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Overview
Since 2006, over 17,000 juvenile Lake Sturgeon (Acipenser fulvescens) have been released into the
Milwaukee River and Lake Michigan as part of the Riveredge Nature Center and the Wisconsin Department
of Natural Resources (WDNR) “Return the Sturgeon” reintroduction program. As the original cohort
reaches sexual maturity, adult Lake Sturgeon will soon begin to return to the Milwaukee River to spawn.
However, the quantity and quality of the current substrate available for successful spawning and nursery
habitat in the Milwaukee River has not been studied comprehensively, in part, due to the traditional timeintensive discrete sampling methodology. The Ozaukee County Planning and Parks Department
(Department) utilized side-scan sonar to classify over 14 miles of the Milwaukee River substrate in Ozaukee
County and refine a Lake Sturgeon habitat suitability index (HSI) (Daugherty et al. 2008). Sonar imagery
was translated to create detailed habitat maps that includes substrate classification, bathymetric mapping,
and associated Lake Sturgeon HSI scores. Knowledge of habitat quality will provide natural resource
organizations with vital information needed to consider potential Lake Sturgeon restoration projects prior
to the return of the 2006 Sturgeon cohort. This data will also assist in additional, future instream and
riparian management projects and spread awareness of the use of side-scan sonar as a cost-effective and
efficient technology for mapping benthic habitats.

Background
Lake Sturgeon (Acipenser fulvescens) are one of the Great Lakes basin’s oldest and largest indigenous
species. The population of this species was once in the millions within the Great Lakes Basin, but was
reduced to remnant populations by the 1920s from overharvest, habitat loss, and degradation. Furthermore,
construction of dams and other flood control measures (i.e. channelization, removal of riparian vegetation
for concrete lining or metal sheet piling) along the Milwaukee River in the 1900s prevented natural sturgeon
regeneration. Lake Sturgeon are potamodromous, periodic spawners, migrating from lake feeding grounds
upriver to spawn in the spring. Slow growth, age of sexual maturation, and natal spawning requirements
complicate rehabilitation efforts.
Sturgeon require a broad range of habitat throughout their life history. Migration from the lake environment
to tributary river spawning habitat occurs during spring when the fish reach sexual maturity, at the age of
14-20 for males and 18-26 for females (Becker 1983, Kerr et al. 2010). Male sturgeon typically move into
a spawning site 1-2 days prior to the arrival of the female, often “cruising” the substrate to find the ideal
location (Bruch and Binkowski 2002). Water temperature is the key environmental signal to initiate
migration and spawning; in the Winnebago, Wisconsin system, active spawning occurs between 8.8-21.1oC.
As lithophilic spawners, the optimal spawning and nursery habitat is clean rock and cobble substrate with
10-50 cm in diameter interstitial spaces in a reach where the water velocity is great enough to keep the
substrate and interstitial spaces free of debris and fines while aerating the incubating eggs (Becker 1983,
Bruch and Binkowski 2002, Kerr et al. 2010, Peterson et al. 2007). Lake Sturgeon spawn throughout both
day and night, with the female determining the duration of the event, and 2-8 males servicing a female. The
deposited eggs are scattered and adhere to the rocky substrate within the interstitial spaces where they
incubate 8-14 days (Bruch and Binkowski 2002, Peterson et al. 2007). The hatched larva will remain hidden
within the substrate for 13-19 days, until they are large enough to drift downstream to feed on larger prey;
this activity is triggered at a minimum water temperature of 16oC (Kerr et al. 2010, Peterson et al. 2007).
A male Lake Sturgeon is able to spawn every other year while the female spawns, on average, every four
years (Becker 1983, Kerr et al. 2010).
Water quality is an important factor to the successful spawning and rearing of Lake Sturgeon in the
Milwaukee River. Adults swim upstream to spawn late spring until early summer when water temperatures
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are approximately 12° to 16° C (Becker 1983). The eggs incubate for 8 day with high rates of hatching in
waters with dissolved oxygen levels greater than 7.5 mg/L and temperatures of 14° to 17°C (Yurovitskii
1964 in Kerr et al. 2011). Water temperatures above 21°C as well as supersaturated oxygen levels have
adverse and lethal effects on the developing embryo and newly hatched larvae (Wang et al. 1985 in Kerr et
al. 2011).
After absorption of the yolk sac, larval sturgeon require dissolved oxygen levels greater than 3.0 mg/L.
Optimal growth occurs when DO is approximately 7.0 mg/L. By mid-summer, the subadult fish may
migrate if the food source is scarce, typically to a region like a river bend. Carbon dioxide levels can
suppress the appetite and growth rate of the fish during this life stage if greater than 50 mg/L (Lozinov 1953
in Kerr et al. 2011).
Juvenile sturgeon are benthic feeders, consuming soft-bodied invertebrates such as chironomids,
amphipods, and caddisfly larva. Habitat preference is correlated with availability of prey, which is typically
found in a heterogeneous mix of silt, sand, gravel, and small cobble. As the seasons change from late
summer into fall and the water temperature declines, the diet of the juveniles shifts to that of a generalist
and the preferred habitat range widens. The fish then migrate from their nursery, riverine habitat into the
lake environment where they continue to grow (Caroffino et al. 2009, Kerr et al. 2010, Peterson et al. 2007,
USEPA 2004).
Restoration of Lake Sturgeon populations are heavily dependent upon the availability of suitable spawning
habitat. Rapid recovery of this species in the Lake Michigan and Milwaukee River system has not yet been
documented due to life history traits such as late sexual maturity, high mortality of juveniles with respect
to habitat degradation and changing weather patterns, and overfishing. With many juvenile and adult year
classes of Lake Sturgeon in a waterbody, it is possible that the population can become self-sustaining
(Peterson et al. 2007, Threader et al. 1998). Studies are needed to address existing knowledge gaps
regarding critical habitat requirements of life stages for spawning, nursery, juvenile, and adult forage areas
and respective migration corridors (Collier 2018, Threader et al. 1998).
Management actions focused on habitat rehabilitation and access to spawning habitat is essential for the
success of this species (Collier 2018, Hayes and Caroffino 2012). Identification, restoration, and protection
of instream habitat necessary for the life history of Lake Sturgeon will contribute to the success of natural
reproductive efforts. Mitigation of runoff through riparian habitat restoration would aid in preserving the
vital spawning habitat, while monitoring water quality parameters will assist in the understanding of “ideal”
abiotic conditions in each system. Additionally, removal or renovation of fish passage barriers to restore
habitat connectivity will promote migration of adult sturgeon up and downstream during spawning runs
and movement of young sturgeon down to the lake environment for maturation.

Review of Existing Efforts
In 2000, the Great Lakes Fisheries Trust (GLFT) sponsored a workshop to identify the necessary research
and assessment needed to rehabilitate Lake Sturgeon in the Great Lakes. This and subsequent funding
promoted new sturgeon research and rehabilitation projects across the Great Lakes region including the
development of a Lake Sturgeon HSI (Daugherty et al. 2008). Concurrently, the application of side-scan
sonar in lotic systems has recently been refined. Kaeser and Litts (2008) used side-scan sonar to rapidly
estimate deadhead logs and to classify and map substrate in the Flint River, Georgia. Kaeser and Litts were
able to classify sediment with an accuracy of 84%. Recent research includes an ongoing mapping of riverine
sturgeon habitat in the AuSable River (Brian Schmidt, USFWS) and a habitat mapping project of the
Milwaukee Harbor using side scan sonar techniques completed by UW-Milwaukee School of Freshwater
Sciences graduate Brennan Dow (2018).
4

The WDNR conducted a study from 2003 to 2006 (WDNR 2006) as part of the Lake Sturgeon Management
Plan to rehabilitate Lake Sturgeon in the Milwaukee River. Stocked fish with PIT tags were released in the
Milwaukee River and tracked to study life history attributes and migration patterns. Barriers to upstream
fish passage in the Milwaukee River were identified and many have been removed since the completion of
the study. Additionally, robust habitat assessments were conducted using the wadable stream monitoring
protocol developed by Simonson et al. (1993) to determine if the Milwaukee River had suitable reaches of
potential spawning and nursery habitat. Within Ozaukee County, habitat assessments were conducted at
County Line Road and Lakefield Road. County Line Road is considered a low gradient reach and scored a
58 out of 100 (which correlates to a qualitative rating of “good”). Lakefield Road is considered a mediumhigh gradient reach and scored a 65 out of 100 (“good”). Due to the low gradient of the County Line Road
reach, it was classified as staging/juvenile nursery habitat rather than spawning habitat. Results of the
WDNR study implied that, based upon available habitat features, the Milwaukee River could support a
natural reproducing population of Lake Sturgeon provided successful migration to upstream habitat. The
Lakefield Road reach was resurveyed by the Department and compared to the WDNR results in the “Habitat
Assessments” section of this report.
Adequate water quality is also necessary for successful spawning events. A detailed continuous and discrete
water quality monitoring project by the Department funded by a USEPA Great Lakes Restoration Initiative
grant (#GL-00E00607-0, Struck et al. 2015) occurred in 2011-2013 at Falls Road (43°18' 33.15", -87° 57'
6.12") downstream of the Grafton Wastewater Plant discharge, upstream of the northern end of Lime Kiln
Park and upstream of the former Lime Kiln Dam impoundment. This project provided preliminary baseline
data to establish spatial trends for nutrient and pathogen loading within the system during and/or
immediately after rain events (e.g., surface runoff). Details of the project are presented in the “Water
Quality” section of this report.
Beginning in 2006, Riveredge Nature Center, in partnership with the WDNR, has implemented the "Return
the Sturgeon" reintroduction project in alignment with Wisconsin's statewide Lake Sturgeon Management
Plan. This project includes the annual rearing and release of thousands of fingerling Lake Sturgeon into the
Milwaukee River and Lake Michigan Basin. Since the initiation of this project, the WDNR and Riveredge
Nature Center have released approximately 17,000 juvenile Sturgeon into the Milwaukee River. Adult male
Lake Sturgeon from the initial cohorts are beginning to reach sexual maturity and several have been
captured during WDNR monitoring efforts in the Milwaukee River, the most recent being 50 inches in
length and traced back to the 2007 class raised at Riveredge Nature Center (Smith 2021). In order to ensure
successful natural reproduction, it is imperative that spawning substrate and nursery habitat is both available
and accessible prior to the return of the sexually mature females.
Ozaukee County and its partners have removed or remediated several fish passage impediments,
reconnecting 31 main-stem river miles to aquatic organism passage between the Milwaukee River’s
confluence with Lake Michigan to the Bridge Street Dam in the Village of Grafton. These remediations
include large scale dam removals including the Lime Kiln Dam (river mile 30) in Grafton and a nature-like
fishway that bypasses the Mequon-Thiensville Dam in the City of Mequon and Village of Thiensville (river
mile 19) (Figure 1). However, it is unknown if remnant, accessible habitat will support a naturally
reproducing population as there is a lack of comprehensive Lake Sturgeon instream habitat suitability
information for the Milwaukee River. Successful, proactive sturgeon management requires knowledge of
existing (or lack of) high quality spawning and nursery habitat. A comprehensive habitat assessment in the
Milwaukee River Watershed along with refinement of the Lake Sturgeon HSI are the next logical steps to
ensure the success of ongoing and future rehabilitation projects.
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Figure 1. Location of habitat assessment stations and other points of interest on the Milwaukee River,
Ozaukee County.

6

Knowledge of habitat quality will provide natural resource organizations with vital information needed to
design and execute necessary habitat restoration projects prior to the return of the 2006 Lake Sturgeon
cohort. Comprehensive information collected through physical habitat assessments, comprehensive
mapping, and refinement and application of Lake Sturgeon HSI scores will allow for identification of
limiting factors that may limit or prevent Lake Sturgeon spawning in specific reaches of the Milwaukee
River. This knowledge and results (e.g., substrate and bathymetry mapping) can be used by natural
resources organizations to prioritize critical staging, spawning, and nursery habitat for further site
assessment and rehabilitation or restoration and make informed decisions regarding the design and
execution of instream and riparian habitat enhancement projects on the Milwaukee River.
Additionally, this project will spread awareness of the use of side-scan sonar as a cost-effective and efficient
technology to use in habitat mapping projects. As a relatively new technology, these results will be valuable
to agencies and organizations as they explore the uses of side-scan sonar. Additionally, the region will
benefit from having another organization with experience performing side-scan sonar surveys, as the
Department will be able to advise and collaborate with partners on future related habitat mapping projects.
Such long-term collaborative efforts are essential in the restoration of self-sustaining Lake Sturgeon
populations in Lake Michigan and the Great Lakes Basin.

Fish Passage Remediation Efforts
Several major impediments (dams) once blocked upstream passage of Lake Sturgeon in the Milwaukee
River, potentially both degrading high-quality spawning habitat and blocking access to upstream spawning
habitat within the Milwaukee River. Upstream migration is a critical part of the Lake Sturgeon life cycle.
Since 1990, several removal or remediation projects have addressed several of these major fish passage
impediments (Figure 2).
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Figure 2. Location of past and present fish passage projects on the Milwaukee River.

8

North Avenue Dam
The North Avenue Dam was built in 1835 at river mile 3, and was the first major dam on the Milwaukee
River. The North Avenue Dam was removed in 1990. The removal of the North Avenue Dam was critical
as its proximity to the mouth of the Milwaukee River prevented migratory access to most of the Milwaukee
River.

North Avenue Dam - Photo from Milwaukee Public
Museum

Site of former North Avenue Dam - WDNR

Estabrook Dam
The Estabrook Dam, which was originally constructed for recreational purposes in the 1930’s at river mile
6.5, was removed in 2018 with funding from the Milwaukee Metropolitan Sewer District, the Fund for Lake
Michigan, the WDNR, United States Fish and Wildlife Service, and the Great Lakes Restoration Initiative.

Estabrook Dam - Jeffrey Phelps

Removal
of the
Estabrook
Dam
- Susan
Ozaukee
County
Planning
and
Parks Ruggles
Dept.
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Kletzsch Park Dam
The Kletzsch Park Dam was built for recreational purposes in 1934 at river mile 10. The dam is owned by
Milwaukee County and is currently in place, but there are plans to construct a fishway to allow the passage
of native fish, including Lake Sturgeon. According to the Milwaukee County Parks Department, a fish
passage (or dam removal) will allow fish native to the Milwaukee Estuary to move from Lake Michigan to
areas upstream of the dam, encompassing 21 miles of river, 29 miles of tributary streams, and 2,400 acres
of wetlands. A fish passage at the Kletzsch Park dam is a logical successor to significant investments in
river restoration made on the Milwaukee River. In recent years, many projects have been completed
including a nature-like fishway constructed at the Mequon - Thiensville Dam; the removal of the North
Avenue, Estabrook, Lime Kiln, and Chair Factory dams; the Seminary Dam removal on Pigeon Creek; and,
the removal or remediation of numerous fish passage impediment culverts and other obstructions. The
fishway construction or dam removal will be funded by the Great Lakes Restoration Initiative (Area of
Concern funding) and the Fund for Lake Michigan.

Kletzsch
Hoffman
Kletzch Park Dam -– Mark
Ozaukee
County Planning and Parks Dept.
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Mequon-Thiensville Dam
The Mequon-Thiensville dam has a structural height of 13 feet and a hydraulic height (difference between
water elevation upstream and downstream of the structure) of 6.5 feet. The dam forms a 700-acre
impoundment, the largest in Ozaukee County. The Department’s Ecological Division Fish Passage Program
(Program) partnered with the City of Mequon, Village of Thiensville, WDNR, U.S. Fish and Wildlife
Service, National Oceanic and Atmospheric Administration (NOAA), Great Lakes Protection Fund,
Wisconsin Coastal Management Program, and others to construct a nature-like fishway in the abandoned
millrace adjacent to the dam in 2010. Fish and other aquatic life are now able to navigate upstream past the
6.5 foot high dam through a series of pools (resting areas), runs and riffles constructed in an 800 linear foot,
nature-like meandering stream channel. The fishway entrance is located downstream of the north dam
abutment and the fishway exit is immediately upstream of the dam in the impoundment. The fishway will
be modified in 2021 to better accommodate the passage of large bodied fish, such as the Lake Sturgeon.

Before and after construction of the Mequon-Thiensville Fishway – Ozaukee County
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Lime Kiln Dam
The Milwaukee Falls Lime Company was established in 1892 with the opening of a limestone quarry in the
Village of Grafton. The company, managed by G.A. Mace, constructed five lime kilns adjacent to the quarry
near a reach of the Milwaukee River north of Cedar Creek. Prior to 1915, a timber crib dam with earthen
backfill was built into the abutting limestone walls and solid bedrock island that defined the river channel.
Around 1915, the dam was reconstructed with concrete and additional earthen backfill, reaching a hydraulic
height of five feet. The 60 foot long spillway created a five acre impoundment with an average depth of
five feet and maximum water depth of nine feet. The company continued its lime production through the
turn of the century when its operations were purchased by the Tews Lime and Cement Company. As the
country’s need for the product dwindled in the early twentieth century, the lime production at this site
decreased until the mid-1920s when operations ceased.
In the early 1960s, the Village of Grafton acquired the site, paying $6,000 annually over ten years to the
Tews Lime and Cement Company, and filled the former millrace with concrete debris and earthen fill.
During this time, the dam began to fail. In 1963, repairs were made to the Lime Kiln Dam to prevent further
damage. About this time, one of the limestone quarries located northeast of the remaining kilns was filled
and paved to become a parking area. The date of the demolition or collapse of two of the five original kilns
is unknown. Four tramway piers and the raceway walls were preserved and are still visible at the site today.
The Wisconsin Department of Natural Resources completed a dam safety inspection in 2008 and informed
the Village of Grafton of structural repairs needed to comply with current State dam floodplain and safety
regulation standards. The Village determined that a full dam removal was the most cost effective and
environmentally sound alternative to comply with State dam regulations. The Lime Kiln Dam was removed
by the Ozaukee County Planning and Parks Department and Highway Department in 2010 in cooperation
with the Village of Grafton and landowners. The project was funded by an American Recovery and
Reinvestment Act (ARRA) grant administered by NOAA and included removing debris and fill from the
former raceway, impoundment dewatering through the raceway, dynamite blasting to fracture the dam face
and footing, and concrete and debris removal with heavy equipment. The Department also completed
multiple restoration activities including: bank stabilization, public access amenities, construction of a
wooden pedestrian bridge over the old raceway for public access to the exposed bedrock island, invasive
vegetation removal, native prairie seeding and tree plantings and interpretive permanent education and
outreach signage. The project restored access to a total of 30 river miles of mainstream habitat in the
Milwaukee River from Lake Michigan upstream through the former impoundment.

Before and after removal of the Lime Kiln Dam – Ozaukee County Planning and Parks Department

12

Bridge Street Dam
The Bridge Street Dam in the Village of Grafton, located just downstream of State Highway 60, is the first
major impediment on the Milwaukee River as defined by the U.S. Fish and Wildlife Service and WDNR.
Lake Sturgeon are not able to bypass the Bridge Street Dam. Although there are no current plans for any
remediation efforts of the dam, the Ozaukee County Planning and Parks Department has completed
engineering and design for a passive fishway around the Bridge Street Dam. The fishway design was
permitted by the WDNR to be an active, trap-and-sort fishway that only allowed for the passive passage of
Lake Sturgeon. Due to the costs of running an active trap-and-sort facility, the fishway was never
constructed.

Bridge Street Dam - Ayres Associates

Project Description
Remote Analysis of the Milwaukee River
Remote analysis of the Milwaukee River was initially conducted using orthophotos of the Milwaukee River
to locate areas in Ozaukee County where Lake Sturgeon spawning habitat is most likely to occur (Figure
3), prior to side scan sonar use. Traditional quantitative habitat assessments are time intensive, costly, and
not recommended in regions where identifying quality Lake Sturgeon spawning habitat is unrealistic (Litts
2016). Orthophotos were reviewed for evidence of water velocity, exposed substrate, artificially occurring
rip-rap, soft sediment deposition, and aquatic vegetation growth. Along with river gradient, these factors
are effective indicators in locating adequately oxygenated, cobble substrate this species requires for
successful spawning. Although remote analysis is unable to confidently confirm the presence of Lake
Sturgeon spawning habitat, it does prioritize sections of the river where limited resources (e.g., qualitative
instream habitat assessments) can be utilized to more accurately assess the current condition of the habitat.
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Figure 3. Summary of Orthophoto Review for Lake Sturgeon Habitat.

Areas Unlikely to Support Lake Sturgeon Spawning Habitat
Remote analysis revealed large sections of the Milwaukee River in Ozaukee County where Lake Sturgeon
spawning habitat is unlikely to occur. The Mequon-Thiensville dam impoundment contributed significantly
to the areas deemed poor spawning habitat. The impoundment is located near river mile 19.5 and is
comprised of 700 acres. The impoundment was formed when the dam was constructed in 1882. The water
velocity in the impoundment upstream of the dam is lower than in most of the free-flowing sections of the
river. Water velocity is an essential component of sediment transport within a river system as low velocity
water cannot carry the same amount of sediment as high velocity water, causing an accumulation of soft
sediment behind the dam impoundment. The accumulation of soft sediment fills in the gaps between the
rocky riverbed substrate where Lake Sturgeon would deposit their eggs. The water velocity within a dam
14

impoundment is also too low to keep Lake Sturgeon eggs adequately oxygenated during the incubation
period. For these reasons, a large area of the Milwaukee River upstream of the Mequon-Thiensville Dam
was classified as unlikely to support Lake Sturgeon spawning.
Areas Where Lake Sturgeon Spawning Habitat is Possible
Areas of the river upstream of the Mequon Thiensville dam impoundment to Pioneer Road in Cedarburg
and downstream near the Ozaukee-Milwaukee County border appeared to have both soft sediment
accumulation and stretches of cobble riffles per orthophotos. The gradient in these areas is not ideal for
spawning habitat; however, smaller, individual reaches may have sufficient gradient and substrate to
support Lake Sturgeon spawning.
Areas Likely to Support Lake Sturgeon Spawning Habitat
These areas, located immediately downstream of the Mequon-Thiensville dam and downstream of the
Bridge Street Dam in Grafton, included sections of the river with high gradient and portions of visible
cobble riffles. Riffles, runs, and pools are all frequent in this section and indicate staging and spawning
habitat. Water velocity in these sections are fast enough to ensure proper oxygenation and little
sedimentation of Lake Sturgeon eggs. The section of Milwaukee River near Lime Kiln Park in Grafton is
highly suitable and likely the best quality habitat for Lake Sturgeon spawning and rearing in Ozaukee
County due to the above considerations and the presence of fractured bedrock as substrate.

Habitat Evaluation
The Department assisted Riveredge Nature Center with the completion of a preliminary Lake Sturgeon
habitat assessment in 2019, supported by a National Fish and Wildlife Foundation Bring Back the Natives
grant. Department staff and volunteers completed an extensive instream and riparian habitat assessment at
one 800 meter station north of Lakefield Road on the Milwaukee River in Ozaukee County. This station
was originally assessed by WDNR in 2003; it was selected for an updated habitat assessment as it may
serve as an adequate spawning location and also is near potential juvenile nursery habitat. Surveyors
originally utilized Simonson et al.’s (1993) “Guidelines for Evaluating Fish Habitat in Wisconsin Streams”
for rivers greater than 10 meters wide and the WDNR’s (2001) “Guidelines for Qualitative Physical Habitat
Evaluation of Wadable Streams;” to maintain consistency. Per WDNR guidance, the Department used the
same protocol to assess the Lakefield station in 2019. Department staff has prior experience with the
Simonson habitat assessment procedure as it has been utilized by the Department under several federal and
state-funded projects.
The Simonson habitat assessment procedure and rating system correlates numerous physical and visual
measurements to the current quality of fish habitat. Per Simonson et al. (1993), sampling stations in lotic
systems with the greatest quantity of ideal habitat are assigned high value scores (excellent, good) while
stations containing less desirable habitat are assigned lower value scores (fair, poor). The resulting numeric
scores rates the ability of the habitat to support reproduction of desirable fish species, with the primary
belief that habitat diversity and quality directly influences the fish population as well as community
structure and diversity (the “Field of Dreams” theory; Palmer et al. 1997, Bond and Lake 2003).
Replicating the habitat assessments performed by the WDNR allowed for comparison of habitat conditions
from 2003 to 2019. In addition to the Lakefield Road station, a second habitat assessment at Lime Kiln
Park in Grafton will occur when water velocity permits safe wading. The Lime Kiln station was previously
assessed in 2003, and future data collection will allow for a current longitudinal comparison of potential
Lake Sturgeon spawning and nursery habitat.
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Side-Scan Sonar Surveys, Substrate Classification, and Mapping
Concurrently, the Department conducted side-scan sonar to evaluate 14.4 miles and over 535 acres of
instream habitat in the Milwaukee River in Ozaukee County from County Line Road to the first barrier
(Bridge Street Dam in the Village of Grafton) located at river mile 31, and 3.5 miles and 36 acres of instream
habitat on Cedar Creek from its confluence with the Milwaukee River to the Nail Factory Dam (Figure 1),
based on fish passability. Sonar is a system used for the detection of objects under water that aids in
measuring water depth by emitting sound pulses and evaluating the properties (i.e. strength, speed) of the
reflected pulses. Side-scan sonar differs from traditional sonar by emitting sound pulses at an angle rather
than straight below the boat, allowing for collection of sonar data from a wider swath of water.
The use of side-scan sonar in lotic systems has recently been refined by Kaeser and Litts (2008), who used
this method to rapidly estimate deadhead logs and classify and map substrate in the Flint River, Georgia,
with an accuracy of 84%. Recent research includes an ongoing mapping of riverine sturgeon habitat in the
AuSable River (Brian Schmidt, USFWS), a habitat mapping project of the Milwaukee Harbor using sidescan sonar techniques completed (Brennan Dow, UWM SFS graduate) and Lake Sturgeon HSI modeling
(Jessica Collier, University of Toledo).
Sonar imagery was translated to create detailed habitat maps that include substrate classification,
bathymetric mapping, and associated Lake Sturgeon HSI scores (Daughtery et al. 2008). The HSI compiled
in Daugherty et al. (2008) was applied to the identified substrate categories and used to assign scores to the
35.5 river miles and 600 acres of the study area. SonarTRX software was used to extract and georeference
raw sonar data using automatic GPS data collection included with the Hummingbird sonar unit. The sonar
data was then compatible for use in ArcMap 10.5 where it was segmented into different categories based
on substrate diameter and roughness.
The substrate classification was verified for accuracy by comparing the sediment classifications generated
by the sonar data to sediment data points collected as part of the USEPA Great Lakes Restoration Initiative
grant study “Monitoring to Address 7 of 11 BUI’s – Milwaukee River Estuary AOC Task 3: Sediment
Contamination Sampling” (Struck et al. 2015b). The sediment data point ranged in location from Mequon
to the confluence of Cedar Creek with the Milwaukee River. Additional random point verifications were
not able to be completed due to COVID-19 safety considerations limiting field work during the necessary
low water periods occurring in 2020.

Methodology
Side-Scan Sonar Sediment Classification
The Department used a two-person canoe to perform side-scan sonar surveys. The canoe was equipped with
a custom mount to accommodate the sonar unit. The sonar transducer was mounted with a clamp device,
similar to the clamp used for trolling motors. The transducer unit was mounted on a pipe that was adjustable
within the mount to control depth of the transducer in the water, which allowed the unit to remain in an
environment of low turbulence and enabled the user to pull the transducer up and out of the water if rocks
or shallow conditions threatened to damage the unit. The canoe was propelled by an outboard engine
(electronic trolling motor), dependent upon the current water velocity and depth, and paddles located behind
the mounted transducer. The canoe was outfitted with two outriggers that minimized the effects of waves
while providing stability during data collection, as such motion could cause distortions to the sonar data
and/or tip the canoe (Figure 4).
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Figure 4. Canoe setup used for recording sonar data.

The sonar unit sends a narrow beam, a continual acoustic pulse perpendicular from each side of the boat.
The pulse travels through the aquatic medium then hits and reflects off both abiotic and biotic features and
returns to the transducer. The rate at which the pulse returns to the transducer and the strength (amplitude)
of the pulse is dependent upon the roughness of the environment. Hard, dense objects, such as boulders and
cobble, hard-bodied fish like sturgeon, and large woody debris, reflects more sonar pulses, producing a
cleaner and crisper image, while soft objects like sand and silt substrate, soft-bodied fish like catfish,
macrophytes, absorb some pulses and reflect fewer back, making the resulting image appear less crisp. The
returned pulses are transformed by the control head into rows of various toned-pixels that represent thin
cross-sections of the stream channel and produce a 2-dimensional image of the 3-dimensional aquatic
environment (Kaesar and Litt 2013).
The side-scan sonar unit (Humminbird Solix 12, horizontal accuracy of 2.5 meters) is operated at a
frequency range of 800 kHz to 1.2 MHz for optimal resolution during classifying of sediment categories.
The sonar frequency setting impacts both the resolution of the returned data and the maximum range of the
unit. A critical aspect of this project is differentiating substrate types to achieve an accurate assessment of
the sediment, so the maximum resolution is preferred. The maximum resolution can be achieved by setting
the sonar unit to use the highest frequency setting of 1.2 MHz. To account for the reduced range of
horizontal accuracy while operating at a 1.2 MHz frequency, two longitudinal transects are needed to
capture the stream bed from bank-to-bank.
Data collection occurred from the fall of 2018 to the fall of 2019 when water was near bankfull flow, as
shallow water / baseflow did not allow for even distribution of the sonar pulses due to poor grazing angles
(the angle of incidence, the point of the sonar pulse reflecting off the substrate back to the transducer).
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When water depths were not adequate for accurate sonar collection, Department staff noted the locations
of stretches not assessed using the GPS coordinates and returned at a later time when the flow was suitable.
Range was set so the two passes covered the entire width of the river through the survey section. The
smallest range possible that allowed efficient sampling was used. The range was only changed mid-survey
to accommodate unique features, such as a dam impoundment.
It was advised, per Mr. Brennan Dow, to use a single side range that satisfies a depth:range percentage
within 8% to 20%. For example, a range of 100 feet per side of the boat (200 feet total) could be operated
at a water depth of 8 to 20 feet. If a survey section had a water depth of 6 feet on average, the range between
30 and 75 feet per side was used. Operating within these guidelines produced the best possible data for a
site and permitted accurate sediment classifications. Operating at a frequency of 1.2 MHz, the Solix 12
sonar unit had a max range of 125 feet per side. The most accurate imaging occurred when the water surface
was still. By traveling in the same direction as current, the turbulence around the transducer was reduced
and resulted in higher quality images. Per Kaeser and Litts (2013), higher quality images are usually
produced when the boat is traveling between 3.5 and 6 miles per hour. Traveling at slower speeds was ideal
in reaches with longer ranges (width of signal sent from transducer; i.e. streams > 10 meters in width),
while shorter ranges permitted the use of faster travel speeds. As the range decreased, image resolution
increased and it was easier to discern smaller objects, such as fine rocky substrate or centrarchid nests, at a
higher frequency. Two separate passes downstream were completed to perform imaging of obstructed
features and overlay images for an accurate bathymetric map (Kaesar and Litt 2013).
During sonar data collection, information and imagery was continuously saved to a removable SD card
located within the Humminbird Solix 12 sonar unit. The image files were immediately stored to the SD
card and the waypoint files (the coordinates associated with a group of image files) were stored in the
limited internal memory of the sonar unit control head. When either the memory was full and/or at the end
of a run, the waypoint files were exported to the SD card to clear the internal memory of the control head.
The SD card containing the information was then be replaced with a blank card. The saved information was
uploaded to a computer with SonarTXR software, permitting the import of the sonar files into ArcMap.
Data collected from habitat inventories was analyzed using SonarTX, a software program that uploads and
stitches together sonar image files and waypoints and then converts the data to an ArcMap 10.5 compatible
file type through georeferencing the recorded GPS locations, a model based on Daugherty et al. (2008).
Available research and literature was summarized by Daugherty et al. (2008) to develop a comprehensive
and specific set of HSI values for the critical life stages of Lake Sturgeon. This index considers specific
substrate availability needed for staging, spawning, and nursery habitat. HSI values ranging from 0
(unsuitable) to 1 (most desirable) that corresponded to the sonar data generated bathymetric maps.
In ArcMap, the data was segmented into categories based on substrate diameter and roughness to create a
bank-to-bank coverage bathymetric map. Polylines were drawn around areas of large coarse material, finer
textured material, and soft materials from the raw images. Polygons were then created around substrates
and further assigned to mutually exclusive classes by visual size and texture. The classification categories
include: sand/silt (fines), clay, gravel, cobble, boulder, bedrock, woody debris, and unclassified. Stream
depth was measured by the transducer below the boat and assisted in the creation of the bathymetric map
layer.

Sediment Classification Verification Assessments
A verification study was conducted to ensure accuracy of the sonar substrate classifications using sediment
data collected as part of the USEPA Great Lakes Restoration Initiative grant study “Monitoring to Address
7 of 11 BUI’s – Milwaukee River Estuary AOC Task 3: Sediment Contamination Sampling” (Struck et al.
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2015b). The 1130 individual sediment data points were displayed over sediment polygons generated by the
side-scan sonar data and each point was determined to be matching or not matching to the underlying
sediment polygon (see Accuracy Measurement section below).

Water Quality Monitoring
Continuous Water Quality Monitoring
Continuous water quality monitoring was performed under a federally-approved QAPP funded by a USEPA
Great Lakes Restoration Initiative grant (#GL-00E00607-0, Struck et al. 2015a). Sampling occurred 20112013 at Falls Road (43°18'33.15", -87°57'6.12") downstream of the Grafton Wastewater Plant discharge,
upstream of the northern end of Lime Kiln Park and upstream of the Lime Kiln Dam impoundment. A
Global Water continuous water quality monitoring unit was deployed and programmed to measure and
record water temperature (accurate within 0.1°C), water depth (accurate within 0.015 feet), dissolved
oxygen concentration (accurate within 0.5% saturation), pH (accurate within 2% of full scale), and
conductivity (accurate within 20 μS) approximately every twenty minutes. The unit was factory calibrated
annually and prior to deployment.
The continuous water quality monitoring station was located in an area that provided safe access and a low
likelihood of tampering. The sensor probes and cords were weighted to ensure submersion throughout the
duration of sampling. Weekly and/or monthly checks at the station included battery replacement, general
maintenance, data download, and recalibration as necessary. The monitoring station and probes were
maintained and calibrated as needed in accordance with manufacturer recommendations as cited in
operating manuals and other supporting documents. Calibration data from the continuous monitoring
station was downloaded at least every month by Department staff onto external memory and immediately
transported to the County offices and uploaded to the Ozaukee County network server.
The collected data aided in the establishment of a baseline dataset and detection of trends related to various
flow conditions during the sample period. This data can be cross referenced to the larger, discrete water
quality sampling data set from partnering agencies, which will allow inference of water quality changes as
they relate to specific events or time periods. Water quality data collected throughout this preliminary
project was consistent with other agency’s data entered into WDNR’s Surface Water Integrated Monitoring
Systems (SWIMS), making for efficient data management and comparability (WDNR 2010).

Water Temperature
The WDNR Chapter NR102 Water Quality Standards for Wisconsin Surface Waters (WDNR 1973) sets a
water temperature maximum for a Warm Water Sport Fishery (Milwaukee River) of 31.7°C (Table 1).
Daily maximums were measured against this standard.
At the Falls Road location in 2011, water temperatures averaged mid to high 20°Cs during the warmest
months, July until mid-August. In 2012, water temperatures consistently averaged in the high 20°Cs to mid30°s from June to mid-August, with a few daily averages reaching above 31.7°C. A severe drought occurred
in 2012, which was also the hottest year of the 3 study years which likely contributed to the unusually warm
water temperatures (NOAA 2012). In 2013, water temperatures averaged low to mid-20°Cs during early
September, when the continuous unit was deployed at the station (Figure 5, Appendix B).
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Figure 5. Daily average water temperature ( oC) measurements recorded by a continuous monitoring unit
deployed at Falls Road, Grafton, in 2011-2013.The red line is at 31.7 oC, the maximum temperature to
maintain a Warm Water Fisheries.

Table 1. Wisconsin State and Federal water quality criteria for streams.
Parameter

Criteria

Reference(s)

Conductivity

150 - 500 µS/cm

USEPA 2012

Dissovled Oxygen

> 5 mg/L

pH

6.0 - 9.0

Turbidity

10 NTU (FNU)

Water Temperature

31.7°C

Note
No criteria set by State or Federal;
USEPA recommendation

> 5 mg/L to sustain a Warm Water
NR 102.04(4) , 104.02(3)(a) Wis.
Fishers; > 3 mg/L to sustain aquatic
Adm. Code
life
NR 102.04(4)
Wis. Adm. Code
Milwaukee Riverkeeper 2018
Section NR 102.245 Wis. Adm.
Code

TMDL

Dissolved Oxygen
Dissolved oxygen varies greatly with time of day and photosynthetic activity. WDNR Administrative Rule
102.04 (4a) states: “the dissolved oxygen content in many surface waters (including waters designated as a
Warm Water Sport Fishery) may not be lowered to less than 5 mg/L at any time (WDNR 1973)” (Table 1).
Dissolved oxygen was measured as a percent saturation where 80-120% saturation is considered “good”
and below 60% is considered “poor”.
In 2011, the daily maximum, minimum, and average results consistently stayed within the “good” range at
the Falls Road sampling location. The minimum daily dissolved oxygen never fell below 80% saturation
and the mean daily dissolved oxygen measured 90% saturation or above for the entire sample period (June
to September) except for one day (Figure 6, Appendix B).
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Dissolved oxygen was recorded from mid-June to early August in 2012, after which the probe
malfunctioned. Close examination of the data revealed only data collected in June and into July was
accurate; the remaining recorded data was disregarded due to inconsistencies. Mean daily dissolved oxygen
saturation levels were lower in 2012 than in 2011 in June and July, with the 2012 July mean of 57.2%
considered unsuitable to sustain aquatic life (Appendix B). However, as dissolved oxygen concentration is
linked to many other abiotic factors and photosynthetic processes, additional investigation is needed to
discern probable cause for the trend displayed. Furthermore, these results may be erroneous as a result of
the faulty dissolved oxygen sensor on the monitoring probe.
In 2013, the monitoring unit was not deployed until September due to necessary repairs. As such, dissolved
oxygen was not recorded during the hottest part of the year when levels are typically lower. Between
September and November, the daily maximum, minimum, and average results consistently stayed within
the “good” range above 80% saturation (Figure 6, Appendix B).
Figure 6. Daily average dissolved oxygen (% saturation) measurements recorded by a continuous monitoring
unit deployed at Falls Road, Grafton, in 2011-2013. The red line is set at the “good” minimum % saturation
of 80%.

Hydrogen Ion Concentration (pH)
Most streams have a neutral to slightly basic pH, which is dependent upon abiotic factors such as
composition of the stream bed, water temperature, dissolved oxygen concentration, time of day, and
weather activities. Wisconsin Administrative Rule 102.04(4) states that the pH must be within the range
6.0 to 9.0, with no change greater than 0.5 units outside the estimated natural seasonal maximum and
minimum (Table 1). A pH of 7.5 is considered ideal and values are generally higher during the summer
months, when primary production is greatest.
In 2011, the Falls Road location had daily minimum and average measurements falling between 8.3 and
9.0 until September 8, when average pH values measured 9.0 or above. In 2012, daily minimum, maximum,
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and average results were above the 9.0 criteria in July, August, and October. In 2013, daily minimum,
maximum, and average results measured closer to the ideal pH of 7.5 (Figure 7, Appendix B).
Figure 7. Daily average pH measurements recorded by a continuous monitoring unit deployed at Falls Road,
Grafton, in 2011-2013. The red line is set at the Wisconsin state criteria maximum of 9.0.

Specific Conductivity
Conductivity in streams is naturally affected by geology and can be higher or lower depending on the
bedrock, soils and water passing through. It can also be affected by discharges to streams such as chlorides,
heavy metals, sewage, and nutrients (phosphates and nitrates). A conductivity reading of 150-500 µS/cm
can provide for a healthy aquatic ecosystem and conductivity outside of this range could indicate the
waterbody is not suitable for certain aquatic species (USEPA 2012) (Table 1).
In the three study years, daily maximum and average conductivity readings were significantly higher than
maximum recommended by USEPA (2012). The majority of the daily minimum readings remained above
500 µS/cm. These high conductivity values require additional investigation, but may indicate high levels
of nutrients or other pollutants entering the waterbody (Figure 8, Appendix B).
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Figure 8. Daily average conductivity measurements recorded by a continuous monitoring unit deployed at
Falls Road, Grafton, in 2011-2013. The red line is set at the maximum recommend USEPA value of 500
µS/cm.

Water depth
The continuous water monitoring systems measured water depth to illustrate variation throughout the
seasons. Depth results were not intended to be analyzed alone, but in comparison with other parameters in
future analysis (Figure 9a). Depth measurements were taken discretely by USGS staff at gauge located
approximately 3.8 stream miles (6.1 km) downstream, 60 feet south of Pioneer Road in Cedarburg (Figure
9b). Between Falls Road and Pioneer Road, the river channel becomes widens from approximately 40
meters to 55 meters.
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Figure 9.
a.) Daily average water depth (m) measurements recorded by a continuous monitoring unit deployed at
Falls Road, Grafton, in 2011-2013.

b.) Water depth (m) measurements recorded discretely at the USGS gauge south of Pioneer Road near
Cedarburg, 2011-2013.

Discrete Water Quality Sampling
Discrete water quality sampling was conducted by a Sub-Consultant on the Milwaukee River and select
tributary streams during five sampling events under a federally-approved QAPP (funded by the USEPA
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through the GLRI, Struck et al. 2015a) from 2012-2014. The focus of the project was to establish baseline
nutrient and pathogen information and preliminary baseflow water quality trends within the Milwaukee
River Watershed in Ozaukee County. A total of 30 stations were established: 20 on the Milwaukee River
and 10 across eight tributary streams; however, for the purpose of this study, only data collected at the
Milwaukee River Falls Road sampling station is presented. This sampling station was also the site of the
continuous monitoring unit.
Water samples were collected in the thalweg and analyzed for total phosphorus, total Kjeldahl nitrogen
(TKN), ammonia, nitrates/nitrites, total suspended solids (TSS), orthophosphate, and fecal
coliform/Escherichia coli (E. coli) by Northern Lake Services, a Wisconsin-certified laboratory. The data
quality objectives were to ensure the data generated at Northern Lake Services provided accurate
representation of the water quality at the time of sampling. All water samples were collected in containers,
field preserved, labeled, and submitted for analysis in accordance with approved SOPs.
Samples were collected in containers approved by the Wisconsin laboratory certification program. Every
effort possible was made to avoid contamination of the water samples (e.g., did not touch the inside of the
container; did not put caps on the ground during sampling, fully rinse sampling equipment between sites,
etc.). To provide accurate and reliable results, sample preservation and holding times were strictly adhered
to throughout the process (e.g., labeling and preserving/icing samples immediately followed collection,
promptly delivered samples to the laboratory to ensure analysis within a given hold time, etc.).
Complete sampling information was obtained and documented for water samples including location, date,
time, air and water temperature, average flow velocity, and other relevant field conditions at each sampling
site. All water quality samples were sealed, preserved/iced, and transported to the laboratory in a prompt
timeframe to ensure analysis occurred within necessary hold times per the Sub-Consultant and laboratory
SOPs. The Northern Lake Services laboratory conformed to industry-standard Level 2 requirements,
including analytical reports, QA/QC reports, and chain of custody documentation. The laboratory assumed
custody of each sample it received and was responsible for forwarding all sample analysis results to the
Project Coordinator (or designee) following the completion of analysis. The laboratory had a limit of
detection and limit of quantitation for the analyzed parameters (Table 2). For results that are below the limit
of quantitation, there is a lower degree of confidence in the precision of the reported result.
Table 2. Water quality parameters, Northern Lake Services laboratory limits of detection, and number of
samples tested.

Ammonia

0.07 mg/L

0.23 mg/L

Total
Samples
5

Chlorophyll a

0.26 µg/L

0.87 µg/L

5

E. coli
Fecal Coliform

1 CFU/100mL
10 CFU/100mL

Does Not Apply
Does Not Apply

5
5

Nitrites/Nitrates

0.025 mg/L

0.061 mg/L

5

Orthophosphate

0.007 mg/L

0.010 mg/L

5

0.18 mg/L

0.68 mg/L

5

0.005 mg/L

0.016 mg/L

5

2 mg/L

7 mg/L

5

Test

Total Kjeldahl
Nitrogen (TKN)
Total
Phosphorus
Total Suspended
Solids (TSS)

Detection Limit Reporting Limit
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Sampling of four distinct events occurred during late-spring 2012 through fall of 2013. The fifth distinct
sampling event occurred in late spring of 2014 due to irregular weather complications that made sampling
unsafe to complete in the original sampling period. The Falls Road station was sampled during baseflow
conditions in 2012 and 2013, to establish baseline conditions, and following three rain events during 2012,
2013, and 2014 to sample conditions influenced by surface runoff within the watershed (Table 3).
Table 3. Summary of discrete water quality sampling events.
Round
R1
R2
R3
R4
R5

Dates Parameters Analyzed Wet/Dry
5/31/2012
All
Dry
8/6/2013
All
Dry
10/7/2013
All
Wet
11/7/2013
All
Wet
4/30/2014
All
Wet

Complete numeric data for each parameter for every sampling event at this station is located in Appendix
C. Sampling baseflow conditions as well as confining sampling to the late-spring through autumn time
period was requested by the WDNR (D. Dinsmore, M. Burzynski, and M. O’Shea, personal communication,
March 15, 2011). Sub-consultant staff determined cross section measurements at most sampling sites during
the initial low flow event and final high flow event and took multiple flow measurements during the
collection of most water quality samples (Bain and Stevenson 1999). These measurements facilitated the
estimation of discharge during sampling.
The project consultant completed two baseflow sampling events; however, unsafe or inadequate site
conditions prevented completion of the highflow sampling events. The consultant attempted high-flow rain
event sampling in flows greater than 1,000 cfs, but determined that flow and river conditions were unsafe
to complete the sampling activities. Resultant discussions indicated that high-flow sampling was feasible
during or immediately after a rain event in flows between 400 and 1,000 cfs. Unfortunately, there were no
rain events corresponding with flows between 400 and 1,000 cfs from April 1 – October 31 in 2012, and
only 1 rain event (which occurred on or near the July 4 holiday and the consultant was unable to mobilize)
from April 1 to August 20 in 2013 between 400 and 1,000 cfs.
The USGS gauge located at Pioneer Road captured the variability in discharge from April 1 – October 31
in 2011, 2012, and 2013 (Figure 10). In all three years, discharged followed the pattern of greatest in spring,
after snowmelt, decreasing during summer months (June to September) with increases associated with
precipitation events, and then increasing again around late fall with precipitation events.
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Figure 10. Discharged (cfs) measured at the USGS gauge located at Pioneer Road in Cedarburg from April 1
– October 13 in 2011, 2012, and 2013.

The parameters assessed during the sampling events were based on guidance from WDNR (2010) as well
as conversations with WDNR Water Resources and Great Lakes staff (D. Dinsmore, M. Burzynski, and M.
O’Shea, personal communication, March 15, 2011). Final detection and reporting limits used for water
quality sample analysis for each parameter are outlined in Tables 4 and 5. To the extent possible, locations
that returned high fecal coliform counts (200-400 CFU/100 mL) were re-tested for E. coli during later
sampling (WDNR 2010), but initial re-testing of water at locations with high fecal coliform counts had low
re-test results and did not warrant further testing. In addition, the holding time for testing a sample for E.
coli is 24 hours and initial results were not provided by the lab for several days after testing.
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Table 4. Wisconsin State, Federal, and local water quality criteria for streams.
Parameter
Chlorophyll a
E. coli

Ammonia

Criteria
<7 µg/L desirable
7-15 µg/L less than desirable
>15 µg/L problematic
126 not to exceed 410 MPN/100
mL
< 0.06 mg/L desirable
0.06-.099 mg/L gill damage
0.1-0.19 mg/L Pollution
0.2 mg/L loss of sensitive spp
2.0 mg/L chronic, tolerant spp

Total Nitrates (NO2)
and Nitrites (NO3)
(Inorganic N)
Total Kjeldahl Nitrogen
(TKN)
Nitrogen - Total
Nitrogen (TKN +
Inorganic N)

Reference(s)

Note

WDNR 2019

No criteria set by State or Federal

NR 102.04(4)
Wis. Adm. Code

USEPA 2013

< 0.94 mg/L

USEPA 2000

< 0.65 mg/L

USEPA 2000

< 1.59 mg/L

USEPA 2000

Orthophosphate

0.1 mg/L

USEPA 2008

Total Phosphorus

0.075 mg/L

Section NR 102.06, Wis. Adm.
Code; WDNR & MMSD 2018

Total Suspended Solids
(TSS)

12 mg/L

WDNR & MMSD 2018

No criteria set by State; implement
Federal critera

No criteria set by State or Federal;
implement TMDL criteria

Chlorophyll a
Chlorophyll a levels provide information about the productivity of a water body as it relates to nutrient
availability. The raw data results show chlorophyll for all species, which are then used to correct chlorophyll
a levels in the presence of other chlorophyll species. Corrected chlorophyll a results were used for this
analysis. There is currently no state or federal regulations or standards for chlorophyll a levels; however,
the general ranges for assessing concentrations by the WDNR (2019) are (Table 4):
<7 µg/L = desirable
7-15 µg/L = less than desirable
>15 µg/L = problematic.
Chlorophyll a levels reached above 7 µg/L during two sampling events, May 2012 and October 2013
(Figure 11, Appendix C).
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Figure 11. Chlorophyll a concentrations (µg/L) from water samples taken from the Milwaukee River at Falls
Road, Grafton, 2012-2014. The red line indicates the WDNR value where chlorophyll concentration deviates
from ideal to less than desirable.

Fecal Coliform/E. coli
High bacteria concentrations can have a negative effect on streams as well as human health. Prior to 2020,
Wisconsin State Recreational Use Standards state that fecal coliform levels should never exceed 200
CFU/100 mL (colony forming units/100 milliliter sample; WDNR 1973, MMSD 2018). WDNR
recommended retesting samples for E. coli with initial fecal coliform concentrations higher than 400
CFU/100 mL. The USEPA had established federal recommended minimum criteria for E. coli that suggest
that the geometric mean of all samples should not exceed 126 colony forming units (CFU) per 100 mL and
not more than 10 percent of samples to exceed 400 CFU/100 mL (USEPA 1986a); Wisconsin adopted these
values in the 2020 Wisconsin State Legislature NR 102.04(6).
Only one of the 5 samples had a value above the 200 CFU/100 mL criteria (May 2013) and all samples
measured concentrations less than 400 CFU/100 L (Figure 12, Appendix C).
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Figure 12. Fecal coliform concentrations (200 CFU/100 mL) from water samples taken from the Milwaukee
River at Falls Road, Grafton, 2012-2014. The red line indicates where concentration begins to exceed the pre2000 Wisconsin designated standard of 200 CFU/100 mL.

Nitrogen
Nitrogen was analyzed as ammonia, total Kjeldahl nitrogen (TKD; ammonia, organic and reduced nitrogen)
and total inorganic nitrogen (nitrates NO3- and nitrites NO2-). Total nitrogen was calculated by adding TKD
to the total inorganic nitrogen.
There are no State established numerical standards for any forms of nitrogen in surface water, but the
USEPA’s “Ambient Water Quality Criteria Recommendations” for rivers and streams in Nutrient
Ecoregion VII (USEPA 2002) suggest reference conditions for TKD, inorganic nitrogen, and total nitrogen
that were used as a comparison to the data. Similarly, USEPA published a separate document in 2013 with
updated national recommended ambient water quality criteria for the protection of aquatic life from toxic
effects of ammonia (USEPA 2013) that was used as a comparison.
Ammonia
The USEPA 2013 criterion for ammonia is temperature and pH dependent, and recommends at a pH of 7
and 20°C, acute criterion of 17 mg/L or greater (1 hour average exposure) and chronic criterion (30 dayrolling average) or 1.9 mg/L or greater (Table 4). Our analysis was not conducted to compare to this
criterion exactly, but none of our individual or averaged results reach the acute or chronic ammonia
criterion. Although none of the results reach the 1.9 mg/L USEPA criterion, elevated levels of ammonia
were detected at other sampling locations. USEPA literature (1986b) suggests that at 0.06 mg/L fish can
suffer gill damage, 0.1 mg/L can indicate polluted waters, and at 0.2 mg/L sensitive fish like trout and
salmon begin to die or migrate (Table 5). Of the 5 collected water samples, 4 were indicative of polluted
waters with 3 of those samples over the 0.2 mg/L “sensitive species lost” level (Figure 13, Appendix C). In
general, higher pH levels and warmer water temperatures increase ammonia toxicity.
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Table 5. Ammonia levels, associated effects on fish, and number of analyzed water samples with ammonia
concentrations falling within each range.

NH3 (Ammonia) Level

0.06 mg/L
0.1 mg/L
0.2 mg/L

2.0 mg/L

Effects
Fish can suffer gill
damage
Usually indicative of
polluted waters
Sensitive fish like
trout and salmon
begin to die
Ammonia-tolerant
fish like carp begin
to die

0.00 - 0.05

# of Samples
in Range
0

0.06 - 0.099

1

0.1 - 0.19

1

0.2 - 1.9

3

≥ 2.0

0

Range

Figure 13. Ammonia concentrations (mg/L) from water samples taken from the Milwaukee River at Falls
Road, Grafton, 2012-2014. The yellow and orange lines indicate the impact of various levels of ammonia per
USEPA criterion for freshwater.

Nitrogen – Total Kjeldahl Nitrogen
Total Kjeldahl nitrogen (TKN) is the sum of organic nitrogen, ammonia (NH3) and ammonium (NH4).
Project data was compared to the TKN reference criteria for freshwater of below 0.65 mg/L to sustain
aquatic life (USEPA 2000). Four of the 5 samples surpassed this reference condition with the November
13 sample measuring 0.64 mg/L TKN concentration (Figure 14, Appendix C).
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Figure 14. TKN concentrations (mg/L) from water samples taken from the Milwaukee River at Falls Road,
Grafton, 2012-2014. The red line indicates where concentration begins to exceed the USEPA recommended
value of 0.65 mg/L.

Total Nitrates (NO2) and Nitrites (NO3)
Total nitrite and nitrate (referred to as total nitrates) results were compared to the total nitrite and nitrate
freshwater reference standard set by the USEPA of below 0.94 mg/L (USEPA 2000). All five water samples
had concentrations above 1.0 mg/L (Figure 15, Appendix C).
Figure 15. Total nitrate concentrations (mg/L) from water samples taken from the Milwaukee River at Falls
Road, Grafton, 2012-2014. The red line indicates where concentration begins to exceed the USEPA
recommended value of 0.94 mg/L.

Total Nitrogen
Total nitrogen is the sum of total Kjeldahl nitrogen and total inorganic nitrogen (nitrate/nitrite). TKN and
nitrate/nitrite concentrations were added to calculate total nitrogen. Results were compared to the USEPA
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standard for freshwater of concentration below 1.59 mg/L to sustain aquatic life (USEPA 2000). All five
samples were above 2.0 mg/L (Figure 16, Appendix C).
Figure 16. Total nitrogen concentrations (mg/L) from water samples taken from the Milwaukee River at Falls
Road, Grafton, 2012-2014. The red line indicates where concentration begins to exceed the USEPA
recommended value of 1.59 mg/L.

Total Phosphorus and Orthophosphate
Phosphorus was analyzed in samples as total phosphorus and total reactive orthophosphate. Phosphorus
concentrations can fluctuate annually due to the number and severity of rain events and soil-disturbing
activities occurring both upstream and near a sampling station (WDNR 2019). The Wisconsin water quality
standard, established under NR102.06, for desirable phosphorus concentration to sustain aquatic life in a
stream environment is below 0.075 mg/L. The only water sample taken from the Grafton station that had a
concentration below the recommended limit occurred November 2013 (Figure 17, Appendix C). Per the
WDNR TMDL implementation guidance, phosphorus analysis should be performed from water samples
taken during May to October (i.e. the growing season) to ensure compliance and meet the appropriate
criterion to establish a baseline (WDNR 2020a, 2020b).
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Figure 17. Total phosphorous concentrations (mg/L) from water samples taken from the Milwaukee River at
Falls Road, Grafton, 2012-2014. The red line indicates where concentration begins to exceed the State
recommended value of 0.075 mg/L.

There is no set Wisconsin State standard for orthophosphate concentration, so the WDNR utilizes the
federal water quality standard of a maximum level of 0.1 mg/L to sustain life in a freshwater environment
(USEPA 1986b). All five water samples displayed concentrations of orthophosphate below the USEPA
recommendation (Figure 18, Appendix C).
Figure 18. Orthophosphate concentrations (mg/L) from water samples taken from the Milwaukee River at
Falls Road, Grafton, 2012-2014. The red line indicates where concentration begins to exceed the USEPA
recommended value of 0.1 mg/L.

Total Suspended Solids
Currently, there are no set water quality criteria for total suspended solids (TSS) by either the State of
Wisconsin or Federal government; however, the WDNR in conjunction with MMSD (2018) implement the
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regional Total Maximum Daily Load (TMDL) value of 12 mg/L as the allowable load and target
concentration (Table 1). High concentrations of total suspended solids increase turbidity of the water,
negatively impacting biological, chemical, and physical properties of a stream. While the TMDL allows for
an adequate establishment of a baseline in waterbody, the chronic level and target number need further
examination through additional studies. The October 2013 sample was the only sample to exceed the TMDL
value (Figure 19, Appendix C).
Figure 19. TSS concentrations (mg/L) from water samples taken from the Milwaukee River at Falls Road,
Grafton, 2012-2014. The red line indicates where concentration begins to exceed the regional TMDL
recommended value of 12 mg/L.

MMSD Milwaukee River Water Quality Study
Water quality data was collected by Milwaukee Metropolitan Sewerage District at 4 stations on the
Milwaukee River in Ozaukee County from September – November 2017 and March – November 2018 and
2019. Multiple parameters were measured through a series of discrete grab samples and continuously
recorded with instream monitoring units for a baseline study to assist in stormwater management planning
and water quality improvement projects within the Milwaukee River Watershed (MMSD 2020). Stations
were located as far upstream as Riverside Drive (above Tendick Park, MLR_01), near the Saukville Waste
Water Treatment Plant (upstream of Lime Kiln Park, MLR_02), Highway T/Lakefield Drive (MLR_03),
and at State Highway 167 in Mequon (MLR_06) near Homestead High School (Figure 20).
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Figure 20. MMSD water quality monitoring stations in Ozaukee and Washington Counties, 2017-2019
(MMSD 2020).

The collected data provides much needed information regarding the current state of surface water quality
and allows for detection of trends and changes in the rural portions of the Milwaukee River Watershed over
time. Water quality management efforts in these upper reaches is crucial in moving toward the goal of
delisting stream reaches from the WDNR’s 303(d) list (surface waters with water quality impairments).
Summary statistics for the continuously monitored water quality parameters from the three data collection
seasons demonstrate the maximum dissolved oxygen concentrations at the four Milwaukee River sites
exceeds the super-saturation value of 15 mg/L. Maximum pH values did not exceed nine; however,
maximum turbidity values surpassed the local recommended TMLD of 10 NTU and the median and
maximum conductivities values exceed the USEPA recommended 500 µS/cm limit (Table 6, Table 1).
Table 6. Summary statistics for water quality parameters measured continuously by MMSD on 4 Milwaukee
River sampling stations in Ozaukee County, 2017-2019.
Site

Site Description

Downstream of Riverside Dr at
Evergree Ln
MLR02 Downstream of Saukville WWTP
MLR03
Highway T (Lakefield Drive)
MLR06
State Highway 167, Mequon
MLR01

Water Temperature ( oC) Dissolved Oxygen (mg/L)

Specific Conductance
(µS/cm)

pH

Turbidity (NTU)

Median

Min

Max

Median

Min

Max

Median

Min

Max

Median

Min

Max

Median

Min

12.5

1.6

24.3

8.7

3.2

15.8

738

421

916

7.92

7.53

8.34

9.3

0

Max
16.8

12.3
13.4
16.1

0.1
0.5
0.7

24.6
26.3
28.7

8.6
13.4
9

3.4
7.3
4.9

19.7
17.3
16.5

738
751
741

407
409
340

874
956
987

8.03
7.8.24
8.16

7.54
7.67
7.54

8.38
8.64
8.74

6.38
5.7
9.16

0.23
0.33
0

17.22
22.18
125
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Results of discrete water sampling at the four stations on the Milwaukee River showed a stronger seasonal
pattern rather than spatial trends. Monthly data from the 21 sampling events reveals higher concentrations
of fecal coliform and E. coli during the warm weather months (July, August, and September; Appendix G
in MMSD 2020). On the Little Menomonee River, discrete sampling occurring between May and October
from 2017 to 2019 demonstrated a potential correlation between water temperature and E. coli
concentrations: measured values were generally highest with water temperatures above 18oC. However,
many abiotic factors influence measured E. coli values including precipitation, wind velocity, and water
velocity, and additional monitoring is necessary to determine the correlations between variables (Ozaukee
County 2020b).
The maximum recorded values of TSS, total phosphorous, fecal coliform, and E. coli exceeded the criterion
to sustain an ideal community of aquatic life in a lotic environment set by Federal and/or State regulations
(Table 4). The median total phosphorous values were all above the recommended concentration of below
0.075 mg/L, following the trend of high total phosphorous concentrations taken from the Falls Road station
in 2012-2014 (Table 7, Figure 14). The individual monthly data showed the measured TSS and total
phosphorus concentrations (mg/L) were generally higher across all sampling sites in the spring and fall,
during seasonal wet-weather high-flow events (Appendix G in MMSD 2020).
The sampling site furthest downstream, MLR06, had the highest maximum values TSS and total
phosphorous, in addition to the highest fecal coliform and E. coli concentrations (Table 7). Of the four
stations, this site is located in a more urban setting and is adjacent to a State Highway and large areas of
impervious surfaces. Additionally, the steeper gradient in the upstream reaches of the Milwaukee River
allow for faster water velocities and movement of pollutants, particularly during periods of high flow. Best
management practices and continued monitoring will assist in determining the contributing sources of these
pollutants across this reach of the Milwaukee River.
Table 7. Summary statistics for water quality parameters measured discretely by MMSD on four Milwaukee
River sampling stations in Ozaukee County, 2017-2019.
Site

Site Description

Downstream of Riverside Dr at
Evergree Ln
MLR02 Downstream of Saukville WWTP
MLR03
Highway T (Lakefield Drive)
MLR06
State Highway 167, Mequon
MLR01

TSS (mg/L)
Median Min
Max

Total Phosphorus (mg/L) Fecal Coliform (CFU/100 mL)
E. coli (MPN/100 mL)
Median Min
Max Median Min
Max
Median Min
Max

9.1

2.3

23

0.089

0.029

0.21

160

24

21

170

25

8300

10
6.8
12

1.2
1.7
1.9

22
38
260

0.084
0.088
0.093

0.026
0.025
0.022

0.19
0.19
0.61

150
180
19

7
14
35

21
21
28

160
135
210

20
12
20

2100
1085
13000

Habitat Assessments
A qualitative habitat assessment was completed by the Department and staff from Riveredge Nature Center
at the Lakefield Road station on the Milwaukee River in August 2019 (Appendix E). The assessment at
Lime Kiln Park, upstream of Lakefield Road, could not be completed due to weather conditions that led to
dangerous flow rates deemed unsafe for wading. The habitat assessment procedure was tailored to the
Milwaukee River region for physical characteristics and water quality parameters, with an emphasis on fish
habitat features (e.g., undercut banks, woody debris, pool versus riffle versus run), and aligned with
Wisconsin specific procedures outlined in Lyons (1992), Simonson et al. (1993), and Wang et al. (1998)
(WDNR 2001). Instream attributes were evaluated at four equidistant points in addition to wetted points on
both left and right banks at 10 transects along with riparian habitat features within the 800-meter station.
Both physical and visual measurements were used to generate an inclusive score that correlates to the
quality of habitat conditions.
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Substrate composition was measured at four equidistant sample points and each bank along each transect.
A 0.30 m x 0.30 m sampling quadrant placed on the stream bottom was used to make estimates of substrate,
to the nearest 5%, at each sample point. Substrate was classified according to the Wentworth scale (Table
8) (Cummins 1962).
Table 8. Modified Wentworth classification of substrate (Cummins 1962).

Substrate diversity per sampling station was analyzed using the Shannon Diversity Index. This index
accounts for substrate diversity and evenness within the sample station. Scores were calculated using the
formula:
H’ = ∑ -pi[ln(pi)]
where pi is the proportion of the substrate type in the sample that belong to sample i (Morin 1999). Values
for each substrate type represent average abundance in the station. The sum of all values (H’) increases as
substrate richness increases.
Percent instream cover for fish was measured to the nearest 0.05 m across the transect line and within 0.15
m above and below the transect line. Fish cover included any objects, channel features, or bank features
that provide visual isolation, shelter, and current relief for fish. Commonly encountered types of fish cover
included: undercut banks, woody debris, submerged tree roots, boulders or cobble stones, submerged or
emergent aquatic macrophytes, and submerged terrestrial vegetation.
Bank erosion was identified as the length of bare soil on each stream bank of each transect and within 1.0
m of the stream at normal flow conditions. Bank erosion was measured with a meter stick to the nearest
0.05 m.
The width of the riparian buffer (the continuous undisturbed natural land) was visually estimated at each
transect line to the nearest meter up to 10 m from the water’s edge on each bank. The composition riparian
habitat within this 10 m buffer was visually estimated at each transect and classified as grasses, shrubs,
trees, or disturbed (i.e. rip rap, mowed).
Habitat assessments were completed by a team of four people during a period of normal to low flow. Data
was documented in the field using a standardized data sheet (Appendix A). All raw data was entered into a
MS Excel workbook. All field data sheets are stored in the Department office.
Sinuosity and the riffle:riffle/bend:bend ratio was determined using Google EarthPro. Sinuosity was
calculated by measuring a 1,000 m segment of the stream – which includes sampling station – and dividing
by the distance of a straight line between the start and end point of the segment. The riffle:riffle/bend:bend
ratio is the average distance, in meters, between either riffles or bends located in the sampling station and
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then divided by the mean stream width. As the entire reach lacked well-defined breaks between riffle
habitats and included only one bend, a segment longer than 1,000 meters (which included the study reach)
was measured in order to capture two bends and compute the bend:bend ratio.
Stream channelization percentage and age of channelization was determined using public access
orthophotos of Ozaukee County, ranging in date from 1980-2015 (Ozaukee County 2020a).
Width:depth ratio was also evaluated after completion of field data collection. Normal stream width and
depth data recorded at each transect were averaged and the resulting value is indicative of the overall stream
channel morphology at the surveyed station.
The collected habitat data was analyzed using the rating systems designed for Wisconsin streams by
Simonson et al. (1993) and Wang et al. (1998). The Simonson protocol weighs more heavily on instream
fish habitat characteristics, such as depth, substrate, and riffle:riffle/bend:bend ratio, while the Wang
approach emphasizes the physical features of a stream (e.g., sinuosity and channelization). Both systems
assign a score for instream fish cover (Table 9). Each feature is assigned a numeric value, and the sum of
the scores correlate to a qualitative rating indicative of the current state of fish and riparian habitat (Table
10).
Table 9. Habitat features used to assess instream and riparian habitat based on the Simonson (1993) and
Wang (1998) Wisconsin-specific habitat rating systems.
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Table 10. Scoring systems for:
a) Simonson (1993) habitat rating system for streams greater than 10m wide.

b.) Wang (1998) scoring system for Wisconsin streams.

Discrete Water Quality Measurements during Habitat Assessments
Water velocity was measured at each transect using a Global Water Flow Probe (Model # FP111) and
recorded on the field data sheet (Appendix B). Water velocity was taken in the thalweg by holding the flow
meter at a depth of approximately 60% of the total water depth and recorded in feet/second. Conductivity
(µs/cm), dissolved oxygen (ppm), pH, salinity (ppt), temperature (oC), total dissolved solids (ppm), and
turbidity (FNU) were measured in the thalweg at the beginning (downstream end) of the station using a
Hanna handheld multiparameter instrument (Model # HI9829).
Calibration of the Hanna multiparameter instrument was conducted prior to use each day with a reference
checks performed. The reference check included testing dissolved oxygen, pH, and conductivity against a
known standard. Calibration was performed if a reference check was outside the acceptable range provided
by the instruction manual (Table 11).
Table 11. Acceptable range of parameter values compared to the known standard measured by the Hanna
multiparameter instrument (Model #HI9829).
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All collected habitat and water quality data was entered electronically into a Microsoft Excel workbook and
stored in digital form on the County network drive that is backed up daily. The field data sheets containing
the measurements were stored in the Department office.

Lakefield Road Station
The qualitative result of the Simonson rating system reflects the physical morphology of the of the surveyed
800 meter stream reach: it was a fairly shallow (captured in the low maximum thalweg depth score),
continuous stream run (Table 12, Figure 21a). The unaltered stream corridor adjacent to the Milwaukee
River at the Lakefield Road location greatly contributed to the high score achieved by the Wang habitat
rating system (Table 12, Figure 21b).
Table 12. Metrics and scores based upon the Simonson (1993) and Wang (1998) rating systems for the
Lakefield Road habitat assessment station on the Milwaukee River, Ozaukee County.
Lakefield Road
Mean Depth (m)

0.49

SE Mean Depth

0.01

Mean Width (m)
SE Mean Width

44.18
3.58

Width:Depth Ratio

90.69

Std. Dev. of Thalwag Depth (m)

0.12

Score (Wang et al. 1998)

2

Max. Thalwag Depth (m)

1.02

Score (Simonson et al. 1993)

16

Bank Erosion (m)

0.0

SE Bank Erosion

0.0

Bank Erosion (%)

0.0

SE % Bank Erosion

0.0

Score (Wang et al. 1998)

10

Bank Stability (%)

100.0

Score (Simonson et al. 1993)

12

Riparian Buffer Width (m)

10

SE Riparian Buffer Width

0

Buffer Vegetation (%)

100.0

SE Buffer Vegetation

7.52

Score (Wang et al. 1998)

10

Rocky Substrate (%)

66.17

SE Rocky Substrate

6.80

Score (Simonson et al. 1993)

25

Fine Sediments (%)

33.83

SE Fine Sediments

6.29

Instream Cover For Fish (%)

33.83

SE Instream Cover

2.86

Score (Simonson et al. 1993)

25

Score (Wang et al. 1998)

25

Riffle:Riffle/Bend:Bend Ratio

47.36

Score (Simonson et al. 1993)

0

Pool Area (%)

0
1.54
10

Sinuosity
Score (Wang et al. 1998)
Channelization (%)

0

Score (Wang et al. 1998)

10

Channelization Age (Years)

Natural

Score (Wang et al.1998)

25

Total Score (Simonson et al. 1993)

78

Rating

Good

Total Score (Wang et al. 1998)

92

Rating

Excellent

** Calculated Bend:Bend Ratio
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Figure 21. Contribution of assigned scores for each measured instream or riparian habitat attribute per
Simonson (1993) and Wang (1998) scoring systems for the Lakefield Road stream reach assessed in 2019.
a.) Results of the Simonson habitat scoring system.

b.) Results of the Wang habitat scoring system.

The composition of the substrate layer can be further analyzed using the Shannon index. Typical values are
generally between 1.5 and 3.5, with higher scores indicating greater richness and evenness as the
community increases. A score of 1.0 indicates all substrate size classes have the same frequency. The
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Lakefield Road reach scored 1.58, signifying a fair amount of richness of substrate size-classes present and
differing values between the means of the proportions of each size-class (Table 13, Figure 22).
Table 13. Proportion of substrate composition and Shannon Diversity score at the Lakefield Road stream
reach of the Milwaukee River, Ozaukee County.

Figure 22. Proportion of substrate composition and Shannon Diversity score at the Lakefield Road stream
reach of the Milwaukee River, Ozaukee County.

The steady water velocity measured across nearly the entire wetted width at the Lakefield Road reach
generally confined the fine substrates to either stream bank. The majority of fine substrates were measured
at the sample points along each transect line that fell closest to the stream banks. The mid-channel was
primarily rocky, with cobble and pebble being the most commonly encountered size-classes (Figure 23).
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Figure 23. Average percent substrate composition at each sample point across the 10 transects at the
Lakefield Road stream reach of the Milwaukee River, Ozaukee County.

Lime Kiln Station
Although not assessed extensively due to record amounts of precipitation that resulted in high stream flow
discharges and un-wadable conditions, visual observations of the Lime Kiln station suggest a good habitat
rating and a potential reach for future Lake Sturgeon spawning. Detailed results of substrate composition
are presented in the “Side-Scan Sonar Results” section of this report. Water quality data collected at this
station from the Department’s 2012-2014 study along with data collected by MMSD upstream of this reach
from 2017-2019 indicate potentially suitable abiotic conditions for Lake Sturgeon egg incubation and larval
development; however, additional water quality monitoring is needed in the spring and early summer
months to determine if the water temperature and dissolved oxygen levels are suitable for embryo
development.

Lakefield Road Habitat Comparison
Lakefield Road was selected as a habitat assessment site as this reach was assessed in the 2006 WDNR
study and the location is publicly accessible, wadable, and was indicated as likely to contain Lake Sturgeon
spawning habitat through the remote analysis portion of the first half of this project. This site has only been
accessible to migratory Lake Michigan fishes since the fishway was built at the Mequon-Thiensville Dam
in 2010. Utilizing the data provided in the 2006 “Lake Sturgeon Rehabilitation in the Milwaukee River”
report (WDNR 2006) allowed for the comparison of attributes measured in 2006 and 2019 replicating the
same methodology (Simonson et al. 1993) which also included the same station length and number of
transects (Appendix D). This comparison illustrates how variability in water depth and improvement in
riparian features, due to vegetative growth, influenced the overall qualitative score. In 2003, the surveyors
determined the riffle:riffle ratio while in 2019 the bend:bend ratio was calculated based on
orthophotography as the entire reach was a classified as a run (e.g., water was not low enough to measure
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between specific patches of riffles in the field). Examination of the maximum thalweg depth between years
infers the stream was deeper when surveyed in 2019 than in 2003, and the Simonson rating system assigns
a higher numeric value with increasing maximum thalweg depth (Figure 24). Additionally, increased water
depth implies a fuller stream channel, with less bare soil on stream banks was exposed. The increased depth
and quantity of bare streambanks was captured in the 2019 field measurements, resulting in a higher
percentage and subsequently higher score for bank stability (Figure 24, Appendix F). Ideally, the
establishment and growth of vegetation along the bank and in the riparian buffer occurring during the 16
years between surveys should result in stream bank stabilization and reduced erosion.
Overall, the Milwaukee River is generalized as a medium gradient stream. Small stream gradient changes
are vital to the life history of a Lake Sturgeon as pool and deep run features serve as refuge for juveniles
and habitat for overwintering adult fish (WDNR 2006). Forested buffers along river banks assist in
maintaining the pools and runs through bank stabilization and by capturing runoff that often includes fine
sediments. Land use within the watershed can impact the vigor and effectiveness of riparian buffers; in
regions dominated with agriculture, the vegetation within the buffer zone is responsible for filtering
sediments, nutrients, and pesticides, all of which can be detrimental to the vegetation. Loss of plant cover
destabilizes stream banks, leading to premature bank erosion and increased sedimentation. Similarly, as
development occurs over time and a landscape becomes urbanized, forested buffers may be removed and
replaced with herbaceous vegetation that is less effective in holding soil and bank stabilization.
Additionally, the increase in impervious cover creates increased rates and amounts of runoff which then
increases erosion (Allan et al. 1997, Bernhardt and Palmer 2007, Goetz 2006, Naiman and Decamps 1997,
Wahl et al. 2011). Natural growth of grasses and trees along the Milwaukee River at the Lakefield station
over the course of time is extremely beneficial to Lake Sturgeon and other lithophilic spawners in that it
aids in premature bank erosion and sedimentation of the rocky substrate and any incubating eggs.
Several metrics needed to calculate the Wang fish habitat score for 2003 were not provided in the WDNR
paper, including standard deviation of the thalweg depth, percent buffer vegetation, and sinuosity.
Therefore, it was not possible to provide an accurate comparison of score contributions for this rating
system (Appendix F).
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Figure 24. Comparison of contribution of assigned scores for each measured instream or riparian habitat
attribute per Simonson (1993) scoring system for the Lakefield Road stream reach assessed in 2003 and 2019.

Side-Scan Sonar Sediment Classification Results
Data collected from habitat inventories was analyzed using SonarTX, a software program that uploads and
stitches sonar image files and waypoints and then converts the data to an ArcMap 10.5 compatible file type
via georeferencing the recorded GPS locations (Figure 25). In ArcMap, the data was segmented into
categories based on substrate diameter and roughness to create a bank-to-bank coverage bathymetric map.
Polylines were drawn around areas of large coarse material, finer textured material, and soft materials from
the raw images. Polygons were created around substrates and assigned to mutually exclusive classes based
upon observed size and texture. The results were used to generate maps (Figure 21) numbered from the
southern end (Figure 26a) to the northern most reach (Figure 26f). Surveyed reaches of Cedar Creek are
presented in Figures 26g-h.
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Figure 25. Example of geolocated sonar on the Milwaukee River in Ozaukee County prior to sediment
classification. The black shading represents the stream bank and inundated riparian zone, the middle parallel
lines include the bottom and edges of the kayak, and the shaded gold region is the substrate of the river.
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Figure 26. Sediment classification maps.
a.) Milwaukee River: County Line Road to upstream of Donges Bay Road

48

b.) Milwaukee River: Donges Bay Road to Riverview Drive
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c.) Milwaukee River: Park Crest Drive to Villa Grove Road
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d.) Milwaukee River: Villa Grove Road to upstream of Highland Road
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e.) Milwaukee River: Highland Road to downstream of Pioneer Road

52

f.) Milwaukee River: downstream of Pioneer Road to downstream of Lakefield Road
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g.) Milwaukee River: Lakefield Road to Upstream of Falls Road
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h.) Cedar Creek: Confluence to High Forest Drive
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i.) Cedar Creek: High Forest Drive to upstream of Lakefield Road
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Accuracy Measurement
Substrate classification was verified for accuracy using data collected for the Great Lakes Restoration
Initiative grant study “Monitoring to Address 7 of 11 BUI’s – Milwaukee River Estuary AOC Task 3:
Sediment Contamination Sampling” (Struck et al. 2015b) From this report, 1130 individual sediment data
points were compared to the sediment polygons delineated from the sonar data. Of those points, 886 were
located in the correct polygon resulting in a 78.4% accuracy rate. The total area and percent of sediment
categories within the project area were derived from the same sediment polygons (Table 14).
Table 14. Results of sediment classification from sonar imagery of the Milwaukee River and Cedar Creek in
Ozaukee County and HSI scores for egg and spawning adult Lake Sturgeon.
Sediment Type

Area (ft2)

Percentage
of Total

HSI
Score

Sand/Silt
Clay
Gravel
Cobble
Boulder
Bedrock
Woody Debris
Unclassified

7,747,863.7
2,786.5
6,924,752.1
10,649,713.2
341,608.7
51,783.4
214,098.8
209,667.3

29.64%
0.01%
26.49%
40.74%
1.31%
0.20%
0.82%
0.80%

0
0
0.5
1
1
0.3
0
0

Bathymetric Mapping
A bank-to-bank bathymetric map was created using water depth information measured by the transducer
below the boat during SSS data collection and post-processing georeferencing. Two separate passes were
performed within each stream reach to permit the overlay of images and omit obstructions. ArcGIS was
utilized to create and overlay contour lines from the points of equal depth onto a raster image. Maps of the
surveyed reaches are located in Appendix H.

Habitat Suitability Index
Daugherty et al. (2008) evaluated substrate composition, water depth, and water velocity at multiple
sampling locations in Northeastern Wisconsin along with a review of available literature regarding Lake
Sturgeon habitat requirements. From this, composite models for each habitat variable were created. These
models were reclassified into a habitat suitability index (HSI) for each life stage. HSI values range from 0
to 1: a value of 0 indicates unsuitable habitat, values ranging between 0 and 0.7: spawning adult to egg,
larval to juvenile, and staging adult fish. Values of 0.8 to 1 are considered high quality habitat (Table 15).
In total, over 26.1 million square feet of substrate within the scanned reaches of the Milwaukee River and
Cedar Creek was mapped and classified. Results from the sediment imagery reveal 42% (approximately 11
million square feet) of the stream reaches contain the ideal spawning and egg incubation habitat (Table 16).
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Table 15. Input values for the identification of optimal, marginal, and unsuitable habitats for riverine life
stages of Lake Sturgeon (Daugherty et al. 2008).
Life Stage
Egg/Spawning Adult

Habitat Variable

Suitability Index

Source

Substrate
Clay
Silt
Sand
Gravel
Cobble
Boulder
Bedrock

0
0
0
0.5
1
1
0.3

Threader et al. (1998)
Threader et al. (1998)
Threader et al. (1998)
Threader et al. (1998)
Threader et al. (1998)
Threader et al. (1998)
Threader et al. (1998)

Stream gradient (m/km)
> 1.0
0.6 - 1.0
0.3 - 0.59
0.0

1
1
0.5
0

Hay-Chmielewski and Whelan (1997)
Hay-Chmielewski and Whelan (1997)
Hay-Chmielewski and Whelan (1997)
Hay-Chmielewski and Whelan (1997)

Substrate
Clay
Silt
Sand
Gravel
Cobble
Boulder
Bedrock

0.2
1
1
1
0.8
0.5
0.2

Threader et al. (1998)
Threader et al. (1998)
Threader et al. (1998)
Threader et al. (1998)
Threader et al. (1998)
Threader et al. (1998)
Threader et al. (1998)

Stream gradient (m/km)
> 1.0
0.6 - 1.0
0.3 - 0.59
0.0

0
1
0.9
0.5

Benson et al. (2005)
Benson et al. (2005)
Benson et al. (2005)
Benson et al. (2005)

Water depth (m)
< 0.5
0.5 - 1.9
2.0 - 4.0
4.0 - 7.9
8.0 - 14.0
> 14.0

0
0.8
0.9
1
0.5
0

Threader et al. (1998)
Threader et al. (1998)
Threader et al. (1998)
Threader et al. (1998)
Threader et al. (1998)
Threader et al. (1998)

Geographic constraint
> 0.5 rkm of habitat
< 0.5 rkm of habitat

1
0.9

Benson et al. (2005)
Benson et al. (2005)

Larval/Juvenile

Staging Adult
Water depth (m)
< 2.0 m
> 2.0 m

2
1

Bruch and Binkowski (2002)
McKinley et al. (1998), Bruch and
Binkowski (2002)

Geographic constraint
< 3 km from potential spawning habitat
> 3 km from potential spawning habitat

1
0

Bruch and Binkowski (2002)
Bruch and Binkowski (2002)
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Table 16. HSI scores for egg and spawning adult Lake Sturgeon compared with the area (square foot) and
percentage of habitat within each score category in the surveyed reach of the Milwaukee River in Ozaukee
County.
HSI
Score

Area (ft2)

Percentage

0
0.3
0.5
1

8,174,416.3
51,783.4
6,924,752.1
10,991,321.9

31.27%
0.20%
26.49%
42.04%

Effects of Pollutants on Lake Sturgeon
As lotic ecosystems are located in the lowest elevation of a landscape, land use perturbations easily modify
the structure and function of the aquatic environment. The northern region of the Milwaukee River and
tributaries has experienced loss of forested lands and wetlands due to agricultural practices and
development due to the growing population of Ozaukee County (SEWRPC and OCPPD 2008). Landscape
perturbations, particularly in the form of deforestation, negatively alters the flow of energy and nutrients
through the environment. Increased rates of surface runoff associated with agricultural practices and
urbanization carry a multitude of pollutants and sediments into a river, decreasing biodiversity (Bernhardt
and Palmer 2007, Meyer et al. 2005, Paul and Meyer 2001, Wang et al. 2001).
Results of the discrete water quality monitoring at the Falls Road water sampling station revealed levels of
nitrogen, including ammonia, TKN, total nitrate, and total nitrogen, and phosphorous above USEPA and
Wisconsin recommendations to sustain aquatic life in a lotic environment (Figures 11-16). The Lake
Sturgeon rehabilitation strategy presented by the Michigan DNR recommends the reduction of both
nutrients and sediment loading to the lowest possible level (Hay-Chmielewski and Whelan 1997).
Sedimentation at the Falls Road/Lime Kiln Park and Lakefield Road reaches is not abundant due to the
stream channel gradient and fast-flowing water. However, the measured concentrations of the nitrogen
compounds and total phosphorous may directly impact larval development and growth, food source for
growing juveniles, and the future development of reproductive organs.
The effects of nitrogen and phosphorus concentrations on Lake Sturgeon eggs and larval development in
rivers are not well known. Ammonia is toxic to fish and other forms of aquatic life, damaging tissue at the
cellular level. At concentrations of 0.2 mg/L, fish species sensitive to pollutants are generally not found;
additionally, the toxicity of ammonia increases with increasing water temperature and pH (Levit 2010).
Three of the five water samples taken between 2012-2014 at Falls Road exceeded 0.2 mg/L (Figure 12);
however, all three of these samples were collected in late summer or fall months. Additional sampling is
needed during the late spring and early summer months when Lake Sturgeon spawn to determine if nutrient
concentrations could be detrimental to egg development and/or larval growth.
Juvenile Lake Sturgeon feed upon small benthic and drifting invertebrates (Nilo et al. 2006). These
organisms can accumulate toxins within their organic tissues that can then be consumed by the growing
juvenile fish. As harmful compounds accumulate in the developing fish tissue, it may impair growth and
functioning of reproductive organs (Hay-Chmielewski and Whelan 1997). The effects of flame-retardant
chemical compounds including, but not limited to, PCB, PBDE, and TCDD have been determined to
interfere with thyroid hormones, impacting growth and ability to imprint on birth waters with Lake Sturgeon
and other Acipenser species are more sensitive than the Scaphirhynchus sturgeon species (Tillitt et al. 2017,
Williams and Schrank 2015). Acipenser species also demonstrate a greater sensitivity to ammonia, nitrite,
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herbicides, and pesticides, pollutants commonly found in agricultural runoff (Kerr et al. 2011). However,
it is not known if these pollutants could interfere in developmental processes in less than lethal
concentrations.

Education and Outreach
The Department has presented results of previous research and side-scan sonar methodology in-person and
via poster display at the Ozaukee County Fair and Sturgeon Fest in Milwaukee, Wisconsin, since 2019. An
overview of the project was posted on the Fund for Lake Michigan website in 2018
(https://fundforlakemichigan.org/project/mapping-lake-sturgeon-habitat-in-the-milwaukee-river/).
An
abstract was posted on the WDNR website following the 2018 WDNR River Protection Planning grant
award (https://dnr.wi.gov/lakes/grants/Project.aspx?project=158318962), River Protection Management,
and Office of Great Waters awards. Additionally, the project was presented at the Southeastern Wisconsin
Conservation Summit at the Forest Beach Migratory Preserve November 2, 2019, and the 2019 Clean
Rivers, Clean Lake Conference on November 14th, 2019.
Due to COVID-19 (from 2020 – 2021), education and outreach opportunities were limited to online
communication only. The Department updated information to the County website regarding the study
background and methodology (https://www.co.ozaukee.wi.us/2621/Lake-Sturgeon-Habitat-SonarAssessments). Paul A. Smith of the Milwaukee Journal Sentinel newspaper interviewed Department staff
and observed data collection in early July 2019; he published the article “Milwaukee River mapping seeks
possible sites for sturgeon to spawn,” which features photographs of data collection, in the Milwaukee
Journal Sentinel on July 13, 2019. A follow-up article, “Return of Milwaukee River sturgeon a hopeful
milestone” by Smith was published on April 10, 2021 in the Milwaukee Journal Sentinel.
This study was included in the SEWRPC “Community Assistance Planning Report No. 38 – A Land and
Water
Resource
Management
plant
for
Ozaukee
County
2021-2030”
(https://www.sewrpc.org/SEWRPCFiles/Environment/LandWaterResourceManagementPla/capr-338-OZCounty-Land-and-Water-Resource-Management-Draft.pdf). Additionally, it was described in the WDNR
“Remedial Action Plan Update for the Milwaukee Estuary of Concern” August 2020 report in Appendix F:
Degradation
of
Fish
and
Wildlife
Populations
Project
Summary
(https://widnr.widen.net/content/hiv5ww5fjf/pdf/GW_MKE_RAP2018-2019.pdf).

Lessons Learned
Given that side-scan sonar is a relatively new technology for habitat mapping applications, Department
staff gained experience and knowledge as the project was completed. The lessons learned include:
Ensure sonar recording quality: The accuracy of sediment classification is dependent entirely on the quality
of the recorded sonar data. The process of recording sonar data takes much less time than the processing
and classification of that data, so repeating the recording process until quality data is recorded can save
many hours and increase accuracy later in the project.
Water depth is important: Side-scan sonar recording trips should be taken at the highest water level that is
still safely navigable. The deeper the water, the larger the range of recording is. Also, shallow water can
create larger shadows behind objects, which can obscure larger portions of the riverbed.
Keep the boat smooth and straight: Sharp turns while recording sonar can stretch out the sonar image when
it is geolocated. Waves on the water surface can also distort the sonar image and make classification much
harder. Wind forecasts should be checked in advance to avoid windy conditions. If the body of water has
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high recreational use, the start time of the survey should be adjusted to avoid choppy water caused by other
boats.
Take notes during sonar recording when you can confirm sediment classification: While recording sonar,
take as many notes as possible to review when classifying sonar. A good example is to note a large bed of
underwater vegetation, as this can be confusing when classifying the sonar later.
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Project Recommendations
Location

Milwaukee County

Action

Duplicate sonar study in
Milwaukee County

Benefits

Notes
In order to understand the complete
Map the entirety of habitat available
picture of available habitat in the
to Lake Sturgeon in the Milwaukee
Milwaukee River, the sonar study should
River. Map would also be valuable for
be continued from County Line Road in
other species related habitat
Ozaukee County to the mouth of the
restoration projects.
Milwaukee River.

Construct Lake Sturgeon
Spawning "Reef"

Using the results of the sonar study and
knowledge of stream gradient, the Lime
Kiln area of the Milwaukee River can
support the proper conditions for Lake
Construct ideal Lake Sturgeon
Sturgeon spawning. Adding a designed
spawning habitat in an area known
Lake Sturgeon spawning "reef" in this
to be silt free, and
location will serve as a pilot project in
accessible/viewable from public park
the Milwaukee River to attract spawning
land.
Lake Sturgeon to a publically accessible
location. This would provide habitat
benefits as well as educational benefits
for the public.

Ozaukee County - Thiensville River Construct Lake Sturgeon
Walk Spawning "Reef"

Applying the results of the sonar study
and known stream gradient, the reach of
the Milwaukee River immediately
Construct ideal Lake Sturgeon
downstream of the Mequon-Thiensville
spawning habitat in a silt-free stretch Dam provide ideal conditions for Lake
that is accessible/viewable from
Sturgeon spawning. Adding a designed
public park land
Lake Sturgeon spawning "reef" in this
location to attract spawning fish to a
publicly accessible location and provide
wildlife habitat and educational benefits.

Ozaukee County - Lime Kiln Park

Add native
Impoundments or slow water areas submergent/emergent
vegetation

Ozaukee County

Enhance vegetated riparian
buffer

- Improve nursery habitat
- Increase DO levels
- Decrease water temperature

- Filter runoff
- Prevent erosion
- Decrease TDS, pollutants
- Decrease water temperature
- Improve fisheries

- Promote fish passage from
Kletzch Park Dam to upstream
Remove impediments or
Kletzsch Park, Glendale
reaches
install fish passage features
- Improve fisheries
- Increase water depth and flow

Adding floating vegetation "rafts" or
establishing native vegetation in areas
where water temperature and water
quality are determined to be unfavorable.
This will improve the nursery habitat and
survivability of young of year Lake
Sturgeon as well as benefit other native
species.
- Adequate room for riparian buffer
restoration
- Lake of shading increases water
temperature
- Runoff inputs from streets and parking
lots
- Dam may prevent or limit migration
- Flush fines downstream
- Increase areas of staging and
spawning habitat

The ability to pinpoint and address
Updated and focused water Identify any water quality issues that
possible water quality issues that
Ozaukee County quality study in areas ideal may prevent the successful
prevent high quality habitat from being
for Lake Sturgeon spawning spawning of Lake Sturgeon
used to the full potential
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Location

Action

Add various size rocky
substrate in areas prone to
Ozaukee County erosion

Lincoln Park Oxbow - Milwaukee
County

Estabrook Falls and Fish Passage

Ozaukee County - Brown Deer

Benefits
Notes
- Improve substrate diversity
- Variety of interstital space sizes
- Increase fish habitat
needed are ideal for incubating eggs
- Add spawning habitat
- A robust riparian zone will decrease
- Limit erosion and limit the
stream bank erosion and runoff from
introduction of fine sediment into the impervious surfaces
river
- Increases shading

Design and implementation
of habitat improvements in
- Improve substrate diversity
the Lincoln Park Oxbow
- Increase fish habitat
reach of the Milwaukee River
- Add spawning habitat
to address the Degradation
of Fish and Wildlife
Populations BUI

Habitat improvement projects throughout
the watershed can promote a variety of
Lake Sturgeon life stages, including
nursery and juvenile habitat

Design and implementation
of an aquatic life bypass
through or around Estabrook
Falls and planning-level
analysis and identification of
potential alternatives to
address potential barriers to
fish and wildlife passage at
the former Schlitz Ice Dam
and former North Avenue
Dam.

Fish passage projects should be a
- Promote fish passage to upstream
priority, as they allow Lake Sturgeon to
reaches
more easily reach the over 10,000,000
- Improve fisheries
squared feet of spawning habitat located
- Increase water depth and flow
in Ozaukee County.

Construct Lake Sturgeon
Spawning "Reef"

Construct ideal Lake Sturgeon
spawning habitat in a silt-free stretch
that is located near cooperating land
owners (possibly the YMCA
property)

Applying the results of the sonar study
and known stream gradient, the reach
near the YMCA in Brown Deer could
provide a location for Lake Sturgeon
spawning.

Conclusions
Studies completed by the Department and partnering organization have generated initial baseline water
chemistry, nutrient, and pathogen data and detailed information regarding the current state of the physical
instream habitat for a reach of the Milwaukee River in Ozaukee County. Additional continuous and discrete
water quality monitoring is needed to establish a more robust baseline for this system, including
investigation of dissolved oxygen concentration and water temperature during the spring and early summer
months. The analysis provided does not account for comprehensive temporal or spatial differences, limiting
its applicability to all seasons and climate conditions.
The WDNR Milwaukee River Lake Sturgeon habitat study (WDNR 2006) concluded, at the time, the Lower
Milwaukee River has the ability to support the various life stages of Lake Sturgeon based upon the current
water quality. While the high levels of ammonia, total nitrogen, and total phosphorus detected in the 20122014 samples may be a result of drainage from the surrounding agricultural landscape, further studies are
needed to correlate land use, water quality parameters, and effects on Lake Sturgeon reproduction rates.
Additional data collection and further analysis will greatly assist in trend monitoring and management
practices that can improve both water and habitat quality. The development of TMDL and subsequent water
quality monitoring conducted by MMSD (2018, 2020) concluded that pollutant loadings (TSS, total
phosphorous, fecal coliform, E. coli) increased substantially during wet weather and was often greater than
the increase in discharge; implementation of BMPs and strategies aimed at mitigating phosphorous,
sediment, and bacteria loading is necessary in order to meet TMDLs and delist the Milwaukee River.
The completed habitat assessment at Lakefield Road, along with visual observations and sonar imaging of
the Lime Kiln reach, suggests there are potentially several reaches of suitable Lake Sturgeon spawning and
nursery habitat in the Milwaukee River in Ozaukee County. The “good” habitat rating at Lakefield Road,
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along with the sediment classification resulting from the SSS imaging, implies this reach may potentially
support a diverse fish community based on the physical features. Ensuring Lake Sturgeon can migrate
upstream and downstream and past any potential impediment or barrier to fish passage is crucial in the
anticipation of the return and spawning of this species. The removal or remediation of five impediments on
the Milwaukee River, including the Lime Kiln Dam removal and the creation of the Mequon-Thiensville
Fishway and subsequent fish passage modifications for Lake Sturgeon, can permit Lake Sturgeon to reach
suitable spawning habitat located within Ozaukee County. As rehabilitation of the Lake Sturgeon
population is dependent upon successful spawning, it is imperative to identify and lesson stressors that may
impact egg viability and survival, larval development and growth, and migration of both juvenile and adult
fish.
The preliminary substrate assessment, bathymetric mapping, and application of the HSI are an important
part in the larger goal of establishing a self-sustaining population of Lake Sturgeon in the Milwaukee River
and Lake Michigan system. The material contained in this report, which includes a review of previous Lake
Sturgeon Habitat research, a summary of removed impediments on the Milwaukee River, a remote analysis
of the Milwaukee River, a physical habitat assessment at a specific site on the Milwaukee River, SSS-based
substrate classification, bathymetric mapping, and utilizing Lake Sturgeon HSI in GIS, will provide the
natural resource community with vital information needed to identify, prioritize, and design and engineer
Lake Sturgeon habitat restoration projects prior to spawning activities of the 2006 cohort. This
comprehensive information will also benefit organizations when prioritizing instream and riparian
management projects in the Milwaukee River corridor.
The results of the side-scan sonar classification (Table 17) indicate that the Milwaukee River and Cedar
Creek contain 10,991,321 square feet of good habitat for Lake Sturgeon spawning. This comprises 42.04%
of the project area and indicates that the Milwaukee River and Cedar Creek have water flow capable of
maintaining patches of suitable spawning substrate. The presence of patches of cobble within the project
area indicate that potential Lake Sturgeon habitat projects will be able to maintain their quality without
being filled in with silt if placed correctly. Side-scan sonar classified 31.27% of the project area as being
poor habitat for Lake Sturgeon spawning. A large amount of this soft sediment was found in the
impoundment area of the Mequon-Thiensville Dam. Overall, the results of the side-scan sonar classification
are promising. A few focused habitat improvement projects in areas that can support good spawning habitat
and continued work on impediment removal and water quality monitoring should provide a bright future
for Lake Sturgeon in the Milwaukee River.
Table 17. Area and percent of area surveyed with associated Lake Sturgeon habitat HSI score.
HSI
Score

Area (ft2)

Percentage

0
0.3
0.5
1

8,174,416.3
51,783.4
6,924,752.1
10,991,321.9

31.27%
0.20%
26.49%
42.04%

Long-term collaborative efforts are essential for Lake Sturgeon rehabilitation. This study is exceptionally
timely in that it is predicated on both the historical and evolving research and technology in the fields of
stream ecology and fisheries biology. The Department’s effort focused on identifying and assessing the
preferred Sturgeon spawning and habitat nursery habitat, in conjunction with results of previous studies and
removal of fish passage impediments (e.g., Estabrook Dam removal, Lime Kiln removal, Mequon
Thiensville Dam fishway) and Lake Sturgeon HSI evaluation, will greatly assist in the current multiscale
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approach being utilized by partnering organizations to successfully rehabilitate the Lake Sturgeon
population of the Milwaukee River.
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Appendix A. Habitat Assessment Field Data Sheet
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Appendix B. Continuous Water Quality Data
a.) Mean daily measurements recorded by a continuous monitoring unit stationed at Falls Road near Lime
Kiln Park, Grafton, Wisconsin.

Dissolved 2011
Oxygen (% 2012
Saturation) 2013
2011
pH
2012
2013
2011
Conductivity
2012
(µS/cm )
2013
Temperature 2011
2012
(oC)
2013
2011
Water Depth
2012
(in)
2013

June
101.1
89.3

July
99.6
57.2

August
106.7

8.6
8.7

8.6
8.9

8.7
8.8

776.8
898.6

829.9
869.1

810.3
833.9

20.8
26.8

25.6
29.3

23.9
25.8

14.8
11.1

9.1
8.9

9.4
9.5

Month
September
111.1
107.7
9.1
8.9
7.7
887.4
978.4
822.8
20.3
19.6
19.2
6.3
6.9
14.3

October

November

99.7

92.3

8.8
7.6

9.1
7.5

889.4
800.1

867.5
736.1

11.1
12.5

4.2
5.5

12.5
16.6

12.2
22.0
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b.) Daily average maximum, minimum, and average values for each parameter measured by the
continuous monitoring unit from 2011-2013.
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Appendix C. Discrete Water Quality Sampling Results 2012-2014
Sampling occurred at the Falls Road sampling station on the Milwaukee River in Grafton.
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Appendix D. WDNR 2006 Milwaukee River Habitat Summary Table
and Ratings.
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Appendix E. Photographs of the Lakefield Road station on the
Milwaukee River, during the habitat assessment on August 29, 2019.
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Appendix F. Comparison of fish habitat rating metrics and scores at
Lakefield Road.
Components of the Simonson (1993) and Wang (1998) fish habitat rating systems
2003
Mean Depth (m)

2019
0.49

SE Mean Depth

0.01

Mean Width (m)
SE Mean Width

44.18
3.58

Width:Depth Ratio

90.69

Std. Dev. of Thalwag Depth (m)

0.12
2

Score (Wang et al. 1998)
Max. Thalwag Depth (m)
Score (Simonson et al. 1993)

0.71
8

1.02
16
0.0

Bank Erosion (m)

0.0

SE Bank Erosion
Bank Erosion (%)

48

0.0
0.0

SE % Bank Erosion
Score (Wang et al. 1998)
Bank Stability (%)
Score (Simonson et al. 1993)

6
58.9
4

10
100.0
12
10

Riparian Buffer Width (m)
SE Riparian Buffer Width

0

Buffer Vegetation (%)

100.0

SE Buffer Vegetation

7.52
10

Score (Wang et al. 1998)
Rocky Substrate (%)

80

6.80

SE Rocky Substrate
Score (Simonson et al. 1993)

25

6.29

SE Fine Sediments

11.9

Score (Wang et al. 1998)
Riffle:Riffle/Bend:Bend Ratio
Score (Simonson et al. 1993)

33.83
2.86

SE Instream Cover
Score (Simonson et al. 1993)

25
33.83

Fine Sediments (%)
Instream Cover For Fish (%)

66.17

16
2
3
12

25
25
47.36
0
0
1.54
10

Pool Area (%)
Sinuosity
Score (Wang et al. 1998)
Channelization (%)

0

0

Score (Wang et al. 1998)

10

10

Channelization Age (Years)

Natural

Natural

Score (Wang et al.1998)

25

25

Total Score (Simonson et al. 1993)
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78

Rating

Good

Good

Total Score (Wang et al. 1998)

92

Rating

Excellent

** Calculated Bend:Bend Ratio
N/A in Riffle:Riffle Ratio denotes zero riffles located at
sampling station
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Appendix G. Example bathymetric map of surveyed Milwaukee River
stream reach.
The remaining maps are attached as a GIS layer package due to space limitations.
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