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Introduction

Northern pike (Esox lucius) was once an ecologically and commercially important potamodromous fish
species in the Great Lakes Basin. Commercial harvest of northern pike in the Great Lakes declined from
1.6 million kg during the early 1900s to less than 0.05 million kg in the late 1960s (Baldwin et al., 1979).
Overfishing, destruction of habitat, water pollution, barriers to fish passage, and aquatic invasive species,
have been implicated as contributing to the decline of many Great Lake fish stocks, including northern
pike, walleye and lake sturgeon (Schneider and Leach, 1979). Spawning and rearing habitat destruction
and habitat fragmentation are the primary factors responsible for the long-term decline of northern pike
recruitment in the Great Lakes (Carlander et al., 1978). Habitat loss, especially wetland habitats, and the
construction of man-made barriers to remaining tributary habitat is especially acute along near-shore and
estuary areas located at the confluence of major tributaries where harbors for commerce and cities
developed, and where dams were constructed along estuary tributaries for hydropower. Fully developed
land uses, economic, social and environmental factors make efforts to restore the estuaries to their once
productive state prohibitive. Tributary dams and other barriers to fish passage are the most-obvious
impairments to creating more sustainable fish populations (Clapp and Horns, 2008). Viable northern pike
populations remain in the waters of Green Bay, in large part, because northern pike have access to
remaining, albeit reduced near-shore and tributary wetland habitat for spawning and early life stage
development.

Northern pike are similar to other depleted populations of native potamodromous species in the Great
Lakes. They possess expansive spawning migratory behavior to natal spawning tributaries and habitats,
and have limited swimming and leaping ability past natural and man-made obstructions. As such, they
are an ideal surrogate for developing management plans for sustainable populations of other ecologically
important species between the Great Lakes and their historical riverine habitats.

Background
The Milwaukee Estuary

Historical accounts indicate that northern pike and other potamodromous fish species including lake
sturgeon, walleye, suckers, muskellunge, trout, whitefish and catfish were once abundant in the
Milwaukee Estuary and near shore waters of Lake Michigan (Buck, 1876 and Gregory, 1931). The
distribution and abundance of northern pike and other potamodromous species was closely linked with the
hydrologic connection between Lake Michigan, wetlands in the Milwaukee Estuary and connecting
tributaries. Of the >150 fish species in the Great Lakes Basin, over 90% are dependent on wetlands for
part of their life history, and more than 75 species spend their summer months in wetlands (Jude et al.,
2005).

The Milwaukee Estuary once totaled over 2,600 ha of deep and shallow water marsh; and access to
hundreds of kilometers of rivers, tributary streams and thousands of hectares of wetlands (Figure 1).
Although detailed surveys on the bathymetric and vegetative surveys of the Estuary are lacking, we
assume that the deep water reaches of the three rivers, the Milwaukee, Menomonee and Kinnickinnic
Rivers, and diverse emergent and submergent beds of aquatic vegetation provided for juvenile and adult



life-stage requisites, and ultimately self-sustaining fish populations. The complex Estuary habitat also
included 16 km of drowned river; dynamic ebb and flow hydrology driven by lake seiche and wind; and a
1.2 km long barrier split located at the Lake Michigan and Estuary confluence that included deep to
shallow rock, gravel and sandy shoals, and water depths up to 12 m (Lapham).

Upstream of the hydrologic limits of the estuary over 40,000 ha of wetlands were present, many of them
riparian to tributary streams. The principal rivers and tributaries (larger than 3" order) were dominated by
pool and riffle features, moderately steep gradients (> 3 m/km) and formed in coarse alluvial substrates.
The middle and lower reaches of the Milwaukee and Menomonee River's included significant reaches of
steep pocket water formed over fractured dolomite escarpments. These brief reaches are typically deep
eddying pools dominated by large cobble-boulder material (Buck, 1876). Collectively, the basins near-
shore waters of Lake Michigan, estuary, and its connected wetlands and riverine habitat provided ample
habitat for all for all life-stages of potamodromous and fluvial fish, including phytophilic and simple
lithophilic spawners.

Figure 1. Pre-European settlement map and features of the Milwaukee Estuary and near-shore waters of
Lake Michigan. Source: S. Buck and Dr. L. Chase Map of Milwaukee 1835-36,
University of Wisconsin — Milwaukee Digital Library.
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The Decline of Fisheries in the Milwaukee Estuary

Beginning in the late-1800s, Milwaukee Estuary wetlands and connecting channels were dredged and
filled, and engineered embankments were constructed for developing commercial shipping and urban land
uses. In addition, thousands of hectares of riparian wetlands upstream of the estuary and accessible to
fish were drained or filled; rivers and tributaries were channelized, in particular in Milwaukee and
southern Ozaukee Counties. In 1847, the North Avenue Dam was constructed at river kilometer 5 (RK 5)
and terminus of the Milwaukee River portion of the estuary and served as a complete barrier to fish
passage. Between the late-1800s and 1939, an additional six dams were constructed on the Milwaukee
River between the Milwaukee River North Avenue Dam and the Village of Grafton Bridge Street Dam, a
distance of 52 km. By the mid-1960’s, over 3 km of concrete channel invert were constructed beginning
at the estuary terminus of the Kinnickinnic River and 1.3 km of the Menomonee River, creating a barrier
to fish passage in those watersheds. By the mid-1960’s, less than 1 ha of wetland habitat and less than 1
km of free-flowing riverine habitat were present and accessible to potamodromous fish from the near-
shore waters of Lake Michigan and the Milwaukee Estuary. While less imposing than the large river dam
structures and channel enclosures and concrete inverts, numerous culverts and bridge structures
constructed at smaller tributary road crossings further limit fish movement throughout the lower
Milwaukee River Basin. An inventory completed by Ozaukee County identified approximately 100 man-
made complete or effective fish passage barriers among 11smaller tributaries of the Milwaukee River and
Lake Michigan in Ozaukee County (Northern Environmental, Inc., 2006).

Modern-day evidence for degraded fish habitat and fish populations in the Milwaukee Estuary was
documented by Holey (1984). Using a variety of passive and active fishing gears that included monthly
capture replicates for March through October, the fish community was shown to be severely limited in the
Milwaukee Estuary. Fish species diversity in the Estuary was greatly reduced with only 23 native species
as compared to 60 species elsewhere in the Milwaukee River Basin. Thirteen of the 23 native species
were represented by 24 or fewer individuals. Common carp and white sucker dominated the catch and
biomass. Omnivores were dominant and top predators as Northern pike, walleye, large and smallmouth
bass, flathead and channel catfish were rare to very rare. Insectivores were dominated by lentic sunfishes,
most notably pumpkinseed. Wetland-dependent spawning species (phytophilic spawners) and species that
spawn on clean rocky substrates without parental care (simple lithophilic spawners) were also rare.
Annual WDNR electrofishing surveys since year-2000 of wadable and non-wadable reaches of the
Milwaukee estuary, the Milwaukee River and principal tributaries confirm that northern pike relative
abundance is low.

More recently, a local creel survey along the lower Milwaukee River and estuary indicated that catch
rates for northern pike are uncommon and incidental to fishing for other more common targeted species as
salmonids, smallmouth bass and walleye (Petersen and Hirethota, 2008). Creel survey results are
consistent with WDNR spring walleye survey observations in the Milwaukee Estuary, and WDNR
Wadable Stream and Non-Wadable Stream survey results such that northern pike are uncommon to rare
in the Milwaukee Estuary, lower Milwaukee and Menomonee Rivers (WDNR, 2010).

The Milwaukee Estuary Area of Concern (AOC) and Opportunities to Restore Habitat and Self-
Sustaining Fish Populations

The Milwaukee Estuary is one of 43 waterbodies designated as a Great Lakes Area of Concern (AOC).
Waterbodies are designated AOCs as a result of undergoing severe changes to their chemical, physical, or
biological uses and values. In order to be designated an AOC, a waterbody must have one or more of the
14 Beneficial Use Impairments (BUI) assigned it. The Milwaukee Estuary was identified in 1980 as



having 11 of the 14 BUIs, including loss of fish and wildlife habitat and, degradation of fish and wildlife
populations.

The Milwaukee Estuary AOC Remedial Action Plan (RAP) identified destruction of wetland habitat,
dredging, bulkheading of shorelines, fish passage barriers, contaminated sediment, and water quality
impairments from point and non-point sources of pollution as contributing to the loss of habitat and
degradation of fish and wildlife populations. Loss of fish and wildlife habitat and degraded fish
populations are the most common BUIs among the Great Lakes AOCs and are especially acute along the
lower reaches of rivers and once productive major estuaries where major cities and ports developed.

The original boundary of the Milwaukee Estuary AOC included the Milwaukee Outer Harbor bounded by
the Lake Michigan shoreline and harbor breakwater; and the Inner Harbor that comprised the three river
estuary reaches. The boundary of the AOC was expanded to include an additional 47 km of the
Milwaukee River upstream to and including a 8 km reach of Cedar Creek, at Cedarburg, Ozaukee County;
and an additional 26 km of the Menomonee River upstream to and including a 10 km reach of the Little
Menomonee River, at Milwaukee, Milwaukee County. The additional stream reaches added to the AOC
were a result of contaminated sediments. However, the loss of wetlands, the construction of dams and
other barriers to fish passage along these reaches do contribute to the loss of fish and wildlife habitat and
degraded fish populations throughout the original and modified AOC boundaries.

Opportunities for large scale restoration of habitat, fish abundance and diversity within the existing
footprint of the Milwaukee Estuary will be especially difficult due to competing economic, social and
technical barriers. For example, current land and water-based uses support billions of dollars of fully
developed riparian real estate and a viable commercial and recreational harbor.

Complex and connected habitats necessary for many native fish species life requisites and life stages are
no longer present. In particular, shallow water spawning through nursery habitats have been dredged and
their shorelines hardened. However, some areas of the Outer Harbor have deeper water habitats to support
submerged macrophytes. This habitat is suitable for many adult and juvenile fish species. Providing
spawning populations of fish access to remaining and restorable habitats along streams and wetlands
tributary to the estuary may be a cost-effective, environmentally sound and socially acceptable means of
re-creating sustainable fish populations in the Milwaukee Estuary.

Although the information presented in this report directly supports a management plan for restoring
sustainable populations of northern pike in the Milwaukee Estuary AOC, the information could also be
used in part to create or supplement existing management plans for other fish species in the Milwaukee
Estuary AOC (i.e., walleye). Northern pike is well suited as a surrogate for restoring other
potamodromous fish species for a variety of reasons: They are a native, relatively long-lived iteroparous
species with similar life history requirements (i.e., water quality); they require access to a variety of
complex seasonal life stage habitats; they are an important ecological and recreational species; they
exhibit strong spawning migratory behavior, and recent studies suggest they possess spawning and natal
site fidelity; and compared to other fish species, northern pike adults possess poor swimming and leaping
performance past barriers (Schwalme et al., 1985; Peake, 2008a and 2000b) such that designing features
to accommodate pike passage around barriers would greatly increase the probability that other fish
species with superior swimming and leaping performances, would be able to pass the same barriers.

This report is an initial effort to identify early life stage factors that contribute to northern pike
recruitment and ultimately the restoration of spawning populations in the Milwaukee Estuary AOC.
Those factors include: the status of northern pike spawning populations; the quality and quantity of
wetland functioning spawning and nursery habitat; and the extent of barriers to those wetlands.



Objectives:

=

Identify historical and remaining barriers to adult northern pike migratory movement.

2. Assess the quality and quantity of wetland habitat relative to northern pike spawning and nursery
habitat.

3. Complete an assessment of northern pike and other fish community populations in the Milwaukee
Estuary AOC, Milwaukee River and its principal tributaries.

4. Complete a preliminary management strategy for restoring sustainable populations of northern

pike in the Milwaukee Estuary AOC.

Methods
Study Area

The study area is located along the Milwaukee River (WIBC 15000), Milwaukee River Basin (US
Geological Survey Hydrologic Unit Code 04040003). The Milwaukee River headwaters are located in
central Fond du Lac County and the river flows south, southeast for 161 km before its confluence with
Lake Michigan in Milwaukee County. The basin drains 2,284 km? and has a mean annual discharge of
12.7 cms and Q4 discharge of 0.74 cms at RK 10.3 (1,800 km?). The principal watersheds include the
Milwaukee River East/West Branch (689 km?), Milwaukee River South Branch (435 km?), Milwaukee
River North Branch (150 km?), Cedar Creek (334 km?), Menomonee River (352 km?) and the
Kinnickinnic River (86 km?). Basin-wide land use is dominated by agricultural (46%); open space as
wetland, forest, grassland and open water (43%); and urban (11%). Agricultural and open space land uses
are dominant in the upper and middle reaches of the watershed, with increasing amounts of urban low-
density increasing to urban high-density land uses in the lower reaches of the watershed and estuary in
Ozaukee, Waukesha and Milwaukee Counties.

Our study area was limited to streams and wetland resources generally located within the Milwaukee
Estuary AOC, including: the Menomonee River and tributaries upstream to the Menomonee River Lepper
Dam in the Village of Menomonee Falls in Waukesha County (RK 35); and the Milwaukee River and
tributaries upstream to the Milwaukee River Bridge Street Dam in the Village of Grafton, Ozaukee
County (RK 52)..

Barrier Inventory and Classification

Recent inventories within the study area by others have identified known or potential man-made barriers
to fish movement including weirs and dams, culverts, bridges, concrete channel inverts, and enclosures;
and natural barriers as rock escarpments, sediment and debris (SEWRPC, 2009; Northern Environmental,
Inc. 2006). These structures generally affect the upstream and downstream movement fish movement by
altering the local hydraulic characteristics of a stream including the headwater-tailwater elevation
differences, turbulence, velocity, and water depths. In very general terms, the structure may be a complete
or partial barrier to fish movement.

A complete barrier to fish movement prevents all species of fish, regardless of life stage, swimming and
leaping performance, from passing the barriers over a full range of hydrological and hydraulic conditions.
Complete barriers to fish movement are generally associated with high head structures (i.e., dams or
natural rock escarpments) such that even under a full range of estimated and extreme discharge conditions
(i.e., drought through 500-year recurrence flood interval) the differences between headwater and tailwater



elevations, water depths or velocities are sufficient to prevent all fish species from swimming or leaping
over or around the barrier.

The extent or effectiveness that a structure is a partial barrier to fish movement depends on its ability to
limit all or some species of fish to pass the structure, depending on the species life stage, swimming and
leaping abilities, and under certain hydrologic and hydraulic conditions. Partial barriers may impact a
specie or species by delaying or preventing spawning migrations, adult and juvenile emigrations. We
proposed a fish barrier classification system developed by Robison et al., (1999) for assessing barriers
along Oregon’s Pacific salmon streams, as complete, partial or temporary barriers. The classification
expanded on the number of categories to account for the effectiveness of barriers relative to the timing of
targeted species spawning and return migrations, average seasonal recurring flows and duration relative to
the migrations of targeted species (i.e., native spring migrants versus non-native salmonid fall migrants),
and the swimming and leaping performance of targeted species (Table 1).

Table 1: Proposed classification of barriers to fish movement.

Fish Species Barrier Classification
All of the Time Some of the Time

All Species Complete Barrier: A barrier to all fish species | Partial Barrier 1: A barrier to all fish species
regardless of species migration period, regardless of species swimming & leaping
swimming & leaping performance over the performance under specific hydraulic
entire range of hydraulic conditions. conditions.

Some Species | Partial barrier 2: A barrier to some fish Partial Barrier 3: A barrier to some fish
species possessing limited swimming & leaping | species possessing limited swimming & leaping
performance over the entire range of hydraulic | performance under specific hydraulic
conditions. conditions.

We assessed the extent that individual dams are barriers to fish movement by field inspecting existing
dams, reviewing WDNR Dam Safety files, the WDNR Dam Safety layers and metadata contained in the
WDNR Intranet Surface Water Data Viewer, and interviews with WDNR Dam Safety engineers
http://dnrmaps.wisconsin.gov/imf/imf.jsp?site=SurfaceWaterViewer. We compared the leaping ability of
various native and managed non-native fish species to the modeled headwater-elevation differences
estimated at each weir or dam structure for the 20-year, 50-year, and 100-year recurrence flood interval
(equivalent to the 5%, 2% and 1% annual probability of occurrence, respectively).

Dams and weirs were classified complete barriers when the headwater and tailwater elevation differences
exceeded 2 m for the estimated 20-year recurrence flood interval (equivalent to 5% annual probability of
occurrence) discharge. We chose this criterion because headwater-tailwater elevation differences,
accompanying river discharge and flood recurrence intervals are available for all hydraulically significant
structures in the study area through the Federal Emergency Management Agency (FEMA) Flood
Insurance Studies (FIS), and because the 2 m elevation difference exceeds the reported 1.5 m leaping
ability of native northern pike. (Note: Estimated headwater-tailwater elevation differences for the annual
and 2-year recurrence flood interval would have been preferred to ascertain annual barrier conditions to
spawning fish movements, but those estimates were not available from FEMA). We then compared the
individual structures hydrologic and hydraulic characteristics to the published maximum leaping
performances of alluvial and potamodromous fish known to be present in the Milwaukee River Basin
including the Milwaukee Estuary and Lake Michigan (Meixler et al., 2009; USDA, 2007) (Table 2). We
did not distinguish between the different queues or triggers for an individual species leaping behavior
(i.e., fright/flight, feeding, spawning migration).




Table 2: Maximum reported leaping ability (ft) for Milwaukee River Basin fluvial and Lake Michigan
potamodromous fish species.

Common Name Reported Leaping Ability Reference
(ft) (m)

Brown trout 36 1.1 Meixler et al., 2009
Chinook salmon 12.0 3.66 Meixler et al., 2009
Coho salmon 72 22 USDA, 2007
Gizzard shad 1.1 0.34 Meixler et al., 2009
Northern pike 49 15 Meixler et al., 2009
Shorthead redhorse 19 0.57 Meixler et al., 2009
Smallmouth bass 2.0 0.60 Meixler et al., 2009
Rainbow trout 11.2 34 USDA, 2007
Walleye 40 121 Meixler et al.
White sucker 2.2 0.68 Meixler et al.

The inventory of culverts, bridges, concrete channel inverts and grade-control structures as barriers to fish
movement for Waukesha and Milwaukee Counties is based on WDNR field staff observations, a
reviewing the most recent aerial photographs and the inventory completed by the Southeastern Regional
Planning Commission (SEWRPC, 2009).

The inventory of bridges and culverts completed by Northern Environmental, Inc. and Ozaukee County
staff includes detailed field surveys, hydrologic and hydraulic modeling to classify each culvert as a
complete or partial barrier to fish movement (Northern Environmental, Inc., 2006). Subsequent to their
inventory, the Ozaukee County Fish Passage Program has designed and constructed culvert replacements
or modification to enable northern pike passage under the 1-year recurrence interval flood discharge.

Wetland Spawning Habitat Classification

We completed a review of northern pike spawning habitat classification systems developed by Inskip
(1982; Casselman and Lewis (1996); and Rost and Schuette (1998) and used their work as the foundation
for proposing a hybrid classification system for stream and wetland hydrologic and morphological
features, and land uses encountered in the study area. Our classification system was selective for wetland
habitat adjoining flowing waters and potentially capable of meeting the life requisites for northern pike
adult immigration to and emigration from spawning sites; spawning cover types; embryo through free-
swimming larvae life stages; and larvae emigration from the spawning grounds.

Species-specific management plans should be based on a review of its life history and habitat
requirements for critical life stages to insure that potential physical or biological bottlenecks to northern
pike recruitment do not exist or could otherwise be managed. Our proposed habitat classification system
also included habitat variables and metrics based on contemporary studies of the northern pike life history
when appropriate.

A comparison of the Inskip (1982), Casselman and Lewis (1996), and Rost and Schuettte (1998) habitat
suitability models for northern pike is available in Appendix 1, and the results of our review for the
northern pike life history is contained in Appendix 2.

Wetland Spawning Habitat Inventory

We completed a coarse, landscape-scale inventory of wetlands adjoining the Milwaukee and Menomonee
Rivers and their tributaries using the WDNR GIS wetland layers (scale 1:24000). The original wetland



inventory was completed in 1984 and updated in 2005 using aerial photograph imagery. We included
wetland parcels that were at least 0.8 ha in area and 10 m in width unless it was contiguous with a larger
wetland parcel. Metadata included the unique wetland parcel identification code, wetland code, wetland
class and subclass description (vegetation cover type), hydrologic modifier, area and perimeter. The
analysis did not attempt to measure the extent of hydrologic connectivity with the stream as that effort
was beyond the scope of the assessment.

Northern Pike Young-of-the-Year (YOY) Production

We deployed fish traps design to collect larvae and assess northern pike production at three tributary
Stations; two Stations on Trinity Creek and a single Station on Ulao Creek in Ozaukee County during the
spring of 2004. We selected Trinity and Ulao Creeks as sample streams because fish distribution surveys
since 1975 noted relatively diverse fish assemblages for intermittent streams, including northern pike, and
because they are the first watersheds upstream of the Milwaukee Estuary to have existing or restored
wetlands suitable for northern pike spawning and nursery habitat (WDNR and USGS GAP Analysis,
2010; WDNR, 1985) (Appendix 3). A third generation landowner near the headwaters of Ulao Creek
stated that he and his father observed spawning northern pike on marshes dominated by Reed canary grass
and low-intensity grazed pasture when these low areas were flooded each spring (pers. comm. Tim Kaul).

Two traps were located on Trinity Creek. Trap TC1 was located approximately 0.31 km upstream of the
Milwaukee River and 20 m downstream of an effective fish passage barrier culvert along Green Bay Rd.
(STH 57) in the City of Mequon. Trap TC2 was located 12 m downstream of the restored wetland and
stream complex approximately 1 km upstream of the Milwaukee River. A single trap (UC1) was located
on Ulao Creek 35 m upstream of CTH Q and 1.3 km downstream of the Ulao Swamp and the Tim Kaul
marsh, and 7.9 km upstream of the Ulao Creek confluence with the Milwaukee River Thiensville
impoundment (Figure 2 and 3).

Figure 2. Location of northern pike larvae traps in the Trinity Creek (TC) subwatershed.
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Figure 3. Location of northern pike larvae trap in the Ulao Creek (UC) subwatershed.

The traps were designed and constructed by Rost and Schuette (1998). The traps were open frame
construction of wood lathe measuring 61 cm wide by 36 cm high by 76 cm long. The entire frame is
surrounded by 17x14 mesh aluminum window screen. The upstream side and entrance to the trap’s
collection pot includes a single-funnel screened inlet measuring 46 cm high by 2.5 cm wide that limited
fish from escaping the pot. Between two and three traps were fastened together with lathe and braided
twine to accommodate sample site stream widths (Figure 4).

Figure 4. Three side-by-side fish larvae trap assembly deployed at Ulao Creek Station UC1.
Note incised channel morphology.




Traps were secured to the stream bed using 0.9 m long by 19 mm-diameter steel rebar and/or wood lathe.
Where stream widths exceeded the width of the traps, plywood or frame-screened wings were fastened to
the traps and extended to the stream bank to prevent fish from escaping around the trap end walls. Three
to five rebar posts were set in the stream channel upstream of the traps to collect large floating debris.
Debris captured by the rebar and traps was removed during each trap inspection.

Traps were initially inspected 5-days following ice-out and installation, and generally at two to three day
intervals thereafter. All fish were removed from the trap using a small dip net.

We obtained hourly instantaneous water temperatures (+/- 0.1°C) for the entire period of trap deployment
using an ONSET recording thermistor and ONSET software deployed at Ulao Creek (UC1). The
thermistor was attached onto a 0.5 m long rebar driven into the stream bed, submerged and orientated to
be in flowing water. We obtained meteorological data from the NOAA National Climatic Center for the
City of Port Washington located due northeast of the study area. Warming degree-days were calculated
by adding the daily average water temperature over the period of deployment.

Fishery Assessment- Northern Pike and Fish Assemblage

We established two sample Reaches along the Milwaukee River; one Reach located upstream of the T-M
Dam (Reach “U”) and the other Reach located downstream of the T-M Dam (Reach “D”) (Table 3 and
Figures 5-7). We then established four sample Stations, two sample Stations within each Reach as
Stations U1, U2, D1 and D2. Station U1l was located in the headwater of the impoundment where the
channel morphology transitions between lentic and lotic features (narrower, higher velocities and sheer
stresses, coarser and transient substrates). Station U2 was located midway between the T-M Dam and
headwater Station characterized as a slack water and fine-sediment depositional reach. Stations U1 and
U2 were located 4.4 km apart. Stations D1 and D2 were located downstream of the T-M Dam. Station
D1 extended downstream of the T-M Dam tailwater, and Station D2 is located in a run/pool river reach
approximately 2 km downstream of Station D1. Stations D1 and D2 were located 7.2 km apart. Each
sample Station included two sub-samples; a 1.6 km IBI sub-sample where all fish were collected; and a
1.6 km extended fish sub-sample where only top predator fish were sampled, usually northern pike,
walleye, largemouth and smallmouth bass, and catfish. All totaled, we electrofished 6.4 km or 20% of the
32.2 km of the Milwaukee River located between the Milwaukee Estuary and T-M Dam; and 6.4 km or
73% of the 8.7 km long T-M impoundment, including the transitioning free-flowing to impoundment
headwater segment.

We geolocated (lat/lon DD.deg) upper and lower limits of each sample Station and site location, and
sample Station waypoints and lengths using a Trimble Explorer 3 GPS. We used ArcView GIS and aerial
orthophotos to estimate the area (ha) of each sample Station and to calculate northern pike density
(fish/ha) and biomass (kg/ha).

The fish assemblage was sampled using a boat-mounted, pulsed-DC “mini-boom” electrofishing unit
operating from a 4.3 m-long aluminum Jon boat powered by a 20 hp outboard motor. The bow-mounted
anode was a single 3.5 m boom with a “Wisconsin Ring” from which 8 cylindrical, 25 mm-long, 14 mm-
diameter stainless steel droppers are suspended. All electrofishing was completed during daylight hours,
in a downstream direction, and as close to the shoreline as possible where current breaks and the greatest
amount of usable fish cover was located. Fish collections dates were made between April 6 and May 6,
earlier than the standardized mid-May through late-September IBI sampling protocol. IBI were calculated
for each of the four individual sample Stations.
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Top predator game fish measures included species identification, count, individual length to the nearest
2mm, and weight to the nearest 10g. All other fish were identified to species, counted and either weighed

individually (large bodied specimens) or in aggregate (smaller bodied species).

Captured northern pike from each sample Station received a unique partial caudal fin clip or punch to
identify the specimen’s collection Station. Sex and condition (as green, ripe or spent) was determined by
extrusion of sexual products. Absent sexual products, we determined the sex of northern pike by the

appearance of their external urogenital region according to Casselman (1974).

Table 3. Summary of lower Milwaukee River fish sample Reaches, Stations, description and location.

Distance from

River Mouth Start End

Milwaukee R. Station Description Reach | Station (km) Lat/Lon Lat/Lon
T-M Impoundment Headwater (Transition 43.2508900 | 43.2704147
between lentic and lotic morphology) U 1 37.7 -87.9420748 | -87.9448286

43.2397486 | 43.2371050
T-M Impoundment U 2 333 -87.9349076 | -87.9466737
T-M Dam 31.7

43.2304422 | 43.2198423
T-M Dam Tailwater (Mequon Rd. to Dam) D 1 29.4 -87.9793250 | -87.9792726

43.1863378 | 43.17413227
Range Line Rd to Schroeder Dr. extended D 2 22.2 -87.9589839 | -87.9588603
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Figure 5. Aerial view of Milwaukee River fish sample Reaches upstream (U) and downstream (D) of the
Thiensville-Mequon Dam; and sample Stations (U1 and U2), and sub-samples as game or IBI.

Figure 6. Aerial view of Milwaukee River fish sample reaches downstream (D) of the Thiensville-
Mequon Dam; and sample Station (D1), and sub-samples as game or IBI.
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Figure 7. Aerial view of Milwaukee River fish sample Reaches downstream (D) of the Thiensville-
Mequon Dam; and sample Station (D2), and sub-samples as game or IBI.
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We generally followed the standardized fish electrofishing protocol for calculating a fish-based Index of
Biotic Integrity (IBI) for warm water rivers of Wisconsin that enable simultaneous determination of river
health and game fish statistics (Lyons et al., 2001). The warm water rivers IBI includes metrics and
scoring criteria, and models calibrated for fish communities located in northern versus southern
Wisconsin. We used the southern model that includes 10 metrics: total weight of the catch (excluding
tolerant species); the number of native, sucker, intolerant, simple lithophilous spawners or riverine
specialist species; percentage of DELT (deformed or diseased as eroded fins, lesions or tumors); and the
percentage of the total weight catch that are insectivores or round-bodied suckers. We modified the model
to exclude potamodromous salmonids from Lake Michigan that are not present in the Milwaukee River
during warmwater periods, and the specified protocol for sampling (mid-May through late-September).
We began sampling beginning in early-April with the intentions of capturing concentrated populations of
spawning and migrating northern pike.

We estimated the northern pike population (N) for two distinct Milwaukee River populations; upstream of
the T-M Dam (Stations U1+U2) and downstream of the T-M Dam (Stations D1+D2) using a single mark
and re-capture event and the Chapman modification of the Petersen equation as described by Ricker
(1975). Binomial 95% upper and lower confidence limits and co-efficient of variation for the population
estimates were calculated.

Northern pike relative abundance (pike/km and pike/hour) from this study were compared to those from
the Milwaukee Estuary, the lower Milwaukee River upstream of the Estuary between the former City of
Milwaukee North Avenue Dam at RK 5 and the Village of Grafton Bridge Street Dam at RK 52, and
statewide central and southern warm to cool water 5th order rivers for years 2001 through 2010. Only
surveys that followed the wadable and non-wadable Baseline Monitoring protocol were used. No
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distinction was made of the northern pike age, only their presence/absence. Surveys with no captured
northern pike were included in the analyses.

We chose not to sacrifice fish for aging purposes due to the low capture rates. We estimated northern pike
length at age by correlating to northern pike mean length at age for Wisconsin waters using bivariate
regression analysis with 95% limits and STATVIEW® statistical software.

Results and Discussion
Barrier Assessment

The inventory of man-made fish passage barriers is most complete for the Milwaukee River and
tributaries in Ozaukee County; and least known for the major tributaries of the Milwaukee River in
Milwaukee County. The least is known about potential barriers along the Menomonee River and its major
tributaries in Milwaukee, Waukesha and Washington Counties. The number of barriers to fish movement
by type and in descending order is culverts, concrete and enclosed channel inverts, weirs and dams (Table
4).

Milwaukee River, Milwaukee and Ozaukee Counties

Figure 8 and 9 are maps that identify the approximate location and status of significant fish passage
barriers along the Milwaukee River and major tributaries in Milwaukee and Ozaukee Counties.

Estabrook Dam

There are two remaining low-head dams in Milwaukee County that are considered partial barriers to fish
passage. The furthest downstream structure is the Estabrook Dam located at RK 10 and is classified as a
Partial Barrier 1 to fish passage. Strong-swimming and high-leaping spring running rainbow trout may
pass the fixed-crest portion of the spillway under high spring flows. However, the step-like configuration
of the spillway, and lack of a sufficiently deep pool and plunging flow below the spillway would even
challenge fall-running salmonids. The Estabrook Dam was most recently operated in a fill (late-May) and
drawdown (November) mode, and has been drawn down since 2008 under orders by the WDNR to
complete a dam stability analysis, and the dam owners decision to repair or replace the dam; and to
complete remediation of contaminated sediments behind the fixed crest portion of the spillway. Under the
former fill and drawdown operation, the dam was passable by fish during seasonal flowed conditions.
Fall-run Chinook and coho salmon, and fall- and spring-run rainbow trout were the species that took most
advantage of the dam’s seasonal flowed operation. Impacts to water quality, fish, other aquatic life and
wildlife habitat as a result of seasonal fill and drawdown operations may require the dam to be operated at
pool full and run of the river. Under a pooled full run of the river operation, the dam would be a complete
barrier to all fishes.

Kletzsch Dam

The Kletzsch Dam in Milwaukee County is located at RK 17.. It is a low-head dam and is submerged for
extended periods of time during annual recurring spring flows. It is classified as a Partial Barrier 3 to fish
passage. It is not a barrier to salmonids during high spring flows and base fall flows due to the presence of
an adequately deep pool and plunging flow. Larger bodied native species with adequate burst-swimming
speeds would likely be able to bass the spillway during spring flows when the spillway is submerged or
nearly submerged.

Thiensville-Mequon Dam
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The T-M Dam in Ozaukee County is located at RK 31 is classified as a Partial Barrier 3 to fish passage.
The T-M Dam is considered a low-head hydraulic structure (3.7 m) and is submerged for multiple days on
a 2-year to 4-year frequency. A fishway was constructed around the dam in an abandoned millrace in
2010. Funding for the fishway was provided by the NOAA/Ozaukee County Fish passage Program; the
USFWS; the Wisconsin Coastal Management Program; and the V. of Thiensville and City of Mequon.

Bridge Street Dam

The Bridge Street Dam located at RK 52. It is classified as a Partial Barrier 1. A recent hydrologic and
hydraulic analysis concluded that certain Lake Michigan non-native salmonids, most notably chinook
salmon and rainbow trout, possess swimming and leaping abilities to pass the dam during the 20-year and
less frequent recurrence river flow conditions. Fish passage by leaping the spillway is enhanced by a deep
pool and plunging flow below the spillway. According to the FEMA FIS study, the water elevation
difference between the spillway headwater and tailwater during the 20-year recurrence flood interval was
estimated at between 1.5 and 1.8 m. Reported leaping abilities of Chinook salmon and rainbow trout are
3.7 m and 3.4 m, respectively. Among native species, the highest leaping ability was reported for
northern pike and walleye at 1.5 m and 1.2 m, respectively.

Major Tributaries of the Milwaukee River, Milwaukee County

There are five principal tributaries to the Milwaukee River in Milwaukee County including Lincoln
Creek, Indian Creek, Southbranch Creek, Beaver Creek and Brown Deer Creek totaling 31 km. These
streams are generally low-gradient streams (< 3m/km and < 5% riffle); hydrologic orders ranging from 1%
through 2", and drainage areas ranging from 4.4 km? for Brown Deer Creek to 51.4 km? for Lincoln
Creek. The watersheds are dominated by urban land uses ranging from Indian Creek (78%) to
Southbranch Creek (99%). Total impervious cover is also high, ranging from Indian Creek (27%) to
Lincoln Creek (47%).

Beginning in the 1960’s, the MMSD and local communities practiced stream channelization, concrete
lining and enclosure as a means of abating flooding as a result of rapid urban development and engineered
conveyance systems (curb, gutter and storm sewer) without centralized or site-specific practices to abate
storm water quality or quantity pollution impacts. Structures were often included to accommodate
potential impacts of invert grade changes and potential for channel head cutting. Concrete or heavy rip
rap was included under bridges, bridge piers, and infrastructure crossings to protect them from erosion
and failure. Since the late 1990’s, the MMSD has been pursuing a policy to rehabilitate many of these
stream and floodplain reaches as part of their continuing flood abatement program. Since 2000, the
MMSD has removed 4.2 km of concrete lined stream channel, four grade control structures and three
bridges along Lincoln Creek. Additional concrete channel removal, replacement of culvert fish barriers
and rehabilitation of the stream channels was completed by the MMSD on Indian Creek and by the
Village of Brown Deer on Beaver Creek.

All totaled, there are 31 km of 1% and 2" orders streams tributary to the Milwaukee R. in Milwaukee
County, excluding the Menomonee R. which will be discussed in more detail below. Prior to 2000, 3.5
km or 11% were free of fish passage barriers. Since 2000, the length of fish passage impediment free
stream channel in Milwaukee County has increased to 14.2 km, or 45% of the total. Most of these
improvements were made along Lincoln Creek.

There is a very limited inventory of other potential fish barriers along these tributaries as perched
culverts, grade-control structures, and concrete and heavy rip rap used to protect bridge and other buried
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infrastructure. These structures, most notably observed around bridges, may still be present along some
stream reaches that were enhanced by removal of concrete lined inverts.

Major Tributaries of the Milwaukee River, Ozaukee County

Lac du Cours Creek is a 1% order, intermittent, low-gradient and warmwater tributary to the Milwaukee
River. It discharges to free-flowing reach of the river 22 km upstream of the Milwaukee Estuary and 4 km
downstream of the T-M Dam. The majority of the subwatershed includes Lac du Cours Lake, a 23 ha
man-made lake with a 0.3 m head dam located at the outlet. It is just 0.4 km long, drains 3 km? and has a
Qs of < 0.1 cms and routinely ceases to flow during late-summer and fall months. Deep runs and pools
provide refuge to fish during extended drought periods. Land use is a dominated by low-density
residential uses and stormwater is conveyed primarily through roadside ditches. A low-head dam at RK
0.4 located in the headwaters is classified as a Partial Barrier 1 and a perched culvert located at the
confluence of the Milwaukee River at 0.1 km is classified as a Partial Barrier 3. The culvert was replaced
in 2010 and the low-head dam is proposed to be modified in 2011.

Trinity Creek is a 2™ order, intermittent, low-gradient and warmwater tributary to the Milwaukee River. It
discharges to a free-flowing reach of the river 22.5 km upstream of the Milwaukee Estuary and 3.5 km
downstream of the T-M Dam. It is approximately 4.1 km long, drains 14 km? and has a Q;, of < 0.1 cms
and routinely ceases to flow in the summer and early fall months. The entire stream alignment was
previously channelized for agricultural uses. Land use is currently a mixture of agriculture, open space,
low-density residential and lesser amounts of commercial and light manufacturing. The City of Mequon
constructed the 18.2 ha Trinity Creek Wetland Habitat project in the late-1990. Prior to its construction,
the entire parcel was in agricultural land use but farming was limited by poor drainage and a high water
table. The city acquired the parcel for constructing a multi-purpose facility for attenuating downstream
flooding, creating public open park space and wetlands. Two ponds on the site total 3.4 ha and the
shoreline includes between 0.33 ha and 0.66 ha of shallow northern pike spawning shelf, the actual shelf
dimensions and extent of submergence controlled by weirs and adjustable flashboards. In 2010, the
Ozaukee County Fish Passage Program removed a large deposit of railroad ballast and dual-elliptical
culverts located between the ponds and the Milwaukee River to enable fish movement between the river,
Trinity Cr., ponds and wetlands. For the summer of 2011, the program will be lowering the bottom of
each weir by approximately 0.6 m to enable fish movement between Trinity Cr. and spawning habitat
along the ponds shorelines. Following these modifications, Trinity Creek will be free of fish passage
barriers. The WDNR has proposed an operational and management plan to the City of Mequon that
would benefit northern pike production in addition to other ancillary environmental benefits in the Trinity
Creek subwatershed. Lowering the weir inverts will allow managers to encourage winter freeze-out for
managing common carp and gizzard shad; decrease suspended solids, turbidity and total phosphorus
levels presently elevated by the feeding and spawning activity of carp; improve water transparency for
macrophyte growth; and expand the amount of shoreline wet-meadow used for northern pike and other
phytophilic spawning fish, and perhaps the marsh spawning strain of walleye.

Pigeon Creek is a 3" order perennial stream that discharges to a free-flowing reach of the Milwaukee
River 25 km upstream of the Milwaukee Estuary and 0.35 km downstream of the T-M Dam. It is
approximately 13.2 km long and drains 30 km?® and has a Q; 1, of < 0.014 cms. It has a highly dendritic
headwater including over 16 km of ephemeral or intermittent tributaries. Land use is dominated by
agriculture, open space and increasingly, low- to medium-density residential uses. Approximately 40% of
Pigeon Creek has been channelized for agricultural drainage purposes. Along its upper and lower reaches,
it is a moderate gradient stream supporting a transitional cool-warmwater fish assemblage. Along its
middle reaches, it has a low to moderate gradient, and some areas, a channel substrate of exposed
fractured bedrock. This geologic formation includes springs that support a transitional cool-coldwater fish
assemblage evidenced by rainbow trout parr collected over multiple year fish samples. Between 2008 and
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2010, four partial barriers to fish passage were modified or removed from Pigeon Creek including a
concrete invert RK 0.2, dual-perched culverts RK 0.4, railroad ballast RK 3.5 all Partial Barrier 1; and
the private WLS low-head dam RK 0.8 Partial Barrier 3.

Ulao Creek is a 3" order low gradient intermittent tributary that discharges to the Milwaukee River T-M
impoundment at RK 39 and 8 km upstream of the T-M Dam. It is approximately 14.2 km long with
numerous ephemeral and intermittent tributaries. It drains approximately 35 km? and has a Q;, of < 0.1
cms. Extensive reaches of stream cease to flow during the warmer months. Pools and deep runs provide
fish refuge during low-flow and drought. Over 90% of the stream was historically channelized for
agricultural purposes. Current land use is predominately agriculture although portions of the middle
watershed adjoining Interstate 1-43 in the Village of Grafton are being developed in urban commercial
land uses. Landowners in the headwaters gave accounts of northern pike spawning runs in the 1950-1970s
with observed runs waning since then (pers. corr. Tim Kaul). Partial man-made barriers to fish passage
include multiple perched culverts RK 4.6 and two discharge measuring flume at RK 4.2 and RK 7 all
classified as Partial Barrier 1. These barriers were removed or modified by the Ozaukee County Fish
Passage Program in 2010 and the stream is considered to be fish barrier free.

Figure 8. Status of significant fish passage barriers along the Milwaukee River and major tributaries
in Milwaukee County; and Menomonee River in Milwaukee and Waukesha Counties.

Milwaukee River and Major
Tributaries, Milwaukee County -
Significant Man-Made Barriers to
Fish Passage

Significant Known Barriers
@ Existing

&

Kletzsch Park Dam, RK 17
Partial Barrier 3

Estabrook Park Dam, RK 10
Partial Barrier 1

Concreteinvert, RK 6

Removed 2000;
Concrete invert, RK 5 Nprth Avenue Dam, RK 5

removal planned forgglo-l Zomplete Barrier Abandoned 1997

Milwaukee River confluence with Lake
Michigan RK 0
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Figure 9. Status of significant fish passage barriers along the Milwaukee River and major tributaries
in Ozaukee County downstream of Village of Grafton Bridge Street Dam.

Milwaukee River and Major
Tributaries, Ozaukee County —
Significant Man-Made Barriers to
Fish Passage

Significant Known Barriers
@ Existing

&

Grafton's Bridge St. Dam, RK 52
Partial Barrier 1

Grafton’s Chair Factory Dam, RK 50
Partial Barrier 1
Abandoned in 2000

Grafton’s Lime Kiln Dam, RK 48
Partial Barrier 1
Abandoned in 2010

Thiensville Dam, RK 32
Partial Bdfrier 3
Fishway constructed in 2010

Menomonee River, Milwaukee and Waukesha Counties

The Menomonee River discharges to the Milwaukee River estuary at RK 1.7. It is a 4™ order stream,
moderate gradient stream draining 353 km? draining portions of Milwaukee, eastern Waukesha, and
southern Washington and Ozaukee Counties. It is one of the largest urbanized watersheds in the state
especially in the middle and lower reaches of the watershed. Urban land uses make up approximately
65% of the watershed and most of the stormwater is conveyed by engineered stormsewer systems. As a
result water quality is limited and excessive hydraulic loads contribute to bed and bank erosion and
scouring of fish and aquatic life habitat. Significant barriers to fish passage along the Menomonee River
are located on Figure 8. They include the Falk Dam RK 4 Partial Barrier 3 abandoned in 2000; a grade-
control structure and 0.6 km long concrete lined invert located between RK 5 and 6 as Partial Barrier 2 of
which a 0.3 km reach and grade-control structure were removed in 2000 and an additional 0.3 km is
planned to be removed in 2010-2011; and the Village of Menomonee Falls Lepper Dam RK 35 to remain
as a Complete Barrier to fish passage.

Aside from the obvious barriers described above, there is no detailed or screening level inventory of
potential barriers to fish passage along the Menomonee River or its tributaries in the project area.
However, the SEWRPC (2009) did recently complete a cursory inventory of known and potential barriers
to fish passage in the Menomonee River watershed recognizing that most potential barriers will require
individual and more detailed field surveys to ascertain them as non-barriers, partial or complete barriers.
Following their review, SEWRPC identified approximately 300 potential barriers, the majority of them
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located within our study reach downstream of the Village of Menomonee Fall Menomonee River Lepper
Dam at RK 35 (Appendix 4). The most common known or potential man-made fish passage barriers
included bridge and culvert crossings, railroad crossings, concrete-lined channel inverts, channel
enclosures, grade control structures, and encased infrastructure crossings. Potential natural barriers to fish
passage include beaver dams, debris jams, and sediment deposits.

Major Tributaries of the Menomonee River, Milwaukee, Waukesha and Ozaukee Counties

The principal tributaries to the Menomonee River in include Honey Creek (RK 10), Underwood Creek
(RK 13) and its tributary the South Branch Underwood Creek, the Little Menomonee River (RK 20),
Butler Creek (RK 23), Lily Creek (RK 31), and Nor-X-Way Creek (RK 33). These watersheds are highly
urbanized with engineered storm sewer systems, and numerous road crossings. All of these streams have
been channelized initially to accommodate agriculture land use drainage, and later for urban development
and flood control. A summary of some of the WDNR verified and obvious barriers to fish passage along
the Menomonee River and its major tributaries is shown is summarized in Table 4.

Approximately 13 km or 16% of these stream lengths have been placed in a concrete invert and 15 km or
18% have been enclosed resulting in an extensive network of Complete Barriers to fish passage, and very
poor habitat. The Little Menomonee River has the longest open channel length of any tributary in the
Menomonee River watershed, and although channelized, has a broad and often natural functioning
floodplain and wetlands. The Little Menomonee River is a Superfund Site as a result of sediment
contaminated by creosote-based carcinogenic polynuclear aromatic hydrocarbons (CPAHSs). The
contaminated sediments have been remediated and a portion of the channel has been enhanced with
meandering morphological features and hydrologically connected floodplain resulting in 1.1 km of
additional stream length and annually flooded wetlands.

The impacts of barriers to fish movement, especially in developed watersheds with many partial and
complete barriers, cannot be over stated. Many fish species migrate to satisfy habitat requisites for
foraging, protection, rearing, and spawning. In freshwater systems, migrations may range from several
meters to many kilometers on a daily or seasonal basis. Migrating or moving fish are vulnerable to injury
and mortality if normal movement patterns are blocked or impeded by constructed barriers. They are also
more susceptible to injury and predation as they try to negotiate manmade barriers. If fish passage is
impeded during spawning migrations, impacts on population can be severe and include failed or reduced
year classes, decreased egg size and fecundity, injury or mortality (NRCS, 2007).
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Table 4: Major stream and major man-made fish barriers identified by WDNR in the Milwaukee River, Menomonee River watersheds in Milwaukee, Ozaukee

and Waukesha Counties.

Stream WIBC | Stream Barrier Barrier Remaining man-Made | Comments
Total Free Free Barriers and
Length | Pre-2000 | Post-2000 Classification
(km) (km) (%) | (km) (%) (from Table 1)
Milwaukee R. Watershed
Milwaukee R. 15000 52 | 52 (100) 52 (100) Estabrook Dam RK 10 | North Avenue Dam RK 5 Complete Barrier abandoned 1997
Partial Barrier 1 Chair Factory Dam RK 50 Partial Barrier 1 abandoned in 2002
Lime Kiln Dam RK 48 Partial Barrier 1 abandoned in 2010
Kletzsch Dam RK 17 | T-M Dam RK 31 fishway constructed in 2010
Partial Barrier 3
Bridge St Dam RK 52
Partial Barrier 1
Lincoln Cr. 19400 145 | 21(14) 12.8 (88) Complete Barrier | Culvert with grade control structure; concrete invert
4 km of concrete invert and no less than four grade control structures as
Complete Barriers removed by MMSD since 2000
Indian Cr. 19600 42 | 06 (14) 0.6 (14) Complete Barrier | Perched culvert; concrete invert
Southbranch Cr. 24000 3.8 0.3(8) 0.3(8) Complete Barrier | Concrete invert; perched culverts; bridges
Brown Deer Cr. 19700 34| 03(11) 0.3(11) Unknown | Multiple culverts; on-line ponds and weirs; concrete invert; enclosure
Beaver Cr. 20000 5.1 0.2 (4) 0.2(4) Complete Barrier | Enclosure; low-head dams; concrete inverts
Milwaukee Co. Tributary Subtotal 31 3.5(11) 14.2 (45)
Lac du Cours Cr. 20200 0.5 0(0) 0.5 (100) None | Culverts (2) RK 0.1 and 0.2 km Partial Barrier 3 and dam RK 0.4 Partial Barrier
1
Trinity Cr. 20400 4.1 0.3(7) 4.1 (100) None | Dual-culverts 0.3 km Partial Barrier 1, railroad ballast RK 1 Partial Barrier 3,
culvert (2) Partial Barriers 1 removed or modified in 2010; weirs (2) RK 1.1
and RK 1.4 Partial Barriers 1 to be modified in 2011
Pigeon Cr. 20500 13.2 0.5(4) | 13.2(100) None | Concrete invert RK 0.2, dual-perched culverts RK 0.4, and railroad ballast RK
3.5 as Partial Barrier 1; and WLS Dam RK 0.8 Partial Barrier 3 all removed
between 2008 and 2010.
Ulao Cr. 24000 14.2 45 (31) | 14.2 (100) None | Flume RK 4.4, multiple-perched culverts at RK 4.6, stone ford and improperly
sized and placed rip rap as Partial Barrier 1 removed or modified in 2010.
Ozaukee Co. Tributary Subtotal 32 5.3(17) 32 (100)
Menomonee R. Watershed *
Menomonee R. 16000 23 4(17) 3.7(16) Concrete Invert RK 5 | Falk Dam RK 4 Partial Barrier 3 abandoned in 2000
Partial Barrier 2
Lepper Dam RK 35 | Menomonee R. 0.3 km concrete invert and grade control structure RK 6 Partial
Complete Barrier | Barrier 2 removed in 2000. Additional 0.3 km concrete invert to be removed in
2011-12.
Honey Cr. 16300 16 14 14 Complete Barrier | 1.7 km concrete invert and 13 km enclosed channel
Underwood Cr. 16700 16 0(0) 0 (0) Complete Barrier | 4 km concrete invert and two grade-control structures. MMSD concrete
removal project partially constructed in 2010 with remainder under design.
S.Br. Underwood Cr. 16800 9 0(0) 0 (0) Complete Barrier | 5.5 km concrete invert and 2 km of enclosed channel.

20



L. Menomonee R. 17600 14 | 14 (100) 14 (100) Unknown | Inventory of potential barriers lacking upstream of the Milwaukee — Ozaukee
County line.
Stream WIBC | Stream Barrier Barrier Remaining man-Made | Comments
Total Free Free Barriers and
Length | Pre-2000 | Post-2000 Classification
(km) (km) (%) | (km) (%) (from Table 1)
L. Menomonee Cr. 17900 6 13 13 Unknown | Perched and hydraulic barrier culvert at Granville Rd. Inventory incomplete
upstream of Granville Rd.
Nor-X-Way Channel 18450 8 0.4 0.4 Complete Barrier | 1.6 km long concrete invert. Barrier inventory incomplete upstream of concrete
invert.
Lily Cr. 18400 8 Unknown | Culvert barrier inventory incomplete
Butler Cr. 18000 5 Unknown | Culvert barrier inventory incomplete

Tributary Subtotal

Tributary Total

* A comprehensive inventory of potential fish passage barriers has been completed by SEWRPC (2009) (Appendix 4).
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Wetland Spawning Habitat Classification

We proposed a system for classifying northern pike wetland spawning habitat relying extensively on the
reviews and research by Roth and Schuette (1998), Casselman and Lewis (1996), and Inskip (1982)
(Table 5). We also referenced the observations and conclusions of other authors whose works
documented a narrower focus on northern pike habitat requisites. As stated earlier, the proposed
classification was selective for wetland habitat contiguous with flowing waters. These are the dominant
habitat type encountered in the study area and potentially available to spawning populations of northern
pike.

We adopted the structure and six of the eight physical habitat variables proposed by Casselman and Lewis
(1996), and added another variable. The six habitat variables included vegetation type, vegetation density,
water depth, water fluctuation, connectivity with the stream, and substrate type. We excluded the habitat
variable rate of warming, and water exchange from the Casselman and Lewis model (Appendix 1). We
felt that that the rate of warming based on sun exposure was not as limiting to the wetlands encountered in
our study area where continuous mixing of the cooler stream flow with the wetland is limited to the initial
inundating flow and stage. Similarly, we excluded the habitat variable water exchange as the wetlands
present in our study area are not exposed to dramatic mixing events by the wind, wave action or overbank
stream flows. This variable may be more relevant for large river systems with broad active floodplains
and anastomosing or braiding channels; or wind swept lake shorelines.

Within our study area, watershed development has altered the natural seasonal peak flows and their
duration. In addition, developed watersheds have significant lengths of headwater and low-order streams
that have undergone hydrologic modifications, the most common being draining or filling of wetlands,
and stream channelization. These conditions combine to reduce the vertical extent and duration of stream
flows to supply water to the wetland. As a result of these modifications and impacts to connectivity
between streams and wetland habitats, we proposed a habitat variable for hydrologic connectivity. The
habitat description describes some of the stream’s morphologic features relative to its floodprone
dimensions, and allows one to approximate the vertical extent and frequency of overbank and wetland
filling stream flows (Rosgen, 1996). Absent this information, it is difficult to estimate the connectivity
between the stream and wetland that would enable pike to migrate and emigrate to and from spawning
habitat, and provide adequate water depths and water level duration for spawning and development.

Similar to Casselman and Lewis, the proposed classification structure includes an assigned numerical
weight for each habitat variable, and numerical rank for each habitat description. We expanded
Casselman and Lewis’ two habitat descriptions and ranks (Best highest rank 9; Poorest lowest rank 1) for
each habitat variable to include more specific habitat descriptions and ranks for each habitat variable. The
increase in habitat descriptions ranged from three (water level fluctuation and duration; hydrologic
connectivity; connectivity to stream) to 12 (vegetation type).

Habitat descriptions were modified to include the original qualitative and quantitative descriptions
included by Casselman and Lewis, in addition to the variables and ranks developed by Inskip (1982) and
Roth and Schuette (1998), in addition to the conclusions and habitat criteria from other reviews and
publications.

Use of the proposed classification system does require some degree of field assessment. Ideally, the field
assessments would be conducted during the spring when streams and wetlands are flowing, and summer
low flow periods to evaluate stream morphological features. All field data should be collected with a sub-
meter survey grade GPS enabled computer. Access and use of GIS would provide some economy for
selecting field assessment sites over a range of anticipated site features.
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Table 5: Proposed wetland spawning habitat classification for northern pike and other phytophilic spawning fish species.

larvae emigrating from spawning grounds ~ 6-8 weeks.

Habitat VVariable Habitat Metric and Description z/;lg)ght Fl?g)k References *
Vegetation Cover type Moderately dense hummocks (2-4 per m?) of native grass & sedge 9 9 2,356,789,
10,11,12,13
Native grasses 9 7 1,6,8,9,11,12
Un-mowed hay 9 6 6
Canary-reed grass 9 5 12,15
Coarse leaf litter 9 5 12
Submerged macrophytes 9 3 6,9,11,14
Emergent macrophytes 9 2
Cattail 9 2 3,12,13
Mowed hay 9 2 6, 12
Grazed pasture 9 2 12
Floating macrophytes 9 2
Turf grass 9 1
Vegetation Density >80% of substrate covered by coarse, loosely compacted, and thick layer of vegetation. Plant material | 8 9 911,12
occupies >80% of water column. Coarse plants material with large amount of basal coverage. Abundant cover
for egg and larvae. Not tightly compacted allowing for water circulation.
50-80% of substrate covered by coarse, loosely compacted, and thick layer of vegetation. Plant material | 8 7 911,12
occupies 50-80% of water column. Coarse plants material with large amount of basal coverage. Abundant
cover for egg and larvae. Not tightly compacted allowing for water circulation.
25-50% of substrate covered by coarse, loosely compacted, and thick layer of vegetation. Plant material | 8 5 911,12
occupies <50% of water column.
5-25% of substrate covered by coarse, loosely compacted, and thin layer of vegetation. Plant material occupies | 8 3 911,12
<25% of water column.
0-5% of substrate covered by coarse, loosely compacted, and thin layer of vegetation. Plant material occupies | 8 1 911,12
<5% of water column.
Water Average Depth 0.2-04 m 9 9 6,9, 11
0.4-0.7m 9 7 6,9, 11
0.7-1.5m 9 5 14
>15m 9 3 14
<0.2m 9 2
Water Fluctuation and Gradually increasing prior to adult migration to spawning site, and stable until larvae emigrate from spawning | 7 9 2,59 11
Duration grounds ~ 6-8 weeks.
Steady water level prior to adult migration to spawning site, and gradually decreasing until larvae emigrate | 7 5 25,911
from spawning grounds ~ 6-8 weeks.
Fluctuating or abrupt drop in water level prior to adult migration to spawning site; or abrupt drop prior to | 7 1 2,59 11
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Habitat VVariable Habitat Metric and Description z/;lg)ght Fl?g)k References *
Hydrologic Connectivity Very broad and active floodplain. Ratio of flood-prone width to bankfull width >10 and only slightly | 7 9 11,12
entrenched. Bankfull width to depth ratio >20 and banks stable. Top of bank and bankfull elevation are nearly
equal. Floodplain spawning cover inundated on an annual recurring basis.
Broad and active floodplain. Ratio of flood-prone width to bankfull width 3-10 and only slightly entrenched. | 7 5 11,12
Bankfull width to depth ratio 12-20 and banks stable. Top of bank and bankfull elevation are easily
distinguished apart. Floodplain spawning cover inundated on an annual recurring basis.
Narrow and confined floodplain or terrace. Ratio of flood-prone width to bankfull width <3 and highly | 7 1 11,12
entrenched. Bankfull width to depth ratio <12 and evidence of bank instability. Floodplain spawning
vegetation inundation infrequent, less than on an annual recurring basis.
Connectivity to Stream Floodplain vegetation with well defined channels connected to stream; hummocks or rivulets provide | 4 9 11
unobstructed ingress and egress for spawning adults and larvae.
Floodplain vegetation with some defined channels connected to stream; hummocks or rivulets uncommon and | 4 5 11
some obstructed ingress and egress for spawning adults and larvae.
No defined and frequent channels connected to stream; hummocks or rivulets absent ingress and egress by | 4 1 11
spawning adults and larvae is generally obstructed.
Substrate Type >80% of substrate and water column obscured; dominated by grass/sedge; abundant cover for egg and larvae; | 3 9 911,12
well oxygenated
50-80% of substrate and water column obscured; dominated by grass/sedge; abundant cover for egg and | 3 7 9,11, 12
larvae; well oxygenated
25-50% of substrate and water column obscured; dominated by leaf or other coarse organic matter; moderate | 3 3 9,11, 12
cover for egg and larvae; mixed with oxygenated and decomposing material
<25% of substrate and water column obscured by thinly scattered vegetation or debris; little to no cover for | 3 1 9,11, 12

eggs and larvae; decomposing or anoxic

* References

! carbine, 1942

2 Johnson, 1957

% Franklin and Smith, 1963
* Forney, 1968

®Hassler, 1970

® McCarraher and Thomas, 1972

" Priegel and Krohn, 1975

® Fago, 1977

® Inskip, 1982

19 Raat, 1988

1 Casselman and Lewis, 1996
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Wetland Spawning Habitat Inventory

Within the study area, we inventoried 1809 ha of riparian wetlands having vegetative cover types
potentially suitable for northern pike spawning habitat. The Milwaukee River and Menomonee River
watersheds contained 1,000ha (55%) and 809 ha (45%) of the wetlands, respectively. Forested and mixed
forested, emergent wet meadow and forested, scrub/shrub are the dominant wetland cover types in the
Milwaukee River and Menomonee River watersheds totaling 78% and 74%, respectively. Emergent wet
meadow and mixed emergent wet meadow, scrub/shrub contribute 20% and 25% of the wetland cover
type in the Milwaukee River and Menomonee River watersheds, respectively. The earliest land surveys
from 1835-1836 indicated that the dominant European pre-settlement upland vegetation of the study area
and basin was largely beech/maple forest, and the lowland floodplain wetlands were a combination of
hardwood and conifer swamp forest (SEWRPC 1997). Lowland hardwood forests included black and
green ash, American elm, willow, red and silver maple. Less common conifer swamps included white
cedar and tamarack (Table 6).

Although the dominant vegetative cover type inventoried in our study area may not be considered
optimum for northern pike spawning habitat, Rost and Schuette (1998) observed most spawning pike to
utilize forested and mixed forested wetland cover types along tributaries to Green Bay, Lake Michigan.
The pre-settlement vegetative cover type in their studied watershed was cedar and tamarack swamp. They
reported that over 3,000 pike larvae were captured from 17 of 61 larvae trap sites. While the highest rate
of production of pike larvae was observed from restored emergent wet meadow wetlands and grass-lined
intermittent ditches, significant production of pike larvae occurred in subwatersheds dominated by
forested, and mixed forested wetlands similar to those present in our study area. Rost stated that
accessibility, substrate density and hydrology (water depth and duration) were more crucial to pike
production than vegetation cover type (Rost, per. corr.).

In the Milwaukee River watershed, most of the inventoried wetlands are currently considered accessible
by resident, estuary and Lake Michigan fish stocks. In the longer-term, accessibility to wetland spawning
habitat will depend on Milwaukee County’s decision to abandon the Estabrook Park Dam at RK 10 or in
the event they decide to repair and maintain the dam, provide the infrastructure to enable fish passage.
Similarly, while the Kletzsch Park Dam at RK 17 is considered at most a partial barrier to fish passage, a
more detailed assessment should be completed to identify the seasonality of such a barrier and the
potentially impacted fish species. Similarly, fish resident to Lake Michigan and the Milwaukee Estuary
would have access to wetlands in the Menomonee River watershed following the planned removal of the
Menomonee River concrete lined channel at RK 5. However, a complete inventory is needed to identify
potential barriers to fish passage along the Menomonee River, and especially its major tributaries. When
completed, a plan should be completed that identifies and prioritizes barriers in need of modification or
removal based on the proposed spawning habitat classification system.

The wetland inventory confirms that the ability to create self-sustaining populations of northern pike and
other phytophilic spawning fish stocks for the Milwaukee Estuary, rivers and tributaries is entirely
dependent on removing or modifying remaining barriers to fish movement and access to spawning
habitat, and enabling the return of adults and emigrating juveniles to reach feeding habitat in the estuary
and Lake Michigan. Potentially suitable wetland spawning habitat is located well upstream of the
Milwaukee Estuary. Suitable quality and quantity of wetland pike spawning habitat is not encountered
along the Milwaukee River until Lac du Cours and Trinity Creeks near RK 27, and especially RK 30in
the Trinity Creek-Pigeon Creek subwatersheds in Ozaukee County, and along the Menomonee River at
RK 19 in the Little Menomonee River subwatershed.
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Table 6. Summary of riparian wetlands by watershed and vegetation cover type (hectares and percent).

Percent of
Total
Wetlands
Emergent/wet Forested, Scrub/shrub, by
Emergent/wet | meadow, Emergent/wet | Forested, Emergent/wet | Total Watershed
Watershed meadow Open Water Forested | meadow Scrub/shrub | Scrub/shrub | meadow (ha) (%)
Milwaukee R.
Watershed
cover types (ha) 113 466 213 96 22 89 1000 55
% 11 47 21 10 2 9
Menomonee R.
Watershed
cover types (ha) 136 8 352 181 67 64 809 45
% 17 1 44 22 8 8
Total Study
Area cover
types (ha) 249 8 818 394 163 22 153 1809 100
% 14 0 45 22 9 1 8
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Previous field observations suggest many of the study areas wetlands may not possess suitable hydrologic
connectivity and hydroperiod for northern pike reproduction. Due to channelization and the highly
developed and impervious nature of some subwatersheds, the extent of stream channel entrenchment
relative to their floodplains has increased significantly. Stream channel forming and floodplain filling
discharge events occur during all but winter seasons, and the duration of these frequent floodplain filling
events are brief relative to the minimum 30-day hydroperiod necessary for pike spawning and
development. This condition may be more common in the Menomonee River watershed where
channelization and excessive hydraulic loads have increased channel width and depth, but channel
entrenchment is common along some of the Milwaukee Rivers major rural tributaries as a result of
channelization (Figure 10). Depending on the location and time of original and maintenance
channelization, land use changes, and sediment and discharge characteristics the impacts of
channelization may become less over time and opportunities to correct the impacts may exist.

Figure 10. Example of stream Reaches hydrologically connected and disconnected from riparian
floodplain wetlands in the Ulao Cr. subwatershed.

e

Ulao Cr. Slightly entrenched channel hydrologically Ulao Cr. Highly entrenched channel hydrologically

connected with floodplain. Bankfull width:depth ratio disconnected from floodplain. Bankfull width:depth

>20. Mixed forest, emergent wet meadow. Ratio <12. Emergent wet meadow, Reed canary
grass dominant.

Milwaukee River Watershed

We identified 1000 ha of riparian wetlands in the Milwaukee River watershed in our study area that met
our definition of riparian wetlands potentially suitable and accessible for northern pike reproduction. The
greatest concentrations of wetlands are located along tributary streams. Approximately 695 ha or 70% of
the wetlands were located tributary subwatersheds while 305 ha or 30% were riparian to the Milwaukee
River (Table 7).
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Table 7. Summary of riparian wetlands for the Milwaukee River watershed by subwatershed and vegetation cover type (hectares and percent).

Percent of
Total
Emergent/wet | Flats/ Forested, Scrub/shrub, Wetlands

Milwaukee River Emergent/wet | meadow, unvegetated Emergent/wet | Forested, Emergent/wet | Total Milwaukee
Watershed meadow Open Water | wet soil Forested | meadow Scrub/shrub | Scrub/shrub | meadow (ha) Watershed
Lincoln Cr (ha) 0

% 0
Beaver Cr (ha) 0

% 0
Southbranch Cr. (ha) 1 1

% 100 0
Lac du Cours Cr. (ha) 6 6

% 100 1
Brown Deer Cr. (ha) 6 6

% 100 1
Indian Cr. (ha) 6 6

% 100 1
Trinity Cr. (ha) 16 1 25 2 8 53

% 31 2 48 4 14 5
Ulao Cr. (ha) 25 67 129 37 1 20 280

% 9 0 24 46 13 0 7 28
Pigeon Cr. (ha) 53 206 31 6 11 38 344

% 15 0 60 9 2 3 11 34
Tributaries (ha) 94 1 316 160 43 14 66 695

% 14 0 46 23 6 2 10 62
Milwaukee R (ha) 19 150 53 53 8 23 305

% 6 0 49 17 17 3 7 31
Total cover type (ha) 113 1 466 213 96 22 89 1000

% Total 11 0 47 21 10 2 9

Comments:

62% of all wetlands in the Milwaukee River Watershed are located in Pigeon Creek and Ulao Creek subwatersheds

93% of all wetlands in the Milwaukee River Watershed are located in Pigeon Creek, Ulao Creek and Milwaukee River subwatersheds
78% of all wetlands in the Milwaukee River Watershed are forested (47%), mixture of forested, emergent/wet meadow (21%) or forested, scrub/shrub (10%)
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The five tributary subwatersheds in Milwaukee County drain a total of 8,000 ha and contain only 19 ha or
just 3% of the mapped riparian wetlands. Lincoln Creek and Beaver Creek subwatersheds in Milwaukee
County did not include any mapped wetlands capable of providing suitable northern pike spawning
habitat, while Brown Deer and Indian Creek contained just 6 ha of wetland each. Previous field
observations suggest these wetlands and streams may not possess suitable hydrology and hydroperiod for
northern pike reproduction, and are located upstream of partial or complete fish passage barriers. The
MMSD constructed a 12 ha flood control detention and wetland facility along Lincoln Creek on the
WDNR’s Havenwood Park facility. While not a “mapped” wetland on the WDNR wetland inventory, the
detention facility may provide wetland quality suitable for northern pike spawning. A passively operated
weir functions to store water during a predetermined recurring flood event and without details on the
hydrology of the site, would appear to be drained relatively quickly following each design flood event. As
such the facility may not be capable of providing the needed 30-day hydroperiod for northern pike
reproduction. A more detailed analysis would be required to determine if the existing or modified facility
could be suitable spawning habitat.

The quantity of wetlands distributed among the nine tributary subwatersheds is skewed toward tributaries
in Ozaukee County. The quantity of wetlands was independent of watershed drainage area and was driven
by the extent of urban land uses. Four Ozaukee County tributaries with a total drainage area of 8,200 ha
contained 682 ha or 97% of the riparian wetland parcels. Inversely, Pigeon Creek and Ulao Creek
subwatersheds contained 345 ha (34%) and 280 ha (28%) of the total riparian wetlands in the Milwaukee
River watershed project area. The majority of wetlands in the Pigeon Creek subwatershed are located
along ephemeral and intermittent tributaries to Pigeon Creek.

Following completion of the Ozaukee County Fish Passage program’s construction project to modify or
replace barriers to fish passage, fluvial and adfluvial fishes will have free movement between the
Milwaukee River, its principal tributaries and habitats. Ultimate fish population connectivity between
Lake Michigan and Milwaukee Estuary fish stocks with viable habitats along the Milwaukee River and its
tributaries will be dependent on ensuring fish passage at the Estabrook Park and Kletzsch Park Dams in
Milwaukee County.

Wetlands along the Milwaukee River between the estuary and Bridge St. Dam at Grafton totaled 305 ha,
or 31% of the total riparian wetlands. Within specific reaches of the Milwaukee River, the 32 km reach
between the Milwaukee Estuary and T-M Dam totaled 70 ha (23%) while the 21 km reach between the T-
M Dam and Bridge St. Dam totaled 438 ha, or 84% of the Milwaukee River riparian wetlands. All totaled,
Milwaukee River, Pigeon Creek and Ulao Creek subwatersheds accounted for 929 ha, or 92% of the
wetlands in the Milwaukee River watershed study area. With the addition of Trinity Creeks 53 ha of
wetlands, these four watersheds contained 98% of the study area wetlands. Watershed-wide, we estimated
similar wetland quantities when the Milwaukee River watershed was divided into two reaches, between
the estuary and T-M Dam (485 ha or 48%); and between the T-M Dam and Bridge St. Dam at Grafton
(516 ha or 52%). Within the Milwaukee Estuary and T-M Dam reach, Pigeon Creek contained 344 ha, or
71% of the total.

Within the Milwaukee River watershed, the dominant wetland vegetation cover type classes where
forested 466 ha (47%) and mixed forested, emergent wet meadow 213 ha (21%). Together they accounted
for 679 ha (68 %) of the cover type class. Among river reaches and tributary subwatersheds, forested
wetland cover type dominated ranging from 48% to 60%. The exception was the Ulao Creek
subwatershed where mixed forested, emergent wet meadow dominated at 46%. The majority of wetlands
in the Ulao Creek subwatershed are located in the headwaters of the Ulao Swamp 152 ha (54%) where the
pre-settlement vegetation was dominated by a closed canopy of mixed hardwood and cedar/tamarack conifers,
and lesser amounts of shrub-carr and wet-meadow. Channelization and land use change increased
flooding in the central and southern portion of the swamp causing hardwood tree mortality whereby the
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current vegetative cover type is dominated by forested, emergent wet meadow and forested, shrub-carr.
Absent these hydrologic impacts the “swamp”, like the remainder of the Ulao Creek subwatershed would
be dominated by forested vegetation (Harpner and Reinartz, 2005).

Menomonee River Watershed

We identified 809 ha of riparian wetlands in the Menomonee River watershed in our study area that met
our definition of riparian wetlands potentially suitable and accessible for northern pike reproduction. The
greatest concentrations of wetlands are located along tributary streams. Approximately 588 ha or 73% of
the wetlands were located along tributary subwatersheds while 305 ha or 27% were riparian to the
Milwaukee River. There are no mapped wetlands located in the Menomonee River reach of the
Milwaukee Estuary (Table 8).

The quantity of wetlands distributed among the seven tributary subwatersheds and the Menomonee River
is skewed toward three of the seven tributaries in Milwaukee and Waukesha Counties. Three tributary
subwatersheds, Underwood Creek, the Little Menomonee River and Lily Creek contained 466 ha or 58%
of the riparian wetland parcels. However, all 165 ha of riparian wetlands in the Underwood Creek
subwatershed are currently inaccessible by fish due to an impassable concrete invert and grade control
structures upstream of its confluence with the Menomonee River. Excluding Underwood Creek wetlands,
tributary subwatersheds contributed 52% of the Menomonee River watershed wetlands. Honey Creek did
not contain any riparian wetlands; and Butler Creek, Little Menomonee Creek and the Nor X Way
Channel each contributed 5% of the watersheds total wetland area.

Within the Menomonee River watershed, the dominant wetland vegetation cover type classes where
forested 327 ha (40%) and mixed forested, emergent wet meadow 181 ha (22%). Together they accounted
for 508 ha (62%) of the cover type class. Among river reaches and tributary subwatersheds, forested and
mixed forest, emergent wet meadow cover types ranged from 36% in the Butler Creek subwatershed to
65% in the Lily Creek subwatershed. Emergent wet meadow is the dominant cover type in the Butler
Creek (46%) and Nor X Way Channel (24%) subwatersheds.

The estimated 218 ha of wetland cover type for the Little Menomonee River was revised from the original
wetland inventory to reflect the recent conversion of approximately 25 ha of forest wetland cover type to
emergent wet meadow. The change in wetland cover type was necessitated by extensive clearing and
grubbing of woody plants to provide construction access for the removal of creosote contaminated
sediment and floodplain soils along the Little Menomonee River in 2005. Post-remediated stream reaches
were re-meandered to a higher bed elevation and floodplain elevations were lowered creating a stable and
non-incised channel plan form and hydrologically connected floodplain wetlands. The Little Menomonee
River contains the largest tract of contiguous emergent wet meadow cover type in the Menomonee River
watershed capable of meeting the hydroperiod requirements of northern pike for spawning and
development.

There are a significant number of restorable wetlands present in the study area. Kline (et al., 2006)
identified restorable wetlands in Ozaukee County based on a variety of landscape-scale features. In
addition, wetlands that do not currently have the optimum hydrologic connectivity for fish and wildlife
uses could be enhanced. An inventory of potentially restorable or enhanceable wetlands in the study area
was beyond the scope of our study.
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Table 8. . Summary of riparian wetlands for the Menomonee River watershed by subwatershed and vegetation cover type (hectares and percent).

Percent of
Total
Emergent/wet | Flats / Forested, Scrub/shrub, Wetlands
Menomonee River Emergent/wet | meadow, unvegetated Emergent/wet | Forested, Emergent/wet | Total Menomonee
Watershed meadow Open Water wet soil Forested | meadow Scrub/shrub | Scrub/shrub | meadow (ha) Watershed
Honey Cr 0
% 0
Butler Cr 18 2 12 7 40
% 46 0 5 31 18 5
L. Menomonee Cr 5 14 19 41
% 11 0 35 7 47 5
Nor X Way 10 8 9 7 7 41
% 24 20 0 22 17 18 5
Lily Cr 18 46 14 7 7 92
% 20 0 49 15 7 8 11
Underwood Cr 57 83 19 7 165
% 34 0 50 11 4 20
L. Menomonee R 51 51 82 25 2 208
% 25 0 25 39 12 1 26
Tributaries 159 8 205 137 31 50 588
% 27 1 0 35 23 5 8 73
Menomonee R 4 123 44 36 15 221
% 2 0 55 20 16 7 27
Total covertype (ha) 163 8 0 327 181 67 64 811
% Total 20 1 0 40 22 8 8

Comments:

58% of all wetlands in the Menomonee River Watershed are located in L. Menomonee River, Underwood Creek and Lily Creek subwatersheds

74% of all wetlands in the Menomonee River Watershed are located in Menomonee River, L. Menomonee River and Underwood Creek subwatersheds

74% of all wetlands in the Menomonee River Watershed are forested (47%), mixture of forested, emergent/wet meadow (21%) or forested, scrub/shrub (10%)

Estimated covertype for Little Menomonee River is based on assumptions of post-sediment remediation wetland restoration planting.
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Northern Pike YOY Production

Fish larval traps were deployed in the Ulao Creek subwatershed at Ulao Creek Station UC1 and the
Trinity Creek subwatershed at Trinity Creek Stations TC1 and TC2 for 30-days (April 6 and May 5,
2004) and over 331 water degree-days. Although the traps were planned to be deployed for a minimum
of 90-days (30-days per trap), we estimated that the traps fished effectively for only 54 days, ranging
from 14 days at Trinity Creek TC1 to 20 days at Trinity Creek TC2 and Ulao Creek UC1 (Table 9).
Filamentous algae, Cladophora spp., was a common problem clogging traps at all Stations beginning
right after deployment and especially during and following high flow events. Between April 17 and April
27, 7 cm of rain fell at Port Washington, WI located 3 km northeast of the Ulao Cr. and Trinity Cr.
watersheds. According to a local observer in Mequon, 5 cm fell over a 4-hour period on April 25 and the
Ulao Creek and Trinity Creek subwatersheds and were not recorded at the Port Washington observer.
These precipitation amounts caused the traps to be inundated, and in the case of Ulao Cr. UCL1 the traps
were dislodged and demolished. All traps were removed on April 21 and re-deployed on April 27 at
Trinity Creek TC2 and, Ulao Creek UC1 and there were not enough serviceable traps to re-deploy at TC1.
Streams remained above or near bank full conditions until they were removed on May 5.

No northern pike larvae were captured. Two white sucker larvae, a 20 mm specimen from UC1 and a 10
mm from TC1 were captured on April 15 providing only limited evidence that the deployment period
coincided with the initial emigration of white sucker. Geen (et al., 1966) and Corbet and Powles (1986)
observed white sucker to migrate 7-14-days after hatching, and Franklin and Smith (1963) reported pike
to begin emigrating from spawning grounds 16 to 24-days after hatching. These observations suggest we
might not have expected to see northern pike larvae for 9 to 20-days, a period that would have occurred
during the heavy rain and high flow period. Rost and Schuette (1998) operated pike larval traps in the
Pensaukee River watershed in northeast Wisconsin from mid-April through mid-August 1996. Their
report did not include daily logs of fish captures, but it presumed that at least some of these traps
continued to effectively capture some pike larvae over the 120 day monitoring period.

Of the remaining 9 white sucker captured among all Stations, 2 were spent males captured at Station TC1
on April 20 five days after capturing the sucker larvae. One northern pike, a 360 mm spent male and
presumed emigrating back to the Milwaukee River was captured at Trinity Creek TC1 on April 19.

When the traps were fishing during more normal seasonal conditions, they were effective at capturing
small bodied fish. If northern pike had been present in the watershed at the time the traps were fishing, the
traps would have been effective at capturing them. A total of 1,208 fish were captured averaging 19.1 fish
per trap day. Trinity Creek UC1 and Ulao Creek UC1 averaged 23.4 and 30.8 fish per trap day or
approximately 3 to 7 times the number of fish at Trinity Creek TC2. Age 0+ centrarchids were captured
at Trinity Creek Stations TC1 and TC2 likely owing to the ponds upstream. Trinity Creek Stations also
captured spotfin shiner and sand shiner, species that typically inhabit larger riverine systems and are
common to the Milwaukee River.

Table 9. Summary of larvae trap fishing effort by subwatershed and Station.

Subwatershed and Stations Number Fish Captured Trap Days Fished Fish per Trap Day
Trinity Creek TC2 63 20 3.2
Trinity Creek TC1 328 14 23.4
Ulao Creek UC1 616 20 30.8
All Stations 1008 54 Average 19.1

Sixteen fish species were collected from the three combined sites. Five species accounted for 92.1% of
the total catch: fathead minnow (59.8%); bluntnose minnow (12.1%); spotfin shiner (8.6%); central
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mudminnow and common shiner (5.8%) each. Bluegill, white sucker, green sunfish and sand shiner
contributed between 1-2% of the total three Station catch. Brook stickleback, central stoneroller,
blackstripe topminnow, rock bass, northern pike (adult), Johnny darter and black crappie each contributed
<1% of the total catch (Table 10).

Table 10. Summary of fish species numbers and percent of total catch captured by larvae fish traps for all
Stations.

Percent All
Species Number All Stations Stations
Black crappie 1 0.1
Johnny darter 1 0.1
Northern pike 1 0.1
Rock bass 1 0.1
Blackstripe topminnow 2 0.2
Central stoneroller 6 0.6
Brook stickleback 7 0.7
White sucker 11 1.0
Sand shiner 13 1.3
Green sunfish 17 1.7
Bluegill 21 2.1
Common shiner 58 5.8
Central mudminnow 58 5.8
Spotfin shiner 87 8.6
Bluntnose minnow 122 12.1
Fathead minnow 602 59.8
Total Catch 1008 100.0
Total Species 16

Species richness was greatest from the Trinity Creek subwatershed at 14 compared to the Ulao Creek
subwatershed at 8. Trinity Creek TC1 and TC2 included 13 and 10 species, respectively. Ulao Creek UC1
included 8. The greater diversity of fish in the Trinity Creek watershed may be a result of the two trap
sites being located a considerable distance closer to the Milwaukee River. Trinity Creek TC1 and TC2 are
located 0.3 km and 1 km from the Milwaukee River, whereas Ulao Creek UClis located 7.9 km from the
stream’s confluence with the Milwaukee River. Trinity Creek discharges to a free-flowing reach of the
Milwaukee River that has more diverse riverine habitat and more diverse fish assemblage. Ulao Creek
discharges to the Milwaukee River T-M impoundment which has more limited riverine habitat and less
diverse fish assemblage.

Trinity Creek TC1 included four unique fish species (central mudminnow, northern pike, rock bass and
blackstripe topminnow) absent from Trinity Creek TC2. Trinity Creek TC2 included a single specimen of
black crappie not captured from Trinity Creek TC1. Ulao Creek UC1 included two fish species (johnny
darter and central stoneroller) absent from Trinity Creek collections (Table 11).

Ulao Creek UC1 accounted for the greatest number of captured fish among all three sites at 61%. The
number of fish captured at Ulao Creek UC1 was skewed toward fathead minnows accounting for 87% of
the catch at Ulao Creek UC1, and 53% of the total fish catch among all three sample sites. Central
mudminnow totaled 9.3% of the catch at UC1 and combined with the fathead minnow catch, comprised
96.6% of the total catch at Ulao Creek UC1.
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Table 11. Relative abundance of fish captured, by species, at larvae trap Stations at Trinity Creek (TC1

and TC2) and Ulao Creek (UC1).

Trinity Cr. TC1 Species Count/Species | Percent of Total
Trinity Cr. TC1 only Central mudminnow 1 0.3
Trinity Cr. TC1 only Northern pike 1 0.3
Trinity Cr. TC1 only Rock bass 1 0.3
Trinity Cr. TC1 only Blackstripe topminnow 2 0.6
Trinity Cr. TC1 Central stoneroller 1 0.3
Trinity Cr. TC1 Green sunfish 2 0.6
Trinity Cr. TC1 White sucker 5 15
Trinity Cr. TC1 Sand shiner 10 3.0
Trinity Cr. TC1 Bluegill 19 5.8
Trinity Cr. TC1 Fathead minnow 50 15.2
Trinity Cr. TC1 Common shiner 51 155
Trinity Cr. TC1 Spotfin shiner 66 20.1
Trinity Cr. TC1 Bluntnose minnow 119 36.3
Trinity Cr. TC1 Total / Species 334/ 13 species 100.0
Trinity Cr. TC2 Species Count/Species | Percent of Total
Trinity Cr. TC2 only Black crappie 1 16
Trinity Cr. TC2 Bluegill 1 1.6
Trinity Cr. TC2 Central stoneroller 1 16
Trinity Cr. TC2 White sucker 1 1.6
Trinity Cr. TC2 Bluntnose minnow 3 4.8
Trinity Cr. TC2 Common shiner 3 4.8
Trinity Cr. TC2 Sand shiner 3 4.8
Trinity Cr. TC2 Fathead minnow 14 222
Trinity Cr. TC2 Green sunfish 15 23.8
Trinity Cr. TC2 Spotfin shiner 21 33.3
Trinity Cr. TC2 Total / Species 63 / 10 species 100.0
Trinity Cr. TC1 and TC2 Species Count/Species | Percent of Total
Trinity Cr. TC1 only Central mudminnow 1 0.3
Trinity Cr. TC1 only Northern pike 1 0.3
Trinity Cr. TC1 only Rock bass 1 0.3
Trinity Cr. TC2 only Black crappie 1 16
Trinity Cr. TC1 only Blackstripe topminnow 2 0.6
Trinity Cr. TC1 + TC2 Central stoneroller 2 05
Trinity Cr. TC1 + TC2 White sucker 6 15
Trinity Cr. TC1 + TC2 Sand shiner 13 3.3
Trinity Cr. TC1 + TC2 Green sunfish 17 4.3
Trinity Cr. TC1 + TC2 Bluegill 20 5.1
Trinity Cr. TC1 + TC2 Common shiner 54 13.8
Trinity Cr. TC1 + TC2 Fathead minnow 64 164
Trinity Cr. TC1 + TC2 Spotfin shiner 87 22.3
Trinity Cr. TC1 + TC2 Bluntnose minnow 122 31.2
Trinity Cr. TC1 + TC2 Total / Species 385 / 14 species 100.0
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Ulao Cr. UC1 Species Count/Species | Percent of Total
Ulao Cr. UC1 Bluegill 1 0.2
Ulao Cr. UC1 Johnny darter 1 0.2
Ulao Cr. UC1 Central stoneroller 4 0.6
Ulao Cr. UC1 Common shiner 4 0.6
Ulao Cr. UC1 White sucker 4 0.6
Ulao Cr. UC1 Brook stickleback 7 11
Ulao Cr. UC1 Central mudminnow 57 9.3
Ulao Cr. UC1 Fathead minnow 538 87.3
Ulao Cr. UC1 Total / Species 616 / 8 species 100.0

Central mudminnow and fathead minnow are relatively tolerant of lower dissolved oxygen levels.
Dissolved oxygen levels are extreme during summer months along the upper through middle reaches of
Ulao Creek. Previous continuous logging of certain diel water quality parameters suggests that summer
conditions may not be very conducive to a diverse fish assemblage. In some locations of Ulao Creek,
daylight dissolved oxygen concentrations were supersaturated during daylight hours and fell to levels
ranging as low as 0.3 mg/l and 1.5 mg/l (Appendix 5). Low dissolved oxygen levels in these reaches may
be associated with intermittent flow, warmwater temperatures, and based on extreme variations between
observed daytime and evening hour dissolved oxygen concentrations, the respiration by aquatic plants.
Filamentous algae, Cladophora spp., were abundant at all Stations during our study and may persist
through the summer months.

In order to reduce monitoring costs and maintain a higher degree of sampling efficiency, more
dependence on local volunteers would be needed. Our results suggest that a single trap site located further
downstream in the smaller of the two watersheds was relatively effective at accounting for >90% of the
watersheds potential species richness and >75% of the watershed catch. Limiting trap sites to a single site
in smaller watersheds may reduce trap operating costs. A trap design and installation compatible with
site-specific channel dimensions and anticipated seasonal stream discharges would improve trapping
efficiency and reduce clogging by algae and other debris.

Fishery Assessment- Northern Pike and Fish Assemblage

All totaled, 12 km or 23% of the 51 km of the lower Milwaukee River upstream of the Milwaukee
Estuary were sampled during this assessment. Fish assemblage sample efforts were similar among all
Stations ranging from 1.3 hours at Station D2 to 1.4 hours at Station U2. Pike mark-recapture efforts
were also similar among all Stations ranging from 1.4 hours at Station U1 to 1.8 at Station D2.

Sample Stations were electrofished between April 6, 2005 and May 6, 2005. Stations Ul and U2
upstream of the T-M Dam were sampled 14 to 30 days, respectively after Stations D1 and D2 located
downstream of the T-M Dam due to equipment scheduling conflict or equipment malfunction.
Instantaneous water temperatures during the April electrofishing surveys downstream of the T-M Dam
were 12°C and 13°C at Stations D1 and D2, respectively and were 3.0°C and 4.8°C cooler than water
temperatures obtained from sample Stations U1 and U2 upstream of the T-M Dam.

River discharges ranged from 5.4-29.2 cms. Discharges at Stations D1 and D2 downstream of the T-M
Dam were 2.5-5 times greater than Stations U1 and U2 located upstream of the T-M Dam between sample
dates. River discharges did not appear to affect electrofishing efficiencies within and between sample
Stations.
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Malfunctioning of the outboard motor made downstream operation and control of the boat impossible in
the fast flowing waters at Station U1l during the IBI fish assemblage run. Protocol for non-wadable
electrofishing is in a downstream direction but the outboard would not operate between idle and mid-
RPM making boat control difficult. When working in an upstream direction, the current swept fish below
the boat and the dipper was unable to collect fish due to the heavy drag on the net. While the dipper
observed abundant fish numbers, most notably redhorse, he estimated fishing efficiency at < 95%. We
concluded that aside from the mechanical problems experienced during the Station Ul event,
electrofishing with the Wisconsin “miniboom” was effective and provided an accurate sample for species
richness and relative abundance during seasonally high flow periods. Fishing with the miniboom during
seasonal low- or base-flow conditions would not have been possible along free-flowing reaches of the
river.

We estimated that 75% of the fish sampled at sample Station D1 located downstream of the T-M Dam
were obtained within 75 m of the tailwater area. The large concentration of fish below the dam, in
particular redhorse, was a result of the dam preventing upstream movement and the concentration of fish
below the dam.

Northern Pike Population Characteristics

Pike populations in the study area are low with a total of 23 northern pike captured over 12.8 km of river
(Table 12). Pike CPUE for all four Stations combined was 1.8 pike/km and 1.9 pike/hr (Table 12).
Seventeen of the 23 pike (74%) were captured downstream of the T-M Dam at Station D1 and D2 where
catches were similar at 10 and 7 pike, respectively. Pike catches at Station Ul where habitat is
transitional between free-flowing and impounded conditions, were similar to those caught downstream of
the T-M Dam. Pike CPUE was lowest along the impounded Station U2 at 0 pike and highest below the
dam spillway Station D1 at 3.1 pike/km and 3.2 pike/hr. Based on water temperatures (>15°C) exhibited
at the time Stations U1 and U2 were fished we surmised that pike would have already emigrated from
spawning sites to their preferred lentic habitat in the T-M impoundment, however no pike were captured
from the T-M impoundment.

Pike CPUE are higher in our study reaches compared to the lower Milwaukee River and Milwaukee
Estuary baseline sample period between 2001 and 2010. Mean pike/km and pike/hr from our study area
were 2-times more abundant than free-flowing reaches along the lower Milwaukee River, and 18-times
more abundant than reaches in the Milwaukee Estuary (Table 12). Higher pike CPUE for study reaches
may have been influenced by the extended time spent electrofishing. Study reaches were fished
approximately 2 to 3 times longer than Baseline sample times along the lower Milwaukee River and
Milwaukee Estuary.

The lower numbers of adult and juveniles pike from summer Inner Harbor estuary baseline collections
may be due to the lack of preferred cool water summer habitat, lack of cover and avoidance of poor water
quality. Post-spawned adults and juveniles emigrate from their spawning grounds and river habitats, and
when available, return to preferred lacustrine habitat with cooler and deeper water, and abundant aquatic
vegetation for cover and foraging. These habitat features, along with abundant forage, are present in the
northern and southern ends of the Outer Harbor area of the Milwaukee Estuary but are lacking in the
Inner Harbor during late summer periods when baseline monitoring is conducted. While water depths are
adequate in the Inner Harbor area of the estuary, aquatic vegetation is absent. Heated cooling water from
a power plant located on the Menomonee River portion of estuary maintains large areas of the Inner
Harbors summer water temperatures in excess of 32°C, with maximum summer water temperatures
measured as high as 37°C. Pike and their forage avoid these extreme summer water temperatures. Based
on creel surveys and anecdotal evidence, pike and their primary forage gizzard shad return to the Inner
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Harbor in late-fall through winter when extreme water temperatures are moderated but still remain
atypical of natural seasonal conditions.

Table 12. Northern pike relative abundance (pike/km and pike/hr) by Station (U1, U2, D1, D2), Reach
(U, D) and combined for All Stations for 2005 surveys. Relative abundance of northern pike are
compared to those along the lower Milwaukee River upstream of the Estuary (RK 5 to RK 52), the
Milwaukee Estuary, and central and southern Wisconsin rivers for years 2001-2010.

Location Surveys | Catch | Length (km) | Time (hrs) | pike/km | pike/hr
Station U1 1 6 3.2 2.8 1.9 2.1
Station U2 1 0 3.2 3.1 0 0
Subtotal Reach U 2 6 6.4 59 0.9 1.0
Station D1 1 10 3.2 3.1 3.1 3.2
Station D2 1 7 3.2 3.1 2.2 2.3
Subtotal Reach D 2 17 6.4 6.1 2.7 2.8
Total 4 23 12.8 12.0
Mean 5.8 3.2 3.0 1.8 1.9
All Stations (n=4) SD 4.2 0 0.2 1.3 14
Min 0 3.2 2.8 0 0.0
Max 10.0 3.2 3.1 3.1 3.2
Baseline Sites
Surveys | Catch | Length (km) | Time (hrs) | pike/km | pike/hr
Milwaukee Estuary Total 24 3 39.3 215
(3 reaches Milwaukee and Mean 0.1 16 0.9 0.1 0.1
Menomonee Rivers, SD 0.4 0.1 0.2 0.3 0.4
Burnham Canal) Min 0 16 0.6 0.0 0.0
Max 2 1.9 1.3 1.2 1.6
Surveys | Catch | Length (km) | Time (hrs) | pike/km | pike/hr
Total 18 17 21.0 22.8
Lower Milwaukee River Mean 0.9 1.2 1.3 0.9 0.8
(7 reaches along Milwaukee
R.) SD 0.9 0.4 0.4 0.9 0.8
Min 0 0.8 0.6 0.0 0.0
Max 2 1.8 2.7 2.5 2.1
Surveys | Catch | Length (km) | Time (hrs) | pike/km | pike/hr
Total 128 643 266.5 135.9
Statewide Mean 5.0 2.1 1.2 6.7 4.6
(33 rivers and 65 reaches) SD 15.7 3.4 0.9 20.6 10.3
Min 0 0.2 0.3 0.0 0.0
Max 173 22.4 5.8 216.3 103.8

Northern pike relative abundance along study reaches, and especially the lower Milwaukee River (RK 5
to RK 52) and Milwaukee Estuary are well below southern and central Wisconsin cool to warm water 5th
order rivers (Table 12). Study reach pike/km were 3.5 times and pike/hr were 2.2 times lower than the
statewide average. Lower Milwaukee River pike/km were 7.4 times and pike/hr 5.8 times lower than
statewide average. Even more significantly, Milwaukee Estuary reach pike/km were 67 times and pike/hr
46 times lower than the statewide average.
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Sex ratios for sexed pike were approximately 11 male to 8 female and 4 unknown. Sexing of pike was not
certain as reproductive fluids were not always present from samples obtained in early May upstream of
the T-M Dam. Inspection of the urogenital area for purposes of determining pike sex was not always
obvious for males but was more certain for females. Station Ul was sampled 14 and 30 days after
Stations located downstream of the T-M Dam. All pike collected downstream of the T-M Dam during
April were spent. Assuming male reach sexual maturity at year 2 and females at year 3 and the mean of
the average length at age of northern pike in Wisconsin is age 2 at age 360 mm and age 3 at 442 mm then
19 of the 23 pike captured were sexually mature.

Unique marks given to all captured northern pike at each Station at their release and subsequent recapture
did not show any movement of pike between Stations. However, drawing conclusions about the lack of
pike movement may be premature since the recapture survey was completed just 24 hours later at each
Station.

All northern pike, regardless of age and maturity, were used in population estimates for each river Reach
(Table 13). The pike population estimate for the Milwaukee River upstream of the T-M Dam was 8 for
R=1, 95% lower (LCI) and upper confidence (UCI) interval for the estimate N=8 is 3< N < 17. The
northern pike population estimate for the Milwaukee River upstream of the T-M Dam was 29 for R=3,
95% LCI and UCI for the estimate N=29 is 15 < N < 71. Not unexpectedly, population estimates
assuming a common population of northern pike was 41 for R=4, 95% LCI and UCI for the estimate 22 <
N < 96.

Table 13. Petersen (Chapman modification) single capture event method to estimate northern pike
populations along the lower Milwaukee River for Stations upstream and downstream of the T-M Dam.

Initial Final No.
No. Examined No. of Population
Marked | for Marks | Recaptures Estimate Lower CI Upper CI
Reach (Stations) M C R R/IC N (LCI) (UCI)
U (U1+U2) 2 5 1 0.20 8 3 17
D (D1+D2) 11 9 3 0.33 29 15 71
Combined 13 14 4 0.29 41 22 96

The mean length of northern was 559mm (s = 141mm) (Figure 11 and Table 14). Mean length for female
pike was only slightly greater than male by 54mm. Mean length of northern pike at Station U1 was 160-
196mm less than those observed for Stations D1 and D2, respectively (Table 14 and 15).
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Figure 11. Length frequency (mm) for northern pike for all Stations independent of sex.
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Table 14. Descriptive statistics for northern pike lengths (mm) by sex and for all Stations.

All Sex (mm) Female (mm) Male (mm)
Mean 559 639 585
Std. Dev. 141 87 102
Count 23 8 11
Minimum 259 539 410
Maximum 767 757 767
Coef. Var. 0.253 0.136 0.174

Table 15. Descriptive statistics for northern pike lengths (mm) by Station.

Station Station Station Station

Ul u2 D1 D2

Length Length Length Length Length

(mm) (mm) (mm) (mm) (mm)

Mean 559 430 590 625
Std. Dev. 141 127 131 103
Std. Error 29 52 41 39
Count 23 6 0 10 7
Minimum 259 318 259 524
Maximum 767 671 767 757
Coef. Var. 0.253 0.295 0.222 0.165
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The northern pike within the sampled population is estimated to range from 1-8-years of age (Figure 12).

Figure 12. Length at age and growth estimates for northern pike independent of sex.
Bivariate Scattergram with Regression
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Fish Assemblage

We collected a total of 22 native species and two non-native species ---rainbow trout and common carp.
The 507 individual fish captured totaled 398.9 kg of biomass. Five species comprised 65% of the total
number of individuals and included golden redhorse (28%), smallmouth bass (11%) and white sucker
(9%), common carp (9%) and greater redhorse (8%). Three species comprised 67% of the total biomass
included golden redhorse (29%), common carp (24%) and greater redhorse (15%). Five top predator
species comprised 17% of the total biomass including northern pike (7%), smallmouth bass (6%), channel
catfish (2%), walleye (2%) and largemouth bass (<1%) (Table 16).
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Table 16. Summary statistics for species, number of individual species and biomass (kg) of individual

species for all Stations.

Native Weight
Count | Species Count Count (%) (kg) | Weight (%)
1 | Black bullhead 1 0.2 0.3 0.1
1 | Black crappie 4 0.8 0.5 0.1
1 | Bluegill 13 2.6 1.5 0.4
1 | Bluntnose minnow 4 0.8 0.0 0.0
1 | Channel catfish (TP) 6 1.2 7.4 1.9
Common carp 46 9.1 97.0 24.3
1 | Common shiner 28 5.5 0.2 0.1
1 | Golden redhorse 143 28.2 116.5 29.2
1 | Greater redhorse 41 8.1 57.4 14.4
1 | Green sunfish 12 24 1.2 0.3
1 | Horneyhead chub 6 1.2 0.1 0.0
1 | Largemouth bass (TP) 4 0.8 1.2 0.3
1 | Logperch 2 0.4 0.0 0.0
1 | Northern pike (TP) 23 4.5 29.5 7.4
1 | Pumpkinseed 2 0.4 0.1 0.0
Rainbow trout 4 0.8 10.6 2.7
1 | Rock bass 38 7.5 4.7 1.2
1 | Shorthead redhorse 24 4.7 11.7 2.9
1 | Smallmouth bass (TP) 51 10.1 22.4 5.6
1 | Spotfin shiner 1.2 0.0 0.0
1 | Walleye (TP) 0.6 6.7 1.7
1 | White sucker 46 9.1 29.9 7.5
20 | Totals 507 100.00 398.9 100.0
(TP) = Top Predator 67.2 16.8

Stations D1 and D2 downstream of the T-M Dam included 17 native species and Stations U1 and U2
upstream of the dam included 13 native species. Stations D1 and D2 downstream of the dam included
seven species that were absent from Stations U1l and U2 located upstream of the T-M Dam. They
included black bullhead, bluegill, common shiner, horneyhead chub, logperch, spotfin shiner and white
sucker. Stations Ul and U2 included three species that were absent from Stations D1 and D2 including
channel catfish, largemouth bass and pumpkinseed. Channel catfish were unique to Station U1. A single
walleye each was captured at Stations D1, U2, and U1. The walleye at Station D1 weighed 4.7 kg and
was unmarked. Similarly, the walleye captured at Station U1 was also unmarked whereas the walleye
collected from impounded Station U2 included a left pectoral fin clip that was unique to it being stocked
in the Milwaukee Estuary. The fish may have passed beyond the dam when it was submerged during a
high flow period, but may have been relocated by fishers after it was caught below the dam. This is a
popular practice, especially by younger fishers.
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Four species of sucker were captured including the state listed Threatened greater redhorse (WDNR 2006
and 2007), golden and shorthead redhorse, and white sucker. Silver redhorse are present in the lower
Milwaukee River watershed but were not captured from any of the station samples.

We collected a total of three intolerant species among all stations. They included rock bass, smallmouth
bass and greater redhorse. All three species were present at Stations D1 and D2 downstream of the T-M
Dam. Upstream of the T-M Dam, intolerant rock bass and smallmouth bass were present at Station Ul
while intolerant greater redhorse and smallmouth bass were present at impounded Station U2. It is
noteworthy that only one of the 36 smallmouth bass collected between Stations U1 and U2 was collected
from impounded Station U2.

We collected only three riverine species among all four Stations. They included the horneyhead chub,
spotfin shiner and golden redhorse. All Stations were well below the optimum number of riverine species
(>6), with all Stations including 1-2 riverine species each. Based on a review of current and historical fish
distribution records, the Milwaukee River Basin contains approximately 12 riverine species, including
recently stocked lake sturgeon, but excluding flathead catfish and freshwater drum captured in the
Milwaukee Estuary. Riverine species known to be present in our studied reaches based on collections
since 1999 include gizzard shad, largescale stoneroller, rosyface shiner, sand shiner, emerald shiner,
blacknose dace, creek chub, silver redhorse, stonecat, fantail darter, and blacksided darter. Higher sample
flow and water depth conditions, and sampling outside the June 15-September 15 window for non-
wadable streams may partly account for the absence of more of these species from our samples. While
sample Stations were low in the number of riverine species, specialized riverine species comprised 22%
to 49% of the number of fish captured at Stations U2, D1 and D2, with golden redhorse being the
dominant riverine species in terms of numbers and biomass.

IBI results for Station U1 indicated “poor” (15 points) environmental quality. We felt that the “poor”
results for Station U1 did not accurately represent the observed environmental quality of the station but
were instead more reflective of the equipment malfunction and resulting poor fishing effectiveness. The
river’s current and drag on the dippers net made it especially difficult to capture the large bodied suckers
(Catostomidae) that dominated the station. The presence or absence of suckers reflect on a number of key
metrics and scores, specifically the weight per unit effort (WPUE), number of species, and the proportion
by weight of sucker, riverine, simple lithophilous spawners, insectivores and round suckers. Therefore,
we limit the discussion about the fish assemblage results for Station U1.

IBI values and ratings for the remaining stations ranged from “good” (65 points) at Station U2 located in
the T-M impoundment and Station D2 located at the lower limits of the free-flowing study area; to
“excellent” (85 points) at Station D1 located downstream of the T-M Dam (Table 17) (Appendix 6).

According to Lyons (2001) variations in IBI values of 5-15 points are considered normal and not
statistically different, and variations of 20 points are marginally significant. Temporal and spatial
variations of 25 points or more represent a significant change in the fish assemblage. Between station
differences were marginally significant at 20 points difference between Stations U2 (65 pts.) and D2 (65
pts.) versus Station U1 (85 pts.). The marginal differences in IBI may suggest that environmental factors
impacting the fish assemblage may be influenced more by local sources/features than watershed-wide
conditions. Environmental quality along the T-M impoundment Station U2 is typical of many impounded
rivers in developed watersheds. Water quality is limited by turbidity and algae blooms and there are
extensive and deep deposits of fine textured sediments. Cover is limited to woody debris and lesser
amounts of submerged rip rap. Macrophytes are scarce and may be limited by turbidity and the benthic
feeding behavior of an abundant common carp population. Approximately 50% of the shoreline is
developed with minimal or no vegetative buffer. Station D2 is located in the lowest reach of our study
area. It is a low gradient reach of river consisting exclusively as deep run, and there are long stretches
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with accumulated fine sediment. Woody debris provides most of the cover for fish. Of all the Stations
sampled, it is most impacted by urban non-point sources of pollution. Sewers discharge storm water from
the high density commercial development along SH 100 and the direct discharge from the fully developed
Beaver Creek subwatershed. Station U1 has the most diverse stream features compared to Stations U2 and
D2. The stream channel has a steeper slope and greater shear forces promote scouring of fine textured
sediment. Substrates are coarse cobble and gravel and features include pool/riffle and run.

The value of the IBI for evaluating river ecosystem conditions and trends is made possible by the
inclusion of individual fish species richness, abundance, composition, indicator species, reproductive
function, and relative health. Individual IBI metrics, and not just the “final” IBI score and rating, should
be used to interpret environmental problems and differences between sites. Stations D2, D1 and U2
scored optimum or “good” metrics for weight per unit effort (WPUE), % fish captured as riverine taxa, %
fish captured as simple lithophilic spawners, % of total biomass catch as insectivores, and % of total
biomass catch as round suckers. Station D1 also scored “good” for the number of intolerant taxa and % of
fish captured with DELTSs (deformities, eroded fins, lesions and tumors), while Station D2 and U1 scored
“fair” or “poor” for the same metrics. Among the stations that scored optimum for individual metrics,
Station D2 and D1 had more than twice the WPUE than Station U2. Differences in WPUE were a result
of the greater biomass (and numbers) of golden redhorse, greater redhorse and northern pike captured at
Station D2 and D1. Station D1 scored “fair” for the number of native species with 14, while Stations D2
and U2 scored “poor” with nine native species.

Although non-native and tolerant species are not included in the IBI, the non-native and tolerant common
carp were very abundant in the T-M impoundment Station U2. The sheer numbers and size prevented the
dipper from obtaining even larger and more representative biomass sample of the carp. Even after
excluding anymore carp from capture, common carp from Station U2 sample comprised 56% of the
biomass compared to 22% at Station D2 and 11% at Stations D1. The large number and biomass of carp
in the T-M impoundment relative to the free-flowing Stations is not unexpected. Carp prefer warm,
eutrophic and sluggish waters such as the T-M impoundment. They are suited for feeding in fine
substrate, and can tolerate high levels of turbidity and depressed oxygen concentrations for all life stage,
including eggs, and prefer low gradient and velocity (Edwards and Twomey, 1982).

Golden redhorse were the dominant fish biomass at Stations D2 and D1 comprising 39% and 26%,
respectively. Golden redhorse comprised 30% of the fish biomass at impounded Station U2 and were
second to common carp at 56% of the total biomass. Golden redhorse were relatively rare throughout
impounded Station U2 with exception of a small area located in the “narrows”, a short, deep and
narrower, and moderately scoured area with coarse sand and gravel substrate.

The fish assemblage results suggest that the number and biomass of forage for top predator fish is not

limiting to the maintenance of a self-sustaining population of northern pike and other top predator (i.e.,
walleye and smallmouth bass) recreational fishery.
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Table 17. Index of Biotic Integrity (IBI) metrics, scores and ratings by Station.

WPUE
excluding No. %
tolerant sp. | Native Sucker Intolerant | Riverine % % % % Round
Caught Weight IBI & Species | Species Species Species DELT | Riverine | Lithophils | Insectivore | suckers
Station (n) (9) Score Rating | salmonids (n) (n) (n) (n) (n) (n) (n) (wt) (wt)
Ul 73 24.68 22.28 10 2 2 1 1.37 1.40 4.17 2.19 1.34
Ul 15 5 0 0 5 0 5 0 0 0 0
Ul V.POOR fair poor poor fair poor fair poor poor poor poor
U2 96 92.88 41.08 9 3 2 1 2.08 48.96 62.39 41.63 41.55
U2 65 10 0 5 5 0 5 10 10 10 10
U2 GOOD good poor fair fair poor fair good good good good
D1 206 | 153.75 104.11 14 4 3 2 0.00 22.33 66.00 46.72 58.72
D1 85 10 5 10 10 0 10 10 10 10 10
D1 EXCELLENT good fair fair good poor good good good good good
D2 132 | 12757 92.63 12 4 3 2 3.8 46.20 65.90 60.94 60.74
D2 65 10 5 5 5 0 0 10 10 10 10
D2 GOOD good fair fair fair poor poor good good good good
0 Poor 0-9.9 0-11 0-2 0-1 0-4 >3 0-10 0-25 0-20 0-10
5 Fair 10-25 12-15 3-4 2 5-6 3-0.5 11-20 26-40 21-39 11-25
10 Good >25 >15 >4 >2 >6 <0.5 >20 >40 >39 >25
Score Ratings
80-100 Excellent Milwaukee R. Station I.D. and Description
60- 75 Good Ul T-M Impoundment Headwater (Transition between impoundment and free-flowing river)
40 - 55 Fair U2 T-M Impoundment
20- 35 Poor D1 T-M Dam Tailwater (Mequon Rd. to Dam)
0- 15 Very poor D2 Range Line Rd to Schroeder Dr. extended
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Recommendations

Unless otherwise stated, the following recommendations are not proposed to be undertaken by any
particular management group or individuals.

Fish Passage Barriers

Selective barrier removal or modifications to enable fish to reach historical spawning habitats is a viable
management practice for restoring or otherwise enhancing Great Lakes fish populations on a regional and
local scale (Francis et al., 1979; Kelso and Minns, 1995). Bouvier (et al., 2009) studied the influences that
wetland connectivity have on local and regional fish assemblage in the lower Great Lakes and concluded
that increases in the rate of connectivity had a positive effect on fish assemblage species richness and
piscivore richness. A watershed approach to reconnecting northern pike wetland spawning habitat beyond
the fully developed Milwaukee Estuary AOC may provide the only viable means for creating a more
sustainable and abundant population of northern pike. The watershed approach is a viable model for
restoring or enhancing other phytophilic and lithophilic spawning fishes in the Milwaukee Estuary AOC
including walleye and lake sturgeon, two species currently being managed with active restoration plans.
Despite removal of major impediments to fish passage in the Milwaukee AOC since 1997, hundreds of
potential complete or partial barriers to fish passage remain, especially along major tributaries of the
Milwaukee River, and the Menomonee River and its major tributaries (SEWRPC, 2009).

1. Complete a screening level inventory of potential for the Menomonee River and its major
tributaries in Milwaukee, Waukesha, Washington and Ozaukee Counties (SEWRPC, 2009), and
the major tributaries of the Milwaukee River in Milwaukee County using standardized protocols
(Great Lakes Connectivity Workgroup. 2011).

2. Complete a hydrologic and hydraulic assessment of the Estabrook Park and Kletzsch Park Dams
as partial barriers. Specifically, determine the tailwater versus surface water elevation differences
between the fixed crest and control spillway for a full range of flood events including the annual
and 2-year recurrence interval to ascertain these structures impacts on fish passage.

3. ldentify a full array of structural management alternatives for the Milwaukee County owned
Estabrook and Kletzsch Dams that will enable year-around and unrestricted fish passage and
work with Milwaukee County and other external partner to fund and construct an acceptable fish
passage alternative. Options include active and passive fish passage facilities, and dam removal.

Wetlands

Prior to European settlement, the Milwaukee Estuary AOC once contained a diverse and abundant fish
assemblage complimented by the complex and diverse habitats formed at the confluence with Lake
Michigan, over 2500 ha of estuary wetlands, and unimpeded access to watershed-wide riverine and
wetland habitats. Wetlands are no longer present in the Milwaukee Estuary, and absent access to suitable
wetland spawning habitat, northern pike abundance would remain below expectations. Our landscape-
scale inventory for the AOC revealed over 1,800 ha of riparian wetlands along the Milwaukee and
Menomonee Rivers and their major tributaries. However, while the quantity of remaining wetlands
appears adequate for pike spawning habitat, the quality of wetlands cannot be determined at this scale.
Similarly, there is little quantifiable information regarding the hydrologic connectivity, depth and duration
(hydroperiod) between the subject streams and wetlands necessary for adult and juvenile access,
spawning and development. Traditional hydrologic analyses have emphasized estimating extreme
conditions such as low-flow and flood frequencies. Restoring the biological function of streams and their
floodplains requires extending these analyses to recurring seasons, duration and timing (Fischenich and
McKay, 2011).
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1. Using existing landscape-scale inventory of wetlands in this study and those recently completed
by Kline (et al., 2006), classify wetlands according to the proposed wetland classification system
for northern pike spawning.

2. Complete detailed reach-scale topographic surveys, and subwatershed-scale hydraulic and
hydrologic (H&H) analyses for major tributary stream channels and their active floodplains. To
the greatest extent possible, the H&H analyses should include daily and monthly (March through
May) mean flows and surface water elevations for the 90 percent annual probability of occurrence
(approximately the annual or 1-yr recurrence interval).

3. Following 1 and 2 above develop a tiered approach for completing the next level of inventory that
can be used for prioritizing stream reaches and wetland parcels for restoration or enhancements,
stocking efforts for northern pike, and monitoring.

4. ldentify potential water-based parcels and explore the feasibility of re-creating coastal wetlands in
the Outer and Inner Harbor of the Milwaukee Estuary including but not limited to the upper-most
reaches of the Burnham and Menomonee Canals (Menomonee River); Menomonee River
immediately upstream of the 6™ St. Bridge; Grand Trunk Yards (Kinnickinnic River); and
upstream-most reaches of the Milwaukee River estuary and between the former North Avenue
Dam (RM 3.2) and Pleasant St. (RM 2.3).

5. Efforts and priorities to restore or enhance wetlands for northern pike spawning and nursery
habitat should not be made independent of potential benefit and impacts to multiple wetland uses
and values.

Northern Pike Management

Once considered abundant, northern pike populations in the Milwaukee Estuary and connecting rivers are
well below expectations compared to state-wide waters. A strategy to rehabilitate a spawning and
ultimately a self-sustaining population of northern pike in the Milwaukee Estuary AOC should only use
Lake Michigan genetic populations. Northern pike should be stocked at various early life stages (embryo,
larvae and juvenile) with the goal of establishing local stocks that exhibit spawning- and natal-site
fidelity. At a minimum, stocking sites should be located at a subwatershed (i.e., tributary) scale. Based
on our landscape-scale inventory of spawning habitat, fish accessibility, and subwatersheds with prior
documented northern pike production, we propose stocking of pike larvae in the following subwatersheds:

1. Menomonee River Watershed, Little Menomonee River Subwatershed — Located in the
Menomonee River watershed, it includes the largest contiguous tract of emergent wet meadow or
mixed emergent wet meadow cover type in the study area. Monitoring their subsequent
survivability, return migrations and potential spawning success may provide transfer information
for other urban streams in the Great Lakes Basin.

2. Milwaukee River Watershed, Pigeon Creek Subwatershed — Has the largest concentration of
riparian wetlands among all tributaries in the study area. Removal of two partial barriers has
enabled access to the majority of these riparian wetlands.

3. Milwaukee River Watershed, Ulao Creek Subwatershed — Located upstream of the T-M Dam
fishway, pike returning to this “imprinted” watershed would provide additional evidence
regarding the effectiveness of the fishway. In addition, the T-M impoundment has few top
predators. Northern pike recruitment to the T-M impoundment would provide a top-predator to
partially control the abundant common carp population.

4. Milwaukee River Watershed, Trinity Creek (spawning ponds) Subwatershed — Three options:

o Field transfer of “green” adults from the Milwaukee River and Milwaukee Estuary to
spawn on Trinity ponds spawning shelves,

o Fertilized gametes obtained from Milwaukee Estuary northern pike stock and placed onto
spawning shelves, or
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e Stocking with pike larvae. Use of this facility for pike production would be dependent on
planned alterations to the pond inlet/outlets and changes to pond management described
earlier in the report.

5. These populations should be marked to enable biologists to track their movements beginning with
their emigration from their natal (stocked) sites; their juvenile and adult habitat through return
spawning migrations.

Ultimately, selection of smaller-scale site-specific larvae stocking locations in these subwatersheds should
account for the sites quality and quantity of spawning and nursery habitat; the extent of barrier-free access
for adults and juveniles; the sites hydroperiod; and the quality, extent and proximity to juvenile-adult
habitat.

Casselman and Lewis (1996) and Minns (et al., 1995) concluded that pike survival to juvenile stage was
highly dependent on the proximity between spawning and vegetated deep water habitat. The tributary
stocking sites recommended above are located a minimum of 32 km upstream of the Milwaukee Estuary
and more optimum juvenile and adult habitat. In order to increase the survivability and recruitment of
northern pike, stocking should also include sites in the Milwaukee Estuary. We conservatively estimated
200 ha of suitable juvenile-adult habitat (based on optimum depth and macrophyte coverage) present in
the Milwaukee Estuary’s 624 ha Outer Harbor, including the South Shore harbor to the south.

WDNR qguidelines for northern pike “rehabilitation” projects recommend stocking larvae at a rate of
1,000/acre (405/ha) of available habitat and a maximum of 200,000 per water; followed by fingerlings in
the fall if assessments show poor larvae survival. Fingerlings may be stocked again the following year, if
desired. Small fingerlings 3.5-5.5 inches long (89-140 mm) may be stocked at a rate of no more than
5/acre (2/ha) and a maximum of 5,000 per water; and large fingerlings >7 inches long (>178 mm) at a rate
of no more than 2/acre (1/ha) and a maximum of 5,000 per water. Stocking adults (field transfer) to
reproduce is also acceptable.

In addition, several other projects would enhance the chances for successful northern pike rehabilitation
in the Milwaukee Estuary AOC:

1. Provide technical assistance to the City of Mequon and Ozaukee County Fish Passage Program in
modifying the inlet/outlet to the Trinity Creek wetland area; developing a comprehensive
management plan for the facility that enhances northern pike spawning habitat and pike
production; reduces or eliminates common carp and other undesirable fishes through managed
winter-Kill; reduces turbidity and phosphorus loadings from bioturbation, increases light
penetration and aquatic plant diversity and abundance, and overall water quality.

2. Work with the MMSD to determine if the 12 ha flood control detention pond and wetland along
the upper reaches of Lincoln Creek could provide suitable northern pike spawning and nursery
habitat. If feasible, include this waterbody in the northern pike rehabilitation plan above.

3. Complete a comprehensive assessment of adult northern pike spawning populations in the
Milwaukee Estuary to include mark/recapture and tracking surveys to assess their seasonal
movements within the estuary and along connecting rivers and their major tributaries.

Milwaukee Estuary AOC Habitat Assessment

In the absence of access to suitable spawning habitat, protecting and restoring juvenile and adult habitat is
critical to the creation of sustainable northern pike populations in the Great Lakes ecosystem. Casselman
and Lewis, 1996, and Minns (et al., 1996) concluded that spawning habitat was less critical but more
easily manipulated for optimizing pike recruitment than juvenile and adult habitat, especially in
environments with low anthropogenic impacts. Juvenile and adult pike need unrestricted and contiguous
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access to preferred juvenile and adult habitat, most importantly moderately dense (40%-90%) submergent
and emergent native aquatic plant beds and suitable water depths (Casselman and Lewis, 1996).

Although shallow and deep water habitat in the Milwaukee Estuary has been highly modified, portions of
the Milwaukee Estuary, in particular the Outer Harbor possess more complex habitat than the Inner
Harbor. The Outer Harbor’s northern-half and extreme-southern end have more variable depths and
submerged macrophyte beds. Local units of government and private entities are managing rooted aquatic
plants through cutting/harvesting and chemical treatments, in order to operate and maintain marinas and
connecting channels for recreational navigation without an appreciation of the impacts on pike and other
fish populations.

The Milwaukee Estuary Inner Harbor is fully developed with steel and wooden bulkheads at various
stages of structural integrity. Most of the river channel and connecting canals were dredged for
commercial navigation. Approximately 3.3 km of the 5 km of the upper Milwaukee River portion of the
estuary has been “de-certified” for commercial navigation and maintenance dredging and shoaling rates
are increasing. These changes in river use may provide opportunities for small-scale habitat restoration
projects that benefit fish, other aquatic life and wildlife, and enhanced water and land-based recreational
uses.

There has never been a comprehensive inventory of the physical, chemical and biological habitat
attributes in the Milwaukee Estuary AOC, and connecting waterways. Completing such an inventory
would provide the basis for identifying realistic goals and plans for restoration or enhancement of fish,
aquatic life and wildlife populations in the AOC.

Complete a detailed GIS based inventory of the physical, chemical and biological features of the
Milwaukee Estuary Inner and Outer Harbor areas. Multiple state and federal agencies, academic
institutions and utilities currently monitor various media in the Milwaukee Estuary. The results should be
used to develop a comprehensive plan, developed by stakeholders, to prioritize protection of existing
critical habitats, and potential habitat restoration projects.

Non-Wadable Baseline Monitoring

There are long reaches of the lower Milwaukee River whose fish assemblages cannot be adequately
assessed using wadable electrofishing methods because of excessive water depths. By conservative
estimates, approximately 29 km of the 52 km, or 55% of the lower Milwaukee between its confluence
with Lake Michigan and the Bridge St. Dam in Grafton cannot be effectively sampled using wadable
electrofishing gear. Approximately 17 km or 33% of this reach is impounded.

The results of this study suggest that Non-Wadable Baseline Monitoring protocol can be effective for
assessing the environmental quality and fish assemblages in medium-sized rivers that include similar
lengths of wadable and non-wadable reaches. The use of Non-Wadable protocol to estimate river 1Bl and
resulting environmental quality outside the summer base-flow sample period used to calibrate and verify
the IBI model does require a footnote when reporting the results. When our results are compared to fish
sample results obtained from nearby and comparable river reaches following summer base-flow Wadable
Baseline protocol and towed electrofishing gear, Wadable Baseline sample results included a greater
diversity of fish species, most notably among small-bodied and benthic species (i.e., cyprinids and
percids). On the upside, sampling fish populations under spring high-flow conditions using mini-boom
electrofishing gear and Non-Wadable protocol is an effective means of fishing for large-bodied
potamodromous species that exhibit spawning migrations and concentrations, and the ability to examine
fish populations too deep and inaccessible using towed electrofishing gear.
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Water-based resource managers recognize that the value and accuracy of reporting IBI results and trends
can be compromised when following a less than an adequate sample frequency. As with many biological-
based environmental indices, metrics, final scores and ratings, and temporal trends can be masked by
natural and anthropogenic variations. Lyons (et al, 2001) noted that IBI temporal variations in high-
quality reaches were relatively low at 5-9 points or 5-10% of actual IBI scores; however, temporal
variations were significantly higher in degraded reaches at 28-30 points or 70-110% of actual scores. To
account for these variations, Lyons recommends multiple samples over several years in order to detect
significant spatial and temporal differences in river ecosystem condition, especially from more degraded
river reaches.

Given the limited fishery information for the lower Milwaukee Estuary AOC due to wadable sample
constraints; the demonstrated effectiveness of this studies use of Non-Wadable Baseline Monitoring
protocol in sampling and assessing fish assemblages, including game and non-game species; and
assessing environmental quality in the Milwaukee Estuary AOC, the following recommendations are
made for future monitoring fish assemblages in the Milwaukee Estuary AOC:

1. Continue to monitor the four Non-Wadable Baseline sites in the Milwaukee Estuary AOC on an
annual basis.

2. Repeat the spring mini-boom electrofishing survey for the Milwaukee River and T-M
Impoundment from this assessment on a bi-annual basis, for a total of four survey sites to gage
the pre- and post-effectiveness of the above management recommendations, as appropriate.

3. Expand the number of bi-annual spring mini-boom surveys for the Milwaukee Estuary AOC to
include free-flowing reaches upstream and downstream of the Estabrook Park and Kletzsch Park
impoundments, and the impoundments for a total of six survey sites.
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