well as critical 
connecting corridors for a wide variety of wildlife species. Areas 
surrounding wetlands and ponds are also rich habitat areas. According to the 
Wisconsin WDNR Bureau of Endangered Resources (BER), 90% of the occurrences 
of threatened and endangered species in Dane County are located within 300 
feet of streams and 700 feet of wetlands or small ponds. The presence or 
likelihood of endangered species being present are themselves an indicator of 
the importance and potential ecological health and diversity these areas can 
support.

Researchers have also reported positive correlations between forest cover and 
amphibian and reptile populations in wetlands. These studies suggest the need 
to link terrestrial forest habitats adjacent to wetlands to sustain amphibian 
and reptile species. Map 38 shows a simple habitat classification based on
the coincidence of two or more resource features (streams, wetlands, hydric 
soils, floodplains, and forestlands), including core habitat and wildlife 
corridors described above. It is probably not too surprising that core 
physical and biological components are mutually coincident. In many cases 
these areas could be improved or enhanced by management activities that allow 
the land revert back to a more natural condition (passive restoration), or by 
more active management practices such as active restoration of farmed 
wetlands, prairie restoration, and riparian re-vegetation.
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Figure 21
Zones of Protection for Semi-Aquatic Species

Source: Semlitsch 2001 and 2003
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The overall conservation objective should be to direct development away from 
sensitive and critical resource areas. If that is not possible, it should be 
incumbent on planners to design developments to provide equal or greater 
natural resource protection. This may be accomplished by advanced 
conservation design techniques, restoration of other areas, or other means 
based on the type of development, site characteristics, opportunities, and 
options available. 

A resource-based approach to ecosystem management has proven to be a 
successful and comprehensive approach to resource conservation. A resource-
based approach focuses on landscape patterns, manages these natural resource 
elements to collectively influence species assemblages in a positive 
direction. We should strive to limit the degree of isolation between existing 
habitat patches and optimize natural connectivity to allow for the dispersal 
and re-colonization of sensitive native species among patches. This goal is 
attainable by establishing habitat corridors, maintaining landscape 
attributes  (e.g., patch size, shape, edge, etc.), and connecting “stepping 
stone patches ” where possible.

In general, most natural resource objectives can be accomplished within a 
corridor width of 300 feet from the edge of a stream or good quality wetland 
and 700 feet from the edge of an exceptional wetland or small pond that is 
greater than two acres with quality upland habitat nearby. Where there are
groups of small wetlands, they should also be combined. 

In circumstances where a 300 foot buffer may be considered burdensome for a 
community, there are alternatives that will allow for natural resources 
protection, create habitat, and produce a tradable commodity. For example, 
research into biodiversity and ecosystem functioning theory developed by 
David Tilman of the University of Minnesota suggests that planting high 
diversity tallgrass prairies may be a source for biofuels. When compared to 
other biofuel sources, tallgrass prairies are a more efficient source than 
either corn ethanol or soybean biodiesel. These prairies produce 51% more 
energy per acre than other crops. Planting tallgrass prairies for biofuels 
also serve as better alternatives for low fertility soils than other crops 
intended for the same purpose, as they will have higher stand biomass. This 
resource may be collected using standard farming equipment and practices, and 
be regenerated every year, leading to a renewable resource. By potentially 
changing wider riparian areas to biofuel producing tallgrass prairies, 
communities may be able to promote multi-resource objectives. The limitations 
of this method will be the size of the converted area, historical landscape 
coverage, ability to conduct controlled burns that will not endanger 
infrastructure, and the ability of heavy machinery to access these locations. 
If the converted area is too small, it may not be economically viable to 
extract this resource. An experiment funded by the State of Minnesota and the 
United States Geological Survey is near completion at the Cedar Creek 
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Ecosystem Science Reserve testing the relationship between biofuel production 
and water quality. The results of this project will contribute greatly to 
implementation in local communities.

Biofuel production can also be derived from other species within protective 
buffers and highly degraded areas. There are many instances when invasive 
reed canary grass can be found in proposed buffer areas. When restoration of 
wetlands and riparia with this invasive cannot be performed, either because 
it is too costly or the prospects of a successful restoration are untenable, 
it is possible to use this plant as a biofuel source. In a technical report, 
Dr. Gregory Zimmerman of Lake Superior State University performed an 
experiment to determine the caloric content of pelletized reed canary grass.
He discovered that reed canary grass, when burned, has the energy content 
equal to other burned plant material (~ 8000 BTU/lb). He noted that a one
acre stand of reed canary grass, once pelletized, has the productivity equal 
to 266 gallons of propane. In economic terms, if the same amount of propane 
was used for heating, it would cost approximately $670. Dr. Gregory states 
these pellets contain 32x the energy required to harvest and process this 
invasive, and the gains outweigh the cost to process. Pelletized reed canary 
grass may be a cost-sharing biofuel solution for local communities to help 
offset some heating costs11. 

Ecological Restoration 
Ecological restoration of natural resource areas may be necessary to maintain 
ecological functions and the services they provide, and to maintain our 
natural heritage for future generations. Designs for ecological restoration 
projects need to be tailored to each specific site, but share the following 
general characteristics and guidelines:

Comparatively, conservation and management of natural resource areas are 
far less expensive than attempting ecological restoration.

If a restoration is to be successful, the causal factor leading to the 
ecosystem’s degradation must be identified and removed or abated. If 
not, then a restoration project will not maintain cohesion, structure 
and emergent function and will be degraded again after restoration 
activities.

When performing restoration, it is often not possible to restore or create 
an ecosystem that is an exact copy of a natural or idealized ecosystem 
state.

11 Lake Superior University News Article: 
http://www.lssu.edu/whats_new/articles.php?articleid=1816 

114  Stoughton Area FUDA Study  |  February 2014 



Restoration of physical attributes within an ecosystem will not always 
result in positive biotic responses and will not always lead to the 
return of all species.

Restoration will take time to mature. Depending upon the ecosystem, it may 
take a few years or several decades before restoration is mature. 
Successful restoration needs monitoring to determine if additional 
corrections are required.

Restoration of ecosystems is complicated and not as easily manipulated as 
human engineered systems. It may not be possible to control for all 
aspects within a restoration project.

Each restoration project will have its own unique challenges and specific 
approaches will be required to resolve those problems. Using a standard 
repeated approach (cook-book), without considering site specific 
problems, will likely not result in successful restorations. 

The ultimate goal of restoration is to create a self-organizing and self-
sustaining system that no longer requires active human intervention. 
There may be instances when a complete restoration is not possible and 
long term management will be required to maintain ecosystems.

Continually spending large sums of money, time and other resources will 
not solve ecological problems. Nor will waiting for advances in science 
and technology resolve degraded ecosystems. Application of current 
restoration methods is required now to preserve our quality of life and 
improve it for future generations.

Prairie Restoration
Prairie restoration is very much a site specific endeavor considering there 
are few prairies and oak savannas remaining in southern Wisconsin. The 
remaining prairies in southern Wisconsin have likely been preserved because 
soil depth to bedrock was too shallow, making these locations not conducive 
to farming. Restoration of grasslands and prairies will have positive 
benefits other than creating habitat for wildlife. Prairie roots promote 
rainwater penetration, reduce overland runoff and help to recharge 
groundwater.

As with other restoration projects, the development of a guiding image or 
ideal target community structure is important for developing a defined 
restoration goal. According to Packard (2005) there are six approaches to 
selecting a restoration goal: (1) Restore the original vegetation, (2) 
Restore the community now best expressed by the site, (3) Restore the rarest 
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or highest priority community that is practicable, (4) Restore a variety of 
communities, (5) Restore as large as possible given site limits and (6) 
Restore the highest priority, best and easiest mix of communities possible 
for the site based on expert opinion. 

To preserve and restore these natural areas, the most important 
considerations is the reintroduction of fire regimes. Fire is a major 
regulating natural event for grassland, prairie, and savanna ecosystems. The 
lack of fire in these ecosystems, itself, may be considered a disturbance. 
Without these events, grassland, prairie, and oak savanna communities will 
inevitably change in composition to include fire-intolerant (e.g., 
brush/woody) species. The application of fires will remove these intolerant 
species and allow these native plants a competitive advantage. As fire 
regimes cease, the competitive advantage is given to non-prairie species. As 
these other species become established, they change the ecosystem properties 
and displace native species.

With many ecosystems, maintaining large areas is preferential to having 
smaller patches. Larger prairies are ecologically important for larger 
species, including prairie chickens, but are also deemed important for 
specific rare insects  and the consumable plants for their larval stages.  As 
prairies are one of the most endangered ecosystems in North America 
maintaining prairies, both small and larger will be beneficial. In some 
instances, maintaining prairies that are less than one thousand square feet 
may yield up to sixty different plant species and be habitat for countless 
insects and several bird species. It has been proposed that in an urban 
setting, that if one-tenth of lawns were to be replaced by “ postage stamp ” 
prairies, there would be a sizable reduction in the use of water, 
fertilizers, pesticides, and reduced need to use powered lawnmowers.

There are four major prairies for this study area, they are found: (1) north 
of Wetland Unit C; (2) east of Wetland Unit D; (3) the northern edge of the 
Bad Fish Creek Wildlife Area; (4) surrounding Wetland Unit F and lands 
towards Island Lake.  

The first prairie is found directly north of Wetland Unit C, and is bisected 
by Co HWY A and has Collins Rd. as its eastern boundary.  This is the largest 
prairie within the Stoughton FUDA study, covering over 67 acres, and is 
adjacent to three important ecological regions; Wetland Unit C, several open 
ponds to the west, and is close to Connectivity Region 2.  Interviews with 
local homeowners indicate this prairie was established after agriculture was 
abandoned.  The size, geometry, and position within the landscape, make this 
location ideal for preservation and provide adequate space for area dependent 
wildlife.  This site is also large enough to support various management 
regimes; with prescribed burns occurring at different sites and locations 
between years.  This variable management can foster greater biodiversity 
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gains, and be an even greater attractant to wildlife.

The second large prairie is approximately 18 acres, and is found immediately 
east of Grass Lake of Dunkirk (Wetland Unit D).  This site serves as natural 
landscaping for the homeowner.  This prairie appears to be well managed, and 
have a variety of wildflowers.  This site should be preserved as it provides 
greater habitat variation for Grass Lake.  Increases in habitat diversity is 
an important driver in maintaining wildlife biodiversity.

The third prairie, which is an important habitat for local wildlife is Bad 
Fish Creek Wildlife Area.  Although this site is found outside of the FUDA 
study boundary, management practices within it may influence nearby 
developments.  There is a very extensive grassland prairie that extends 
across much of the northern boundary of this Wildlife Area.  To effectively 
manage it requires the use of annual prescribed burns.  Local communities 
should consider this if they intend to construct residences nearby.  This 
will be especially true if the residence will house persons with health 
conditions or other special needs; including retirement communities, nursing 
homes, or hospices.

The fourth prairie area is found nearest Wetland Unit F.  This area is 
comprised of 4 smaller prairie areas, all of which are government 
conservation lands administered by either the Wisconsin Department of Natural 
Resources or the U.S. Fish and Wildlife service.  Collectively, these 
prairies cover over 150 acres.  These prairies are highly valuable as they 
provide additional habitat support to both terrestrial and semi-aquatic 
species in Wetland Unit F.  Little information is available regarding their 
current management regimes.  However, these areas are starting to exhibit 
encroachment by woody shrub species.  Once prairies have shrub coverage 
exceeding 10 percent, then it may no longer be preferable habitat to prairie 
songbird species.
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G. Parks and Open Space
Dane County plays a special role in the partnership among federal, state, and 
local units of government and private groups in meeting the outdoor 
recreational needs of residents and visitors. The Dane County Parks and Open 
Space Plan defines this role and recommends how Dane County can work as a 
partner with other governmental units and the private sector. Adoption of the 
Plan and acceptance by WDNR enables the county to participate in state and 
federal outdoor recreation grant programs. The Plan indicates various Natural 
Resource Areas, existing and proposed land and water trails, recreational 
parks, and forests, as the focus of these efforts in the study area (see Maps 
39, 40, and 41), including:

Badfish Creek Natural Resource Area

La Follette County Park

Viking County Park

U.S. Fish and Wildlife properties

It is critically important that future land use plans consider and 
incorporate regional elements into development designs. Dane County Parks 
staff should be consulted early on in development planning to promote 
opportunities, coordination, and avoid incompatible or potentially 
conflicting proposals.  

It should be noted that park and purchased conservation areas adversely 
impact town revenues and add to the cost of maintenance by the responsible
park entity. Acquisition considerations for these areas should include 
revenue sharing measures or approaches to compensate the affected town for 
this loss of revenue, and to create programs that allow private ownership of 
buffer areas for agricultural uses that produce income while maintaining 
ecosystem services of a more natural land cover. 
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H. Natural Resource Impacts from Urban 
Development

Dane County is the second-largest metropolitan area and one of the fastest-
growing counties in the state. By year 2030 almost 580,000 people are 
expected to reside in Dane County – an increase of almost 36% over current 
population. This urban growth and development must be properly planned and 
managed to mitigate the adverse impacts of urban development to protect the 
quality of our groundwater and surface water resources, the wildlife 
communities they support, and our everyday quality of life. 

1. Hydrologic Impacts (Water Quantity and Quality)
One of the most obvious manifestations of watershed development is the 
increase in impervious surfaces in the urban landscape. Urbanization reduces 
natural ground cover, replacing it with streets, rooftops, driveways, and 
parking lots. Figure 22 shows the progression of impervious surface area and 
the changes in the hydrologic regime if development progresses without 
mitigation. Compared to other areas of the state and the U.S., watershed 
impervious cover ranges between 0-40% in Dane County.12 Because of compaction 
during the development process, turf and landscape areas can also affect the 
total runoff from built areas, unless this compaction is corrected through 
mitigation practices such as deep tilling and soil augmentation.

Figure 23 shows typical pre-development and post-development hydrographs for 
a watershed that is being developed for urban land uses without any 
mitigation practices. As development progresses the stream hydrology changes 
from a more gradual and subdued groundwater-dominated system (solid line) to 
one dominated more and more by flashier surface water impacts (dashed line). 
The area below the hydrographs represents the volume of rainfall runoff. The 
increased peak flow and runoff volume resulting from development is 
significant because of the increased pollutant loading it can carry, as well 
as potential flooding and channel erosion problems it can cause downstream. 
In addition, as infiltration of precipitation is reduced by increased 
impervious cover, the volume of water available for baseflow in streams is 
similarly reduced. Infiltration and groundwater recharge of precipitation and 
subsequent discharge to streams and wetlands is critical in sustaining them 
during dry weather periods. 

Urban land use without appropriate management practices can severely degrade 
aquatic ecosystems in various ways (see Table 12). Increased peak flows and 
runoff volumes increase the erosive force of the channel flows and can 

12 Dane County Regional Planning Commission. 2005. Dane County Water Body Classification Study Phase I.
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significantly upset the streambed and bank stability and the sediment load 
equilibrium that has established itself over time. Increased volumes and 
rates of runoff overload natural drainage systems that have adapted 
themselves to pre-development conditions. As the frequency of bankfull events 
increases with urbanization, the stream attempts to enlarge its  cross 
section to reach a new equilibrium associated with the increased flows. 
Greater frequencies and durations of higher stormflows can result in channel 
incision, stream bank undercutting, increased stream bank erosion, sediment 
loading and transport along the streambed (Figure 24).

The results are wider, straighter, sediment-choked streams, greater water 
temperature fluctuations, as well as loss of riparian cover, shoreland, and 
aquatic habitat. The streambed is covered by sand and silt; and pollutant 
loading of other constituents (e.g., toxic materials, metals, and organics) 
is also increased. Research shows that by the time the water quality impacts 
become evident, the stream ecosystem has already largely been damaged by the 
water quantity impacts.

The significance of hydrologic changes and pollutant loading associated with 
urban development that lacks mitigation practices is clear: strategies that 

Figure 22
Hydrologic Effects of Urban Development and Impervious Cover

Source: The Importance of Imperviousness (Schueler 1994)
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maintain pre-development runoff volumes and mimic more natural flow 
conditions will reduce the frequencies of larger and more erosive flows 
resulting from that development. Also, since pollutant loading is a function 
of flow, it stands to reason that reducing the volume of runoff will result 
in reduced pollutant loads as well. This is in addition to conventional 
practices that capture and treat the “first flush ” of pollutants during 
runoff events. Overall, it is much easier to incorporate hydrologic 
protection measures early in the design before an area becomes developed than 
to address the problem after development.
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Source: Fundamentals of Urban Runoff Management (Shaver et. al., 2007)

Table 12 
Summary of the Potential Impacts of Urbanization on Aquatic Ecosystems
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Communities in our region have been working to mitigate these potential 
hydrologic impacts of urban development for over a decade. In the late 1980s 
the then Dane County Regional Planning Commission began requiring new urban 
service areas to provide peak runoff rate control to pre-development levels 
and to remove sediment from stormwater runoff. Similar standards were adopted 
by Dane County and the State of Wisconsin in 2002. Infiltration requirements 
and volume control conditions were pioneered by the Dane County Regional 
Planning Commission in the mid 1990s. Infiltration requirements and volume 
control standards were adopted as part of the county-wide stormwater 
ordinance in 2004, and the standards for commercial areas were improved in 
2011.

The Village of DeForest in the headwaters of the Yahara River has adopted an 
ordinance requiring a 100% pre-development stormwater volume control and 
groundwater recharge standard that is more stringent than that in NR 151 and 
Dane County Chapter 14. The challenge is in finding retrofit opportunities in 
existing development. The Village has spent substantial funds in recent years 
to upgrade and retrofit its stormwater management facilities and to improve 
water quality and has committed to fund future restoration and conservation 
activities. Municipalities in the Stoughton FUDA are advised to follow 
DeForest’s lead. 

When properly planned, designed, constructed, and maintained, these standards 
and the management practices implemented to meet them can effectively 

Figure 23
Changes in Stream Hydrology as a Result of Urbanization

Source: Fundamentals of Urban Runoff Management (Shaver et. al., 2007)
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mitigate the potential hydrologic impacts of new urban development. The 
primary sources of impacts to our water resources are agricultural nonpoint 
source pollution and urban nonpoint source pollution from development that 
was constructed before these standards were put in place.   

2. Habitat Loss and Landscape Connectivity
Habitat loss or fragmentation is the process whereby contiguous natural areas 
are reduced in size and separated into discrete parcels due to land 
conversion for other uses, such as urban development or agricultural 
production. Because of the prime soils located here, agriculture has had a 
significant impact on wildlife habitat in Dane County. Due to draining and 
cropping practices over the last century, most remnant habitats can usually 
only be found in areas that are either too wet, steep, or stony to be 
effectively farmed. Also, as is too often the case in Dane County, where 
farmland has gained a toehold development is often apt to follow. That leaves 
relatively few areas in the county that have not already been farmed or 
developed. When habitat is destroyed, a patchwork of habitat fragments 
remains. These habitats are often isolated from one another, which impairs 

Figure 23
Changes in Stream Channel Geomorphology Due to Urbanization

Source: Fundamentals of Urban Runoff Management (Shaver et. al., 2007)
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the flow of organisms and energy among them, resulting in species losses, 
reduced biodiversity and habitat complexity, increased competition and 
susceptibility to invasive species, and higher local extinction rates. These 
remnant areas require protection, network re-connection and enhancement where 
possible.
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Planning Considerations:

Establish Environmental Corridor widths to provide habitat needs of 
present species.

Provide continuous corridors to provide habitat connectivity 

Figure 25 shows the probability of a local species population being 
extirpated increases as habitat patch size decreases (right side of the 

diagram). Conversely, a larger patch generally supports a larger population 
size for a given species, making it less likely that the species will go 
locally extinct (left side of the diagram). Species viability and diversity 
are also enhanced by well-connected habitats. This is because small, isolated 
reserves are unlikely to maintain viable populations over the long-term. 
Wildlife Corridors are therefore recommended as a conservation measure to 
help counter the negative effects of habitat, loss, fragmentation, and patch 
isolation (see Figure 26). According to Diamond (1975) and Noss (1997), 
landscape designs for maintaining habitat preserves should be based on the 
following principles (Figure 27):  

Larger habitat patches with large populations are better than small 
patches with smaller populations

Contiguous patches are better than fragmented patches

Closer patches are better than distant patches 

Patches that are mutually equidistant are better than patches which are 
distributed linearly

Connectivity of patches is better than isolated patches

Patches with higher area to perimeter ratios are better than long, thin 
patches 

Species that are well distributed across a landscape have lower extinction 
risk

Stable populations fare better than fluctuating populations

Peripheral populations perform poorly relative to core populations.

As the landscape is being considered for habitat, it is important to note
that not all patches are always occupied by regional species. Also, patches 
within the landscape vary in species content, with higher quality habit 
likely containing sensitive species. Due to ecological activities and natural 
changes in population demography, a species may become locally extinct. 
Maintaining a series of patches within a landscape is necessary for prey 
species to elude predators, refuge from contagious diseases and parasites, 
and providing re-colonization opportunities.
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In general, most natural resource objectives can be accomplished within a 
corridor of 300 feet from the edge of a stream and 700 feet from the edge of 
an exceptional wetland or small pond (shown on Map 42). This is the area 
where community stewardship activities will have the greatest beneficial 
effect. For example, this is the area suggested by leading ecologists for 
providing core habitat and a protective buffer for semi-aquatic amphibians 
and reptiles, which serve as umbrella species. By protecting the needs of 
umbrella species, other associated species are likewise protected. Semi-
aquatic species require both aquatic and terrestrial environments to fulfill 
their full life-cycle needs (e.g., breeding, hibernation, food, cover, etc.). 
Since amphibians and reptiles reside solidly in the middle of the food web as 
both predators and prey, protecting core habitat for these umbrella species 
protects food, cover, and habitat for other associated species as well (i.e., 
other birds, mammals, fish, insects, and plants).

The Stoughton FUDA study area has some of the best connected natural 
resources surveyed in Dane County to date.  There are multiple opportunities 
to retain connectivity throughout the landscape.  The first region, 
Connectivity Region 1 is found between Wetland Unit A and Wetland Unit B.  
This area already has a series of 4 woodlands that form natural stepping 
stones between these conservation areas.  Further, the shape of the woodland 
elements is linear and should help to channel animal movement along them, 
through their interior space.  The utility of Connectivity Region 1 is 
strengthened further by the presence of small ponds to the west.  To enhance 
Connectivity Region 1, additional lands could be purchased to create a single 
continuous corridor with natural vegetation.

Connectivity Region 2 is found further south.  This region already has a 
continuous corridor of natural vegetation that links Wetland Unit B to 
Wetland Unit C.  Communities are advised to retain at least 100 m (330 ft) of 
this continuous corridor.

The area is Connectivity Region 3.  This is found in the north-eastern 
portion of the study area and is east of Wetland Unit A.  Retention of these 
element will permit greater connectivity to natural resources to the east of 
Stoughton.  Many of these patches are woodlands that have topographic 
elements that may not make them entirely suitable for development.
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Figure 25
Patch Size and Local Extinction

The probability of a local species going extinct increases with decreasing habitat patch size. A larger patch generally supports a 
larger population size for a given species than a smaller patch, making it less likely that the species will go locally extinct in 
the larger patch.

Source: Environmental Law Institute 2003
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Figure 26
Wildlife Corridors

Habitat connectivity can be increased by the protection of stepping stone patches or by the establishment of a corridor.

Source: Environmental Law Institute 2003
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Figure 27
Design of Preservation Systems
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I. Urban Development Strategies to Maintain and 
Improve Natural Resource Integrity

Various strategies have been presented below. These strategies can be 
implemented to minimize long-term impacts in a watershed undergoing 
urbanization. 

1. Approach local issues from a regional watershed perspective 
Watersheds and other natural features are not defined by political 
boundaries. Development impacts in one jurisdiction often spill over into 
other parts of the watershed. Planning at a watershed level is essential for 
streams and water bodies. Assessing the impact of each development, and the 
cumulative impact of development on a watershed scale is essential from a 
long-term hydrologic perspective. Criteria that balance high impact land uses 
such as residential, commercial, and industrial development with low impact 
land uses such as forests, wetlands, and grasslands are useful tools in the 
hands of regional and community land use planners and practitioners. Such 
criteria can be used to protect sensitive land uses such as wetlands, 
floodplains, woodlands, and the wildlife that depend on them, while also 
accommodating economic development that is important for the region.

2. Direct development away from sensitive natural areas to 
better suited areas 
Large naturally vegetated reserves surrounding our valuable water resources 
improves water quality by acting as a buffer and filtering out sediments and 
runoff that would otherwise enter these waters directly. Furthermore, acting 
as a sponge, these areas promote greater infiltration of the water into the 
ground, reducing runoff volumes and velocities, and concentrations of 
pollutants as the water that seeps through the ground is naturally filtered 
and released much more gradually. Natural resource reserves are particularly 
important as core habitat for wildlife. They also add to the natural scenic 
beauty of the landscape and provide an open space balance for the developed 
areas, increasing property values, outdoor recreation opportunities, and 
quality of life for residents and visitors alike.

3. Increase the efficient use of land resources through compact 
development patterns and optimizing the use of current
urban areas through infill and re-development 

The premature spreading out of urban land uses onto rural and other land 
areas is often inefficient and unnecessarily wasteful. Urban land uses moving 
out onto less-expensive land farther out from urban city centers do not 
typically account for the additional public costs or inefficiencies of 
providing the necessary infrastructure and services to serve that development 
(sewer, water, transportation, police, fire, etc.). After several decades of 
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study in other areas around the country, it is apparent that unplanned or 
premature development imposes significant short-term and long-term costs on 
local governments, businesses, property owners, developers, as well as the 
environment.
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4. Allow land use density transfers 
Density transfers and TDRs can also be used in watershed planning. Density 
transfers allow developers and land owners to achieve the same overall 
density, therefore the same economic benefit, but concentrate the development 
in less sensitive portions of the site or the area. While overall density of 
the development is the same, it is concentrated in areas more suitable for 
it, thereby protecting more sensitive areas. Larger scale TDR programs 
provide a funding mechanism to compensate landowners located in sensitive 
“ sending areas, ” directing the development potential of their land to more 
suitable “receiving areas. ” Landowners, developers, and the general public 
reap significant benefits by more efficient economic development activity.

5. Incorporate natural features into development design and 
apply conservation design principles 

Incorporating the existing natural features of the site into the design of a 
development, rather than clearing the site completely and starting anew, 
reduces the impact that the development has on the natural state of a 
watershed. Encouraging conservation design principles in the layout for a new 
development is very effective in preserving the natural state of a watershed.
Rather than the traditional individual plots and set back style, a clustered 
development with large passive open spaces is very effective. In many cases, 
clustered development leads to a dramatic cut in the cost of providing 
utilities and services – especially those related to transportation and 
imperviousness – as well as the significant and irreversible costs of natural 
resources depletion and impact which can be avoided.

6. Consider the long-term impacts when selecting a site 
Because the amount of runoff generated by different land uses is a function 
of the hydrologic soil type and the land use, locating land uses based on the 
hydrologic soil type can in some cases significantly reduce the long-term 
impact of the development. For example, locating land uses that generate 
large amounts of clean rooftop runoff (e.g., commercial development) near 
soils that have naturally or potentially high infiltration rates can help 
reduce the hydrologic impact of the land use change.

7. Minimize impervious areas in design
Limiting road widths, parking spaces and other impervious surfaces to a 
minimum reduces their water quality and quantity impacts. Paying attention to 
design details and materials used in construction can add up. Using more 
permeable materials allows more water to seep into the ground. By looking 
into the design details that can be modified to minimize imperviousness, a 
great deal of success can be achieved. For example, utilizing a compact 
development pattern to reduce road lengths, minimizing overall disturbance of 
the natural features of the area, and reducing pavement and incorporating 
more greenspace are just some of the factors that can be considered.
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8. Slow stormwater that runs off of the impervious areas and 
encourage infiltration

Stormwater basins and constructed wetlands reduce the risk of increased
flooding due to increases in stormwater runoff rates. These basins retain 
stormwater and release it more gradually over a longer time period. 
Stormwater basins can be designed to be aesthetically pleasing and can 
potentially be used as the focus for open space or recreational facilities on 
a site. They can also be used for economic benefit by developers and realtors 
as many people enjoy living near water and are willing to pay higher prices 
for such plots. While stormwater basins are important for reducing peak 
flows, they do not solve the problem of increased runoff volumes due to 
development. An effective way to increase the amount of water that 
infiltrates into the ground instead of becoming runoff is by implementing 
effective infiltration control practices and measures. There is a wide 
variety of mitigation strategies to choose from depending on the 
characteristics of the site.

9. Reduce Pollution Sources on all surfaces 
The amounts of pollutants that get into stormwater can be reduced or 
prevented through good management practices at the source. Proper disposal of 
pet waste and reducing the use of fertilizers and pesticides in lawns, 
gardens, and other good “housekeeping ”  practices can significantly reduce 
the nutrients and chemicals in urban runoff.
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