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Geomorphic Habitat Response Units for Urban Stream 
Rehabilitation, Milwaukee, Wisconsin

By Faith A. Fitzpatrick, Shelby P. Sterner, James D. Blount, and Jana S. Stewart

Abstract

Urban stream rehabilitation plans can benefit from 
knowledge of the landscape setting and vegetative 
communities that were adjacent to streams prior to 
urbanization. Downstream to upstream connections of these 
characteristics can be relevant for native migratory fish species 
that have a range of preferred spawning habitats. Based on a 
need for more quantitative data on these potential connections, 
the U.S. Geological Survey assembled geomorphic 
characteristics, surficial geology, and pre-Euro-American 
settlement vegetation for 333 kilometers of stream segments 
in the Kinnickinnic River and Menomonee River subbasins 
of the Milwaukee River, Wisconsin. Channel slopes ranged 
from less than 0.3 percent to greater than 2 percent, covering 
at least two channel morphology and bedform types spanning 
low-energy irregular and pool-riffle complexes. Postglacial 
surficial geology ranged from coarse-grained outwash sand 
and gravel to lacustrine silt and clay, allowing for a range 
of stream substrate sizes. Presettlement riparian vegetation 
was mainly forest, including forested uplands, forested 
lowlands, and to a lesser extent, conifer-dominated wetlands 
in headwaters. This resulting framework of geomorphic 
habitat response units can be used for habitat rehabilitation 
projects for migratory native fish in other urban Great Lakes 
tributaries.

Plain Language Summary

The U.S. Geological Survey intersected stream 
network geomorphic characteristics with maps of original 
pre-Euro-American settlement vegetation, surficial geology, 
and land-use attributes for the Kinnickinnic River and 
Menomonee River subbasins of the Milwaukee River Basin 
in eastern Wisconsin. The resulting framework of geomorphic 
habitat response units can be used for planning, designing, 
and evaluating ongoing and future native fish passage and 
spawning habitat rehabilitation projects in other urban areas 
where concrete-lined channels are being replaced with more 
natural counterparts.

Introduction
Geomorphic and physical habitat characteristics 

along stream corridor networks have frequently been 
classified for environmental and ecological assessments, 
characterizing nutrient sources, identifying fluvial hazard 
zones, and assessing and prioritizing aquatic and riparian 
habitat rehabilitation needs (Thoms and Sheldon, 2002; 
Lindenschmidt and Long, 2012; Buffington and Montgomery, 
2013; Rinaldi and others, 2013; Roux and others, 2015; 
Martínez-Fernández and others, 2018). These network-based 
classifications typically encompass the nested hierarchical 
nature of physical habitat and ecosystem function 
characteristics and geoecological associations along stream 
networks driven by hydrologic processes and the connectivity 
of sediment sources, transport, and deposition (Frissell and 
others, 1986; Petts, 1996; Fitzpatrick and others, 1998; 
Brierley and Fryirs, 2005; Wohl and others, 2018, 2024). 
The data resolution and scale needed to assemble these 
characteristics may come from various sources, from broad, 
basinwide geospatial analyses of stream networks based on 
digital elevation models overlayed with thematic maps to 
visual observations of aerial photographs along segments 
over several kilometers and field-based data collections along 
reaches that span between 100 and 300 meters (m) in length.

In the Great Lakes region, spatial frameworks for 
hierarchical, geographic information system (GIS) based 
habitat classification on a basin scale were developed 
by McKenna and Castiglione (2010) and McKenna and 
others (2015). Their framework for classifying riverine 
aquatic species assemblages and prioritizing protection 
and rehabilitation of rare and common habitat types 
included valley segments over several kilometers and reach 
scales. The integration of riparian vegetation into stream 
hydrogeomorphology assessments has become increasingly 
important for its role in providing essential context for 
understanding hydrology and sediment characterizations 
at multiple spatial scales (González del Tánago and others, 
2021). At a basin scale, riparian vegetation may be related 
to basin geomorphology and surficial geology (Engelhardt 
and others, 2012). Reach-scale geomorphic classification 
schemes may include descriptions of stream order and 
channel dimensions, geomorphic processes, channel sinuosity 
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and morphology, channel bedforms and bed stability, and 
connections between channels and floodplains (Rosgen, 1994; 
Thorne, 1998; Brierley and Fryirs, 2005; Harman and others, 
2012; Buffington and Montgomery, 2013). Brierley and 
Fryirs (2005) define the reach scale as being characterized by 
recognizable patterns of channel and floodplain landforms and 
their linkages to hydrogeomorphic process zones. Australian 
rivers, for example, were grouped into hydrogeomorphic zones 
of confined, armored, mobile, meandering, and anastomosing 
based on channel planform, bedforms, sediment size and 
mobility, and floodplain characteristics (Thoms and Sheldon, 
2002). Montgomery and Buffington’s (1998) reach-based 
classification of mountain streams, which focused on bedforms 
and channel continuity, recognized physical-based functional 
zones manifested as identifiable bedform types that could 
be expected along a longitudinal gradient of slope (energy) 
and sediment size as one proceeds from steep headwaters to 
lowland river mouths.

For Great Lakes tributaries in young, postglacial 
landscapes, a geomorphic classification scheme was developed 
for the Duluth, Minnesota, area that used a combination of 
stream size, channel slope, landforms, and an adaptation of 
bedform types from Montgomery and Buffington (1998) 
to characterize sediment connectivity and sensitivity to 
geomorphic change associated with changes in runoff 
and extreme floods (Fitzpatrick and others, 2006, 2016). 
The diversity of postglacial landforms in the Great Lakes 
Basin and geologically young drainage networks (roughly 
10,000–14,000 years old) affects the distribution of channel 
slopes and associated channel bedforms. The adaptation 
of bedform types was needed in the Duluth area to include 
relatively flat and gentle sloped (less than 0.3 percent) 
headwaters draining wetlands with no adjacent hillslopes 
and relatively steep and short midbasin main stem reaches 
with eroding valley side walls. The headwater wetland 
channels lack recognizable bedforms and typically have peat 
or fine-grained substrates, have low banks with cohesive 
soils, and are usually surrounded by and connected to 
riparian wetlands. Many of the headwater wetland channels 
were artificially created and (or) historically ditched and 
straightened. Adjacent wetland vegetation may range from 
wet prairies to floodplain forests (Eggers and Reed, 1997). 
Some wetlands (and the channels that drain them) may be 
groundwater fed with plant communities associated with 
fens and coniferous swamps (Eggers and Reed, 1997). The 
dynamic combination of stream geomorphology with lateral 
and longitudinal hydrologic connectivity provides a wealth of 
habitat heterogeneity that leads to healthy and diverse stream 
ecosystems (Ward and Stanford, 1995; Wang and others, 2006; 
McKenna and others, 2015).

Multiagency stream rehabilitation efforts for Great Lakes 
streams are largely driven by removing barriers for native and 
nonnative migratory fish species and recreating or protecting 
spawning habitat (National Oceanic and Atmospheric 
Administration, 2023). Urban tributaries to Lake Michigan in 
the Milwaukee, Wisconsin, area are no exception, and several 

kilometers of concrete-lined channels have been replaced with 
more naturalized channels and floodplains with native riparian 
vegetation (Great Lakes Interagency Task Force, 2014). 
Rehabilitation efforts include protection and reintroduction 
of native species, including fish, insects, and vegetation. 
Even partial rehabilitation can support native plants and 
wildlife (U.S. Army Corps of Engineers, 2000). Linking 
potential geomorphic characteristics with riparian vegetation 
is informative and a prerequisite for rehabilitation planning, 
especially since native fish species have different requirements 
for refuge, spawning, and rearing. For example, Esox lucius 
(northern pike) like shallow marshy banks for spawning, 
whereas Acipenser fulvescens (lake sturgeon) prefer rocky 
areas along river banks (Priegel and Krohn, 1975; Fago, 1977; 
Dehring and Krueger, 2008; Mecozzi, 2008). These examples 
illustrate how slope and channel bedform types can inform 
rehabilitation planning.

Purpose and Scope

The goal of this study was to summarize the development 
of a stream-network-based framework by the U.S. Geological 
Survey for describing and classifying stream geomorphic 
characteristics with surrounding glacial setting and 
presettlement vegetation into geomorphic habitat response 
units (GHRUs) for the Menomonee and Kinnickinnic Rivers in 
the Milwaukee Metropolitan Sewerage District’s Watercourse 
Corridor Study in Milwaukee, Wis., for rehabilitation planning 
(fig. 1). The purpose of the report is to (1) describe the 
methods used in developing the framework, and (2) provide 
examples from five subbasins within the Menomonee and the 
Kinnickinnic Rivers. The scope of the report includes detailed 
geographic coverage of these subbasins and an analysis of the 
habitat response units developed within the context of current 
rehabilitation efforts. This approach adapts methods from the 
U.S. Army Corps of Engineers for quantifying habitat types 
for stream mitigation design projects (U.S. Army Corps of 
Engineers and Northwest Habitat Institute, 2013). The GHRUs 
are similar in size to the sectors outlined by Frissell and others 
(1986). Smith (2016) developed a pilot demonstration of the 
framework for the Kinnickinnic River.

Study Area

The study area encompasses the Menomonee and 
Kinnickinnic River Basins, which are in the larger Milwaukee 
River Basin and Lake Michigan Basin. Both river basins are 
in the Southern Lake Michigan Coastal Ecological Landscape 
(Cleland and others, 1997) and have glacial deposits of mainly 
silt-clay till with hummocky topography in and between 
moraines (Richmond and others, 1983; Rawling and others, 
2025). A minor part of sandy gravel and mixed sandy deposits 
associated with outwash plains and fans is found in the upper 
Menomonee River Basin.
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Figure 1.  Map showing location and 2010 land use of the Menomonee and Kinnickinnic River Basins in the Milwaukee Metropolitan 
Sewerage District’s (MMSD’s) planning area. The Menomonee River Basin includes the upper Menomonee River, Little Menomonee 
River, lower Menomonee River, Underwood Creek, and Honey Creek. Kinnickinnic River Basin includes the Kinnickinnic River. 
Commercial land use also includes industrial land use (Southeastern Wisconsin Regional Planning Commission [SEWRPC], 2013).
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The Menomonee and Kinnickinnic River Basins 
are dominated by urban land use, including residential, 
commercial (including industrial), and transportation 
(fig. 1). The Menomonee River Basin has a drainage area 
of 350 square kilometers and has agricultural land in its 
headwaters that transitions to more urban downstream (17 and 
68 percent, respectively), whereas the Kinnickinnic River, 
with a drainage area of 50 square kilometers, is predominantly 
urban (98 percent) (Jin and others, 2019).

Historically, the rivers have been channelized, diverted, 
lined with concrete, and moved underground (Southeastern 
Wisconsin Regional Planning Commission, 2010). Both basins 
have concrete removal projects to rehabilitate streams and 
improve fish passage and aquatic and riparian habitat (Fincher, 
2016; Bergquist, 2019). Concrete removal projects are in 
the lower Menomonee River, Underwood Creek, and Honey 
Creek subbasins of the Menomonee River Basin and the 
Kinnickinnic River (fig. 1).

Methods
The geomorphic and habitat framework and resulting 

GIS layers encompass stream geomorphic characteristics 
and current land use, as well as original pre-Euro-American 
settlement vegetation and postglacial geologic setting. The 
GIS layers are available through a U.S. Geological Survey 
data release (Sterner and others, 2023). Datasets were 
assembled using Esri ArcGIS Pro version 3.0 (Esri, 2022). The 
basic GHRUs were derived from a combination of channel 
slope and stream order. The stream-network categorization 
used segments from the Wisconsin Department of Natural 
Resources (DNR) 1:24,000-scale hydrography dataset 
(Wisconsin Department of Natural Resources, 2007). Minor 
edits were applied to the flow lines in the Underwood Creek 
main stem where a straight concrete reach had been replaced 
with a meandering stretch. The DNR flow lines were broken 
into segments using the DNR stream junctions. Stream order 
(Strahler, 1957) and length were assigned to each segment.

For channel slope calculations, the altitudes of the 
starting and ending points of each segment were obtained from 
an overlay of the two sets of light detection and ranging (lidar) 
data from Milwaukee and Waukesha Counties (Milwaukee 

County, 2010; Waukesha County, 2012). The altitude at the 
downstream point was subtracted from the altitude of the 
upstream point and divided by the segment length to obtain the 
channel slope. In some cases, the segment was underground, 
so an accurate endpoint altitude was not available. The 
segment length that was used in the calculation was measured 
only where the channel was visible in aerial photographs. If 
the entire segment was underground, then it was flagged and 
given a slope category of −1. Slopes that were calculated 
across a flat-water surface, detention pond, or wetland were 
given a slope category of 0. All other calculated slopes were 
classified by their percentage value into four categories of 
less than 0.3 percent, 0.3–1.0 percent, 1.0–2.0 percent, and 
greater than 2 percent, following categories used in Fitzpatrick 
and others (2006) for geomorphic classification of Duluth, 
Minn., streams.

Slope measurements for segments crossing county 
lines were confounded by having two lidar datasets that 
had different horizontal and vertical datums. Milwaukee 
County was measured in the North American Datum of 1927 
and National Geodetic Vertical Datum of 1929, whereas 
Waukesha County was measured in North American Datum 
of 1983, National Adjustment Project of 2011, and North 
American Vertical Datum of 1988. A horizontal projection 
transformation was run on the Milwaukee lidar dataset to 
match the Waukesha lidar dataset (Milwaukee County, 2010; 
Waukesha County, 2012). Channel slopes included in a 
value-added dataset compiled by the Wisconsin DNR for the 
1:24,000-scale flow network were considered (Wisconsin 
Department of Natural Resources, 2024); however, slopes 
based on the higher resolution county lidar data were preferred 
over the 10-m digital elevation model data used in the 
Wisconsin DNR layer.

For riparian characterization, a 30-m (60-m total width) 
buffer was applied to the stream segments using a buffer tool 
in the GIS with no dissolve option. Datasets included original 
(pre-Euro-American settlement) vegetation types (Wisconsin 
Department of Natural Resources, 1990), 2010 land use 
(Southeastern Wisconsin Regional Planning Commission, 
2013), and surficial geology (Richmond and others, 1983). A 
dominant class field was created and assigned to the segment 
based on the attribute with the highest percentage in the 
riparian buffers (Sterner and others, 2023).
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Geomorphic Habitat Response Units
Segment-scale GHRUs were defined for 333 kilometers 

of the Menomonee River and Kinnickinnic River Basins 
by geomorphic setting (stream order and slope), land 
use, surficial geology, and presettlement vegetation. The 
Menomonee River had 439 GHRUs encompassing 87 percent 
of the stream-network length, and the Kinnickinnic River 
had 46 GHRUs over 13 percent of the stream-network 
length. The stream segments from the GHRUs ranged in 
length from 46 to 4,911 m. Results were summarized and 
mapped for the five subbasins of the Menomonee River 
Basin—upper (North Branch) Menomonee River, Little 
Menomonee River, Underwood Creek, Honey Creek, and 
lower Menomonee River—and the Kinnickinnic River Basin 
(tables 1, 2, 3, 4, 5, and 6; figs. 1, 2, and 3; Sterner and others, 
2023). Some general highlights are described in this section 
for the distribution and interaction of geomorphic setting, 
surficial geology, presettlement vegetation, and current land 
use. The GHRUs can be used for finding connectivity with 
potentially different riparian and aquatic habitat combinations 
and for spatial context along with more detailed reach-scale 
geomorphic and habitat assessments that were previously 
completed (Southeastern Wisconsin Regional Planning 
Commission, 2010).

The relatively large spatial extent of the five subbasins 
of the Menomonee River allowed for more varied segment 
characteristics than the Kinnickinnic River, even though both 
rivers are stream order 4 (tables 1, 2, 3, 4, 5, and 6). The 
distribution of channel slopes varied among stream orders in 
the Menomonee and Kinnickinnic River basins, with gentle 
sloped segments in the headwaters (stream orders 1 and 2) 
and the main stems (stream orders 3 and 4). About 30 percent 
of the total stream length was in headwaters with less than 
0.3-percent slopes. All four slope categories were represented 
in the Menomonee River Basin, but the Kinnickinnic River 
Basin did not have any streams with slopes greater than 
2 percent (tables 1, 2, 3, 4, 5, and 6). The upper Menomonee 
River subbasin streams with slopes greater than 2 percent were 
in its headwaters and main stem with a mix of current land use 
and presettlement mixed forest.

The slope categories help to describe expected bedforms, 
sediment size, and planform. For example, headwater 
segments with slopes less than 0.3 percent would be expected 
to have relatively flat surficial geology settings near wetlands 
with a close connection to a local or regional groundwater 
table, slow currents, minimal bedforms, fine-grained silt/clay/
organic substrate, and perhaps low vegetated banks, especially 
if the flows are driven more from groundwater discharge than 
floods (Jurmu, 2002; Fitzpatrick and others, 2006; Kolka and 
Thompson, 2007). Segments with slopes in the 1–2-percent 
category would be expected to have more undulating glacial 
landforms or be in an alluvial valley and have relatively faster 
currents, mixed fine- and coarse-grained substrates, pool-riffle 
bedforms, and meandering planforms (Montgomery and 
Buffington, 1998; Fitzpatrick and others, 2006). The upper 

end of the 0.3–1-percent slope category spans where riffles 
may begin to appear, given that there may be shorter, steeper 
sections within the segments.

The headwater streams in the upper Menomonee River 
subbasin with slopes greater than 2 percent were mainly in 
clayey till, outwash sand and gravel, and sandy loamy till 
surficial deposits (fig. 2). Like the upper Menomonee River 
Basin, Underwood Creek also had a mix of streams with 
clayey till, sandy loamy till surficial deposits, and outwash 
sand and gravel but with more gentle slopes. The Little 
Menomonee River, lower Menomonee River, Honey Creek, 
and Kinnickinnic River subbasins were in clayey till and lake 
clay and silt with a range of slopes less than 2 percent.

In addition to slope, the surficial deposits intersected by 
the stream segments indicate available substrate sizes and 
also help to describe the likelihood of a source for gravel 
to support spawning riffles and the groundwater discharge 
or springs (fig. 2). All four surficial deposit categories were 
in the Menomonee River Basin, but the Kinnickinnic River 
Basin only had fine-grained deposits of clayey till and lake 
clay and silt (tables 1, 2, 3, 4, 5, and 6, fig. 2; Richmond and 
others, 1983). Considering the relatively coarse resolution 
of 1:1,000,000 for the surficial geology dataset compared 
to 1:24:000 for hydrography, outwash sand and gravel 
generally were located along most of Underwood Creek 
and the downstream part of the upper Menomonee River 
(Richmond and others, 1983). Some of the steeper tributaries 
are located along the southwestern and western edges of the 
upper Menomonee River Basin near the outwash sand and 
gravel. The two till units in the area may also have a gravel 
component, especially the sandy loamy till. The border of the 
lake clay and silt unit bounded by paleo shorelines also has the 
potential for more gravel and larger sizes including boulder 
zones not mapped (fig. 2). Additionally, streams in outwash 
might have more groundwater contributions and higher base 
flow (continuous flow between runoff events) than those in 
clayey till and lake clay and silt. Only 6 percent of channels 
were headwater channels with slopes greater than 2 percent, 
and these were mainly in the northern and western parts of 
the upper Menomonee River subbasin, likely on end moraines 
where the postglacial landscape is relatively steep. Channels 
with slopes greater than 2 percent may have had step pool 
bedform complexes prior to urbanization, especially if there 
was abundant large wood (Montgomery and Buffington, 1998; 
Fitzpatrick and others, 2006).

The overlay of the channel slopes with the presettlement 
vegetation cover gives an indication of the diversity of natural 
and potential rehabilitation of riparian habitats across the 
subbasins (fig. 3; Wisconsin Department of Natural Resources, 
1990). The resolution of the original vegetation mapping 
is 1:500,000; thus, the map may not depict smaller areas of 
riparian wetlands that likely offered important habitats for 
resident and migrant species. Some generalities can be made 
while keeping this limitation in mind. Much of the upland 
areas consisted of a southern forest mix of sugar maple, 
basswood, red oak, white oak, and black oak with some beech 
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Table 1.  Geomorphic habitat response unit characteristics for the upper Menomonee River subbasin of the Menomonee River. Slope categories are in percent (Strahler, 1957; 
Richmond and others, 1983; Wisconsin Department of Natural Resources, 1990; Southeastern Wisconsin Regional Planning Commission, 2013).

[%, percent; <, less than; >, greater than; km, kilometer; --, no data]

Subbasin characteristic
Total 

length

Geomorphic habitat response units

Stream order 1–2 Stream order 3 Stream order 4

Channel slope, in % Channel slope, in % Channel slope, in %

<0.3 0.3–1.0 1.0–2.0 >2.0 <0.3 0.3–1.0 1.0–2.0 >2.0 <0.3 0.3–1.0 1.0–2.0 >2.0

Stream network (km) 159.5 45.2 40.9 22.5 13.0 11.0 3.6 -- -- 18.6 3.5 0.4 0.7
2010 land use

Agricultural 9.1 0.6 3.0 4.7 0.8 -- -- -- -- -- -- -- --
Commercial/industrial 0.8 0.6 0.2 -- -- -- -- -- -- -- -- -- --
Natural/open land 20.4 4.2 4.3 4.7 2.2 1.9 -- -- -- 2.0 0.8 0.3 --
Residential 22.8 0.9 7.9 6.9 7.2 -- -- -- -- -- -- -- --
Transportation 5.6 1.5 2.7 -- 1.2 -- -- -- -- -- 0.3 -- --
Water 3.9 2.3 -- -- 0.1 0.1 -- -- -- 0.8 0.6 -- --
Wetlands 96.8 35.2 22.8 6.2 1.5 9.0 3.6 -- -- 15.8 1.8 0.1 0.7

Surficial geology

Clayey till 81.6 21.9 21.7 11.6 9.9 4.7 -- -- -- 9.7 1.8 0.4 --
Lake clay and silt -- -- -- -- -- -- -- -- -- -- -- -- --
Outwash sand and gravel 12.1 1.0 0.1 1.3 2.6 1.7 3.2 -- -- 2.1 0.1 -- --
Sandy loamy till 65.8 22.3 19.2 9.6 0.5 4.6 0.4 -- -- 6.9 1.6 -- 0.7

Presettlement vegetation

Beech, sugar maple  
mixed forest

79.6 26.3 26.2 9.5 4.3 1.3 0.4 -- -- 9.9 1.0 0.1 0.7

Lowland hardwoods -- -- -- -- -- -- -- -- -- -- -- -- --
Marsh and lowland shrubs -- -- -- -- -- -- -- -- -- -- -- -- --
Sugar maple, basswood  

mixed forest
51.4 2.7 10.2 11.7 8.6 6.4 3.2 -- -- 6.2 2.0 0.3 --

Swamp conifers 28.5 16.2 4.6 1.2 0.1 3.3 -- -- -- 2.5 0.5 -- --
Water -- -- -- -- -- -- -- -- -- -- -- -- --
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Table 2.  Geomorphic habitat response unit characteristics for the Little Menomonee River subbasin of the Menomonee River. Slope categories are in percent (Strahler, 1957; 
Richmond and others, 1983; Wisconsin Department of Natural Resources, 1990; Southeastern Wisconsin Regional Planning Commission, 2013).

[%, percent; <, less than; >, greater than; km, kilometer; --, no data]

Subbasin characteristic
Total 

length

Geomorphic habitat response units

Stream order 1–2 Stream order 3 Stream order 4

Channel slope, in % Channel slope, in % Channel slope, in %

<0.3 0.3–1.0 1.0–2.0 >2.0 <0.3 0.3–1.0 1.0–2.0 >2.0 <0.3 0.3–1.0 1.0–2.0 >2.0

Stream network (km) 45.9 9.7 15.8 8.7 -- 10.4 1.4 -- -- -- -- -- --
2010 land use

Agricultural 9.8 0.6 4.2 5.0 -- -- -- -- -- -- -- -- --
Commercial/industrial -- -- -- -- -- -- -- -- -- -- -- -- --
Natural/open land 6.7 2.2 2.3 2.2 -- -- -- -- -- -- -- -- --
Residential 1.0 0.0 1.0 -- -- -- -- -- -- -- -- -- --
Transportation 0.1 0.1 -- -- -- -- -- -- -- -- -- -- --

Water 0.6 -- -- -- -- 0.5 0.1 -- -- -- -- -- --
Wetlands 27.7 6.8 8.3 1.5 -- 9.9 1.3 -- -- -- -- -- --

Surficial geology

Clayey till 45.9 9.7 15.8 8.7 -- 10.4 1.4 -- -- -- -- -- --
Lake clay and silt -- -- -- -- -- -- -- -- -- -- -- -- --
Outwash sand and gravel -- -- -- -- -- -- -- -- -- -- -- -- --
Sandy loamy till -- -- -- -- -- -- -- -- -- -- -- -- --

Presettlement vegetation

Beech, sugar maple  
mixed forest

23.8 5.7 10.6 6.4 -- 1.1 0.0 -- -- -- -- -- --

Lowland hardwoods -- -- -- -- -- -- -- -- -- -- -- -- --
Marsh and lowland shrubs -- -- -- -- -- -- -- -- -- -- -- -- --
Sugar maple, basswood  

mixed forest
20.5 2.3 5.2 2.3 -- 9.3 1.4 -- -- -- -- -- --

Swamp conifers 1.6 1.6 -- -- -- -- -- -- -- -- -- -- --
Water -- -- -- -- -- -- -- -- -- -- -- -- --
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Table 3.  Geomorphic habitat response unit characteristics for the lower Menomonee River subbasin of the Menomonee River. Slope categories are in percent (Strahler, 1957; 
Richmond and others, 1983; Wisconsin Department of Natural Resources, 1990; Southeastern Wisconsin Regional Planning Commission, 2013).

[%, percent; <, less than; >, greater than; km, kilometer; --, no data]

Subbasin characteristic
Total 

length

Geomorphic habitat response units

Stream order 1–2 Stream order 3 Stream order 4

Channel slope, in % Channel slope, in % Channel slope, in %

<0.3 0.3–1.0 1.0–2.0 >2.0 <0.3 0.3–1.0 1.0–2.0 >2.0 <0.3 0.3–1.0 1.0–2.0 >2.0

Stream network (km) 28.2 3.5 2.4 1.7 0.2 -- -- -- -- 15.4 4.9 -- --
2010 land use

Agricultural -- -- -- -- -- -- -- -- -- -- -- -- --
Commercial/industrial 0.6 0.6 -- -- -- -- -- -- -- -- -- -- --
Natural/open land 6.9 0.3 0.8 0.8 0.2 -- -- -- -- -- 4.9 -- --
Residential -- -- -- -- -- -- -- -- -- -- -- -- --
Transportation 2.4 -- 1.6 0.8 -- -- -- -- -- -- -- -- --
Water 11.2 2.5 -- -- -- -- -- -- -- 8.7 -- -- --
Wetlands 7.0 0.1 -- 0.2 -- -- -- -- -- 6.7 -- -- --

Surficial geology

Clayey till 13.2 2.1 2.4 1.7 0.2 -- -- -- -- 6.7 -- -- --
Lake clay and silt 15.0 1.4 -- -- -- -- -- -- -- 8.7 4.9 -- --
Outwash sand and gravel -- -- -- -- -- -- -- -- -- -- -- -- --
Sandy loamy till -- -- -- -- -- -- -- -- -- -- -- -- --

Presettlement vegetation

Beech, sugar maple  
mixed forest

-- -- -- -- -- -- -- -- -- -- -- -- --

Lowland hardwoods -- -- -- -- -- -- -- -- -- -- -- -- --
Marsh and lowland shrubs 5.2 -- -- -- -- -- -- -- -- 5.2 -- -- --
Sugar maple, basswood  

mixed forest
22.1 2.7 2.4 1.7 0.2 -- -- -- -- 10.2 4.9 -- --

Swamp conifers -- -- -- -- -- -- -- -- -- -- -- -- --
Water 1.0 0.8 -- -- -- -- -- -- -- 0.1 -- -- --
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Table 4.  Geomorphic habitat response unit characteristics for the Underwood Creek subbasin of the Menomonee River. Slope categories are in percent (Strahler, 1957; 
Richmond and others, 1983; Wisconsin Department of Natural Resources, 1990; Southeastern Wisconsin Regional Planning Commission, 2013).

[%, percent; <, less than; >, greater than; km, kilometer; --, no data]

Subbasin characteristic
Total 

length

Geomorphic habitat response units

Stream order 1–2 Stream order 3 Stream order 4

Channel slope, in % Channel slope, in % Channel slope, in %

<0.3 0.3–1.0 1.0–2.0 >2.0 <0.3 0.3–1.0 1.0–2.0 >2.0 <0.3 0.3–1.0 1.0–2.0 >2.0

Stream network (km) 37.5 16.0 3.1 3.9 0.8 7.4 5.2 1.0 0.2 -- -- -- --
2010 land use

Agricultural 0.7 0.7 -- -- -- -- -- -- -- -- -- -- --
Commercial/industrial 1.1 0.1 -- -- -- 1.0 -- -- -- -- -- -- --
Natural/open land 10.0 3.3 1.7 -- -- 2.0 2.9 -- -- -- -- -- --
Residential 5.5 2.1 -- 1.6 0.8 0.0 -- 1.0 -- -- -- -- --
Transportation 3.1 1.1 0.6 0.1 -- 1.1 -- -- 0.2 -- -- -- --
Water 0.6 0.3 -- -- -- 0.3 -- -- -- -- -- -- --
Wetlands 16.7 8.4 0.7 2.3 -- 3.0 2.3 -- -- -- -- -- --

Surficial geology

Clayey till 18.6 5.6 1.5 3.9 0.8 3.1 2.6 1.0 0.2 -- -- -- --
Lake clay and silt -- -- -- -- -- -- -- -- -- -- -- -- --
Outwash sand and gravel 10.8 4.4 0.9 0.1 -- 2.8 2.6 -- -- -- -- -- --
Sandy loamy till 8.1 6.0 0.6 0.0 -- 1.5 0.0 -- -- -- -- -- --

Presettlement vegetation

Beech, sugar maple  
mixed forest

-- -- -- -- -- -- -- -- -- -- -- -- --

Lowland hardwoods 4.1 -- -- 0.1 0.5 2.6 1.0 -- -- -- -- -- --
Marsh and lowland shrubs -- -- -- -- -- -- -- -- -- -- -- -- --
Sugar maple, basswood  

mixed forest
29.7 12.6 2.7 3.9 0.2 4.8 4.2 1.0 0.2 -- -- -- --

Swamp conifers 3.7 3.4 0.3 -- -- -- -- -- -- -- -- -- --
Water -- -- -- -- -- -- -- -- -- -- -- -- --
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Table 5.  Geomorphic habitat response unit characteristics for the Honey Creek subbasin of the Menomonee River. Slope categories are in percent (Strahler, 1957; Richmond 
and others, 1983; Wisconsin Department of Natural Resources, 1990; Southeastern Wisconsin Regional Planning Commission, 2013).

[%, percent; <, less than; >, greater than; km, kilometer; --, no data]

Subbasin characteristic
Total 

length

Geomorphic habitat response units

Stream order 1–2 Stream order 3 Stream order 4

Channel slope, in % Channel slope, in % Channel slope, in %

<0.3 0.3–1.0 1.0–2.0 >2.0 <0.3 0.3–1.0 1.0–2.0 >2.0 <0.3 0.3–1.0 1.0–2.0 >2.0

Stream network (km) 17.0 9.3 6.0 1.7 -- -- -- -- -- -- -- -- --
2010 land use

Agricultural -- -- -- -- -- -- -- -- -- -- -- -- --
Commercial/industrial -- -- -- -- -- -- -- -- -- -- -- -- --
Natural/open land 9.9 6.9 2.8 0.2 -- -- -- -- -- -- -- -- --
Residential 4.7 2.2 1.1 1.5 -- -- -- -- -- -- -- -- --
Transportation 0.7 -- 0.7 -- -- -- -- -- -- -- -- -- --
Water 0.2 0.2 -- -- -- -- -- -- -- -- -- -- --
Wetlands 1.4 -- 1.4 -- -- -- -- -- -- -- -- -- --

Surficial geology

Clayey till 17.0 9.3 6.0 1.7 -- -- -- -- -- -- -- -- --
Lake clay and silt -- -- -- -- -- -- -- -- -- -- -- -- --
Outwash sand and gravel -- -- -- -- -- -- -- -- -- -- -- -- --
Sandy loamy till -- -- -- -- -- -- -- -- -- -- -- -- --

Presettlement vegetation

Beech, sugar maple  
mixed forest

-- -- -- -- -- -- -- -- -- -- -- -- --

Lowland hardwoods -- -- -- -- -- -- -- -- -- -- -- -- --
Marsh and lowland shrubs -- -- -- -- -- -- -- -- -- -- -- -- --
Sugar maple, basswood 

 mixed forest
17.0 9.3 6.0 1.7 -- -- -- -- -- -- -- -- --

Swamp conifers -- -- -- -- -- -- -- -- -- -- -- -- --
Water -- -- -- -- -- -- -- -- -- -- -- -- --
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Table 6.  Geomorphic habitat response unit characteristics for the Kinnickinnic River. Slope categories are in percent (Strahler, 1957; Richmond and others, 1983; Wisconsin 
Department of Natural Resources, 1990; Southeastern Wisconsin Regional Planning Commission, 2013).

[%, percent; <, less than; >, greater than; km, kilometer; --, no data]

Subbasin characteristic
Total 

length

Geomorphic habitat response units

Stream order 1–2 Stream order 3 Stream order 4

Channel slope, in % Channel slope, in % Channel slope, in %

<0.3 0.3–1.0 1.0–2.0 >2.0 <0.3 0.3–1.0 1.0–2.0 >2.0 <0.3 0.3–1.0 1.0–2.0 >2.0

Stream network (km) 45.0 11.4 9.0 10.4 -- 11.1 2.6 -- -- 0.5 -- -- --
2010 land use

Agricultural -- -- -- -- -- -- -- -- -- -- -- -- --
Commercial/industrial 0.5 -- -- 0.5 -- -- -- -- -- -- -- -- --
Natural/open land 17.1 2.8 0.8 5.1 -- 6.3 2.1 -- -- -- -- -- --
Residential 5.0 -- 3.1 1.9 -- -- -- -- -- -- -- -- --
Transportation 15.2 8.6 2.8 2.8 -- 0.4 0.5 -- -- -- -- -- --
Water 4.8 -- -- -- -- 4.3 -- -- -- 0.5 -- -- --
Wetlands 2.3 -- 2.3 -- -- -- -- -- -- -- -- -- --

Surficial geology

Clayey till 44.4 11.4 9.0 10.4 -- 11.1 2.6 -- -- -- -- -- --
Lake clay and silt 0.5 -- -- -- -- -- -- -- -- 0.5 -- -- --
Outwash sand and gravel -- -- -- -- -- -- -- -- -- -- -- -- --
Sandy loamy till -- -- -- -- -- -- -- -- -- -- -- -- --

Presettlement vegetation

Beech, sugar maple mixed 
forest

-- -- -- -- -- -- -- -- -- -- -- -- --

Lowland hardwoods -- -- -- -- -- -- -- -- -- -- -- -- --
Marsh and lowland shrubs 4.1 0.7 -- 0.5 -- 2.3 -- -- -- 0.5 -- -- --
Sugar maple, basswood mixed 

forest
37.3 10.7 9.0 9.8 -- 5.2 2.6 -- -- -- -- -- --

Swamp conifers -- -- -- -- -- -- -- -- -- -- -- -- --
Water 3.5 -- -- -- -- 3.5 -- -- -- -- -- -- --
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Figure 2.  Map showing distribution of channel slope relative to surficial geology (Richmond and others, 1983). [<, less than; >, greater 
than; MMSD, Milwaukee Metropolitan Sewerage District]
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Figure 3.  Map showing distribution of channel slope relative to original presettlement vegetation (Wisconsin Department of Natural 
Resources, 1990). [<, less than; >, greater than; MMSD, Milwaukee Metropolitan Sewerage District]
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in the upper and Little Menomonee River subbasins. All three 
wetland types (conifer swamp, lowland hardwoods, and marsh 
and lowland shrubs) mapped by Finley (1976) were in the 
study area. Pockets of the southern extent of conifer swamp 
(white cedar, black spruce, tamarack, and hemlock) and 
lowland hardwoods (willow, soft maple, box elder, ash, elm, 
cottonwood, and river birch) were near floodplains or poorly 
drained drainage divides such as between Honey Creek and 
the Kinnickinnic River. Marsh and lowland shrubs (marsh and 
sedge meadow, wet prairie, and lowland shrubs) were near the 
mouths of the Menomonee and Kinnickinnic Rivers and the 
headwaters of the Kinnickinnic River (fig. 3).

Added to the channel diversity are the potential riparian 
vegetation types that could be rehabilitated, reflected in the 
presettlement vegetation patterns (fig. 3, tables 1, 2, 3, 4, 5, 
and 6). For example, presettlement vegetation patterns include 
swamp conifers in the upper Menomonee River (18 percent), 
Little Menomonee River (3 percent), and Underwood 
Creek (10 percent) subbasins, mainly in headwaters with 
less than 0.3 percent channel slopes. Even though these 
subbasins currently have 45 to 61 percent of their channels 
with wetland vegetation (Southeastern Wisconsin Regional 
Planning Commission, 2013) they are missing a swamp 
conifer subtype that would be dominated by white cedar and 
tamarack in areas where the water table is close to the ground 
surface (Curtis, 1959). Marsh and lowland swamp were in 
the mouths of the Menomonee and Kinnickinnic Rivers, but 
the Kinnickinnic River also had a unique headwater marsh 
area near the present-day international airport (the large area 
of transportation shown in fig. 1). The Kinnickinnic River 
currently has very few riparian wetlands compared to the other 
subbasins. The extent of beech and sugar maple mixed forest 
was mainly through the headwaters of the upper Menomonee 
and Little Menomonee Rivers but absent to the south. Altered 
hydrology from impervious surfaces and the extended 
drainage network, including underground sections and storm 
sewers, and construction of extended inset floodplains and 
riparian wetlands, such as that along Underwood Creek, may 
affect the potential to reestablish presettlement vegetation. 
Current hydrologic conditions and available land for 
floodplain expansion for flood mitigation are likely important 
factors in future rehabilitation plans. Reestablishment of 
lowland hardwood vegetation may be limited to headwater 
locations where there is more space for floodwater to spread 
out without the possibility of flooding nearby infrastructure.

Summary and Conclusions
Because knowledge of the landscape setting and 

vegetative communities that were adjacent to streams prior 
to urbanization can benefit urban stream rehabilitation 
plans, the U.S. Geological Survey assembled geomorphic 
characteristics, surficial geology, and pre-Euro-American 
settlement vegetation for 333 kilometers of stream segments 
in the Kinnickinnic River and Menomonee River subbasins of 
the Milwaukee River to collect more quantitative data on these 
potential connections. Geomorphic habitat response units were 
defined for a combination of stream order and channel slope. 
The habitat response units were further characterized for the 
presettlement vegetation and surficial geology within each 
subbasin’s riparian zone.

The diverse range of channel slopes for headwaters 
and main stems in the Menomonee and Kinnickinnic River 
Basins span at least two channel bedform types and planform 
types, multiple sediment sizes and riparian vegetation 
communities that have benefits for a wide range of organisms 
from aquatic and riparian plants to terrestrial insects, benthic 
macroinvertebrates, spawning and rearing fish, and migrating 
waterfowl. These include channels with shallow, slow-moving 
currents with forested wetland or marsh vegetation along 
the banks and channels with pool-riffle bedforms with faster 
currents and gravel beds for spawning. Most of the basins are 
characterized by clayey surficial deposits, except for more 
coarse-grained deposits along Underwood Creek and the upper 
Menomonee River. Riparian zones offered a diverse mix of 
wetland types in headwaters, along main stems, and at the 
mouths of both basins. The presettlement vegetation cover 
maps indicated that most of the Menomonee and Kinnickinnic 
River Basins had forested riparian zones, including a mix 
of conifer swamps and lowland hardwoods. Additionally, 
the marsh/lowland shrub complex was at the mouths of the 
Menomonee and Kinnickinnic Rivers.

This spatially hierarchical framework helped to quantify 
the extent of lateral and longitudinal linkages between 
potential geomorphic and habitat features that were present 
before urbanization. These habitat features, including those 
for native migratory fish with different spawning constraints, 
can be designed within the physical limitations inherent in 
an urbanized basin’s altered hydrology, flood, and sediment 
regime. This framework could be useful for planning and 
managing rehabilitation plans for other Great Lakes tributaries 
that potentially include a similar range of bedform and channel 
types, as well as varied riparian vegetation.
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