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Summary of Fish Communities in Underwood Creek,
Milwaukee, Wisconsin, April 2021

By Amanda H. Bell, Sophia LaFond-Hudson, Owen M. Stefaniak, James T. Romano, and Daniel J. Sullivan

Abstract

Portions of Underwood Creek in Milwaukee County,
Wisconsin were reconstructed beginning in 2010 to allow for
improved fish habitat and better management of streamflow
during storm events. Four reaches of Underwood Creek
were sampled in April 2021 for fish abundance by species to
evaluate the status of fish communities after reconstruction
efforts were completed. A total of 25 fish species were
collected during the April 2021 sampling events. Reach D,

a recently restored reach, contained the most fish species

(14) and individuals (391). White suckers (Catostomus
commersonii) were present in three of four reaches, fulfilling
one of the success metrics outlined in the Underwood Creek
restoration plan. Another success metric, collection of young
of year northern pike (Esox lucius), was not met in this
sampling event. However, spawning steelhead (Oncorhynchus
mykiss) were observed in several reaches, indicating that
reconstruction allowed for suitable habitat and passage for
some migratory fish.

Introduction

This report summarizes the status of fish communities
during and following restoration efforts in Underwood Creek,
Wisconsin. Portions of this report’s introduction, methods, and
results were originally presented in Bell and others (2021) and
are restated or summarized herein.

Underwood Creek is an 8-mile long, small, wadable
stream in Waukesha and Milwaukee Counties, Wisconsin,
and is a major tributary to the Menomonee River (fig. 1).

The 20-square-mile watershed mostly consists of urban land,
including dense residential, commercial, and industrial areas
(Scudder Eikenberry and others, 2020b). During the 1960s and
1970s, sections of Underwood Creek were modified from their
natural bed into a wider, concrete-lined, straightened channel
with multiple drop structures to mitigate flooding (U.S. Army
Corps of Engineers, 2015). However, 50 years of increased
urban development created larger overland flows than the
modified channel was designed to manage (U.S. Army Corps
of Engineers, 2015). This urban runoff has led to degradation

of the biotic communities (Scudder Eikenberry and others
2020a). In 2006, the Milwaukee Metropolitan Sewerage
District and the U.S. Army Corps of Engineers developed a
plan to reconstruct Underwood Creek from the confluence
of the Menomonee River upstream to U.S. Highway 100 to
improve flood management and restore the biotic integrity of
Underwood Creek (fig. 1; Southeastern Wisconsin Regional
Planning Commission, 2000; Sear and others, 2010; Sear
and Fowler, 2006; U.S. Army Corps of Engineers, 2015).
This reconstruction effort replaced the concrete-lined channel
and drop structures, which prevent fish from migrating from
Lake Michigan to the headwaters to spawn, with a more
natural boulder and stone-lined channel and a riffle-pool-run
design. It also widened the floodplain area and reestablished
native vegetation in the riparian corridor. The first phase of
the reconstruction was completed in 2010 and encompassed
reach B (U.S. Geological Survey [USGS] station 04087088,
reach B; U.S. Army Corps of Engineers, 2015). The second
phase, completed in 2017 and encompassing reaches A and D,
included the section of Underwood Creek from Highway 45
downstream to the confluence with the Menomonee River
adjacent to Hansen Golf Course (USGS station 04087088,
reach A; U.S. Army Corps of Engineers, 2015). A feasibility
study began in 2018 to remove an additional 12,600 linear feet
of concrete and 5 drop structures in upper Underwood Creek
upstream of Mayfair Road (U.S. Army Corps of Engineers,
2018). For more details on the history and timeline of
reconstruction, refer to Bell and others (2021).

The goal of this project is to reconnect anadromous
fish with historical spawning habitat in the headwater of
Underwood Creek by reducing creek velocities to allow
passage for species such as northern pike (Esox lucius) and
steelhead (Oncorhynchus mykiss), and to provide rest areas
and areas of reduced predation. Fish community surveys at
reach A have been conducted by the USGS every 3 years
since 2004, as part of a larger Milwaukee Metropolitan
Sewerage District and USGS cooperative project. In 2016,
a 3-year sampling schedule for fish community surveys
began in reach B after the reconstruction of the channel and
reinstallation of the USGS streamgage (04087088). In the
spring of 2019, a third reach near Elm Grove, immediately
upstream from the county line between Milwaukee
and Waukesha Counties near Bluemound Road (USGS
station 0408708567; hereafter Elm Grove reach), was sampled
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Figure 1. Map showing reaches sampled in Underwood Creek, Milwaukee, Wisconsin, April 2021.



to provide a baseline to allow for eventual comparison of
data before and after the completion of reconstruction efforts
upstream of Mayfair Road. By 2021, most of the stream
reconstruction was complete in the lower reaches of the
stream downstream of Mayfair Road. In April 2021, the
USGS completed a fish community survey at four locations
along Underwood Creek, including two new reaches, C and
D. Reach C was a shallow and wide reach just before the
confluence with the Menomonee River; it contained little
structure or spawning habitat and was expected to have been
easily traversed by migratory fish. Reach D was in a recently
restored channel and riparian area (completed in 2017) and
was located between reaches A and B. This report describes
the results of the 2021 sampling effort and qualitatively
compares those results to earlier sampling efforts described in
Bell and others (2021).

Methods

The methods used to survey the fish community are
based on Moulton and others (2002). A representative fish
community sample was collected using a backpack-mounted
electrofishing unit and a minnow seine with 1/4-inch mesh
along a 150-meter reach at each location. Throughout this
report, the term reach refers to these 150-meter sections of
stream that have similar hydrologic and habitat conditions.
Two electrofishing passes of the sampling reach were
supplemented with three seine hauls per site. The sampling
effort was consistent for all sampling events. Certified
and experienced personnel operated a backpack-mounted
electrofishing unit that used a pulsed direct current. Two
additional personnel used nets with 1/4-inch mesh to capture
the fish and place them in buckets with battery-operated
aerators to minimize stress on the fish. Identification was
determined by one of two aquatic biologists. Fish were
identified to the lowest practical taxonomic level (generally
species), counted, and released to the stream. Those few fish
that could not be identified in the field were identified later
in the lab. In the case of game fish, the fish total length and
weight were recorded for the first 30 fish of each species. Data
collection, quality assurance, and data storage are described in
Bell and others (2021).

Fish counts by species from 2021 were used to compute
a fish index of biotic integrity (IBI) for Wisconsin warm-
transition streams (Lyons, 2012). The IBI is a relative score
to assess the condition of the fish assemblage that is based
on biological metrics including the number of species and
individuals; native species; predator fish; number of fish in
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certain groups such as sunfishes (Centrarchidae), suckers
(Catostomidae), and pollution-sensitive and pollution-tolerant
fish. The programming language R version 4.3.1 was used for
summarizing the data (R Core Team, 2023).

In a previous report, data collected prior to 2021 were
analyzed using the warmwater IBI based on temperature and
flow data from the USGS Underwood Creek at Wauwatosa,
Wis., streamgage (USGS station 04087088; U.S. Geological
Survey, 2020; Bell and others, 2021). However, this
report updates those scores based on guidance from the
Wisconsin Department of Natural Resources to select IBI
based on natural community assessments; under this criteria
Underwood Creek is classified as warm-transition (Wisconsin
Department of Natural Resources, 2020). Additionally, the
stream temperature model presented in Stewart and others
(2015) predicts that Underwood Creek would be in the
warm-transition range (Stewart and others, 2015). In the
present study, we analyze newly collected data and reanalyze
previously collected data using the warm-transition IBI. All
reaches are considered mainstem except EIm Grove (fig. 1),
which is considered a headwater.

The similarities of the fish communities in each sample
were assessed with Bray-Curtis Similarity using Primer 6
software (Bray and Curtis, 1957; Clarke and Gorley, 2006).
The relative abundance of each taxon was determined for each
sample and then fourth-root transformed before a Bray-Curtis
Similarity was performed to determine similarity between
each of the samples. Similarities range from 0 (having no
similarity) to 100 percent (samples are equal). A fourth-root
transformation decreases the effects of common taxa and
increases the effects of intermediate and rare taxa such that
more taxa have an effect in the final multivariate analyses
(Clarke and Gorley, 2006). Because of the stochastic nature
of sampling fish communities, including annual variation
in water temperatures, dissolved oxygen, flow, specific
conductivity, fish migration, and timing of sampling, we
selected a similarity threshold of 50 percent or greater to be
indicative of similar communities.

Results and Discussion

The following sections are a summary and interpretation
of the data collected at the five reaches of Underwood Creek
(reaches A—D, Elm Grove; fig. 1), including comparisons of
the species composition, community traits, and similarities
within and among the five reaches (Romano and others, 2025).
We also compare the findings of this sampling effort to six
previous sampling campaigns (Bell and others, 2021).
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Species Composition

A total of 25 different fish taxa were found in the
Underwood Creek reaches (fig. 1; table 1), an increase of four
species from the total reported in Bell and others (2021). Creek
chub (Semotilus atromaculatus) were found during every
survey at all reaches. The creek chub is a native Wisconsin
species that has no preference for streambed type, water
clarity, or water temperature (Becker, 1983), and is found in
medium and small streams across the state. The next two most
abundant species at all reaches but missing in two individual
sampling events, were western blacknose dace (Rhinichthys
obtusus) and white sucker (Catostomus commersonii). Both
species are ubiquitous in Wisconsin lakes and rivers and
are tolerant to a wide range of temperature fluctuations,
dissolved oxygen concentrations, substrate types, and pollution
conditions (Becker, 1983). Although native to Wisconsin,
western blacknose dace and white sucker are often abundant
in disturbed urban streams such as Underwood Creek because
of their ability to thrive in a variety of stream conditions
(Becker, 1983). Other species that were collected at all reaches
and in most samples include central stoneroller (Campostoma
anomalum) and johnny darter (Etheostoma nigrum).

Fish community data collected in spring 2021 showed
that Underwood Creek is meeting some of the criteria for
success in the Underwood Creek restoration plan. The
Underwood Creek restoration plan (U.S. Army Corps of
Engineers, 2015, p. 5) states:

Success is defined as the presence of white sucker

or members of the sucker family (Catostomidae)

and longnose dace within the reconstructed stream
channel (presence/absence), the presence of white
sucker or members of the Catostomidae family in the
upstream river segment or the presence of 50 [percent]
of the fish species found in the downstream sampling
segment. Success can also be defined as the collection
of young of the year (YOY) northern pike or juvenile
northern pike from upstream of the proposed
restoration work area as evidence of successful
passage of adult to the upstream spawning habitat.

White sucker play an important role in streams in early
spring by transporting nutrients that in turn feed the algae
and insects that anchor the food chain. White sucker have
been collected every year except 2010 in Underwood Creek
reach A, but in low numbers (less than 10 percent of total
catch in terms of individual fish). Restoration of reach A was
completed in 2017 but even when it was partially complete
during the 2016 sampling, abundance of white sucker
increased substantially to 155 individuals, which comprised
about 67 percent of the total catch. During 2021 spring
sampling, all reaches had lower fish abundance than previous
fall surveys, but white suckers still made up about 70 percent
of total catch in reach A. White suckers were found both above
and below the drop structure that separates reaches B and D,

which are both sections that were reconstructed. White suckers
were not found in reach C, but fish abundance there was the
lowest of any survey in Underwood Creek (24 individuals).

The longnose dace (Rhinichthys cataractae) is similar
in appearance to the western blacknose dace but was not
found in Underwood Creek during USGS sample collection
in any year. The longnose dace is found in medium-sized fast-
moving streams in northern Wisconsin and in small-sized,
fast-moving streams in southwestern Wisconsin (Becker,
1983). However, according to descriptions by both Becker
and Smith, the longnose dace that occur in southeastern
Wisconsin and northeastern Illinois are commonly found
in “windswept shoals” (Becker, 1983, p. 474) and “along
the turbulent pebble beaches” (Smith, 2002, p. 86) of Lake
Michigan. Smith (2002, p. 87) notes that “longnose dace is
common along the shoreline of Lake Michigan but extremely
rare in inland streams.” Based on the published distribution, an
occasional longnose dace may be found in streams in the area;
however, the gravel and cobble streambed of the restored and
unrestored reaches of Underwood Creek will not likely house
a sustainable population of longnose dace despite enhanced
habitat conditions.

Northern pike have not been collected since a single
specimen was collected in 2013, although these fish may
find the restored stream potential suitable habitat in the
future. Both species are found in the Menomonee River that
Underwood Creek flows into (Scudder Eikenberry and others,
2020b) and it is possible that these larger sport fish will be
found in Underwood Creek in the future.

An objective of the Underwood Creek reconstruction
was to increase connectivity to headwater spawning habitat.
Although steelhead are considered an exotic species (Lyons,
1992), they provide insight into the ability of fish to migrate
in Underwood Creek. Steelhead were observed but none
collected in reach A. No steelhead were observed or collected
in either reach C or reach B. Reach C is a shallow and wide
reach just before the confluence with the Menomonee River
and lacks spawning habitat for these large fish, but it does
not prevent them from swimming to reach suitable habitat
upstream. Lack of steelhead at reach B indicates that either
the fish were unable to traverse the concrete section of the
stream between reach D and reach B, or the habitat in reach B
was unsuitable and if any fish did swim through the concrete
section, they kept going past reach B in search of spawning
habitat further upstream. Of the four restored reaches of
Underwood Creek, reach D, which contains a newly restored
channel and riparian area with diverse habitat, supported the
greatest fish abundance and species richness. Reach D is also
directly below a drop structure. Species observed here in 2021,
but not in previous surveys of Underwood Creek, include
black bullhead (Ameiurus melas), blackside darter (Percina
maculata), brook trout (Salvelinus fontinalis), and steelhead.
Many steelhead were observed in the reach in spawning
condition. Most were observed but not collected to minimize
disruption of their spawning.



Table 1.
Wisconsin, 2004-21.

ell shading 1s present for visual grouping. Dates are in month/day/year tormat; %, percent, --, not applicable
Cell shading i for visual ing. D i h/day/; fi % licabl

Count and percent relative abundance (in parentheses) of the fish communities collected via electrofishing at selected locations in Underwood Creek, Milwaukee,

Underwood Creek at Wauwatosa, Wisconsin (04087088)

Fish

Underwood Creek
at Elm Grove,

. Reach A Reach B Reach C Reach D Wisconsin
species (0408708567)
10/8/2004>  9/4/2007  9/8/2010° 9/10/2013* 7/25/2016° 7/25/2019° 4/7/2021>  7/27/2016° 4/22/2019° 7/24/2019°  4/9/2021>  4/7/2021b  4/9/2021" 4/22/2019
Black bullhead - -- - - -- - - - - - - - 1 -
(Ameiurus melas) B _ _ _ _ _ _ _ _ _ _ _ (0.26%) _
Blackside darter -- -- -- -- -- -- -- -- -- - -- -- 1 --
(Percina - - - - - - - - - - - - (0.26%) -
maculata)
Bluegill = 2 2 2 3 17 = 12 = 7 = = = =
(Lepomis = 0.19%)  (3.4%) (1.5%) (1.3%) (4.4%) = 9.1%) = (7.1%) = = = =
macrochirus)
Bluntnose -- 77 -- 7 -- -- -- -- 1 - -- -- 1 --
minnow - (7.3%) - (5.2%) - - - - (1.5%) - - - (0.26%) -
(Pimephales
notatus)
Brook stickleback - -- - - -- 4 - - - - - 1 2 1
(Culaea - - - - - (1%) - - - - - “2%)  (0.51%) (1.1%)
inconstans)
Brook trout -- - -- -- - -- -- -- -- - -- -- 1 --
(Salvelinus - _ - - _ - - B _ _ B - 0.26% _
fontinalis) (0-26%)
Central - -- - - -- - - - - - 1 2 - 3
mudminnow
= = = = = = = = = = 0.5% 8.3% = 3.4%
(Umbra limi) (0.5%) (8.3%) (3.4%)
Central stoneroller - 62 1 8 12 86 8 - 7 6 21 4 123 --
(Campostoma - (5.9%) (1.7%) (5.9%) (52%)  (22%) (7.6%) - (11%) 6.1%)  (11%) (17%) (31%) -
anomalum)
Common carp 1 -- - - -- 3 - - - - - - - -
(Cyprinus carpio) (0.39%) - - . - (0.78%) . - - - - - - -
Common shiner - 11 - 91 13 - - - - -- - 1 1 -
(Luxilus cornutus) (1.1%) - (67%) (5.6%) - - - - - - 42%)  (0.26%) -
Common - -- 1 - 2 - - - - - - - - -
sunfishes - - (1.7%) - (0.86%) - - - - - - - - -
(Lepomis spp.)
Creek chub 159 211 26 1 2 37 17 12 10 21 69 5 80 19
(Semotilus (62%) (20%) (44%) (0.74%)  (0.86%)  (9.6%)  (16%) 9.1%)  (15%) (21%) (35%) (21%) (20%) (22%)
atromaculatus)
Fantail darter -- -- -- -- -- -- -- -- -- -- -- -- -- 5
(Etheostoma _ _ _ _ _ _ _ _ _ _ _ _ _ &
fabellare) (5.7%)

uoISsSNasi( pue s)nsay
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Table 1.

Wisconsin, 2004—-21.—Continued

[Cell shading is present for visual grouping. Dates are in month/day/year format; %, percent, --, not applicable]

Count and percent relative abundance (in parentheses) of the fish communities collected via electrofishing at selected locations in Underwood Creek, Milwaukee,

Fish
species

Underwood Creek at Wauwatosa, Wisconsin (04087088)

Reach A

Reach B

Reach C

Reach D

Underwood Creek
at Elm Grove,
Wisconsin
(0408708567)

10/8/2004°

9/4/20077

9/8/2010°

9/10/20132

1/25/2016°

1/25/2019°  4/1/2021b

1/27/20167

4/22/2019°

7/24/2019°  4/9/2021°

4/1/2021"

4/9/2021"

4/22/2019°

Fathead minnow
(Pimephales
promelas)

Golden shiner
(Notemigonus
crysoleucas)

Green sunfish
(Lepomis
cyanellus)

Hornyhead chub
(Nocomis
biguttatus)

Johnny darter
(Etheostoma
nigrum)

Largemouth bass
(Micropterus
salmoides)

Northern pike
(Esox lucius)

Pearl dace
(Margariscus
margarita)
Pumpkinseed
(Lepomis
gibbosus)
Steelhead
(Oncorhynchus
mykiss)

Western blacknose

dace
(Rhinichthys

obtusus)
White sucker
(Catostomus

commersonii)

Total

6
(2.3%)

10
(3.9%)

1
(0.39%)

1
(0.39%)

67
(26%)

11
(4.3%)

256

(0.1%)

(0.1%)

502
(48%)

85
(8.1%)

97
(9.2%)

1,051

13
(22%)

(13%)

(1.7%)

1
(1.7%)

3
(5.1%)

59

4
(3%)

3
(2.2%)

6
(4.4%)

1
(0.74%)

5
(3.7%)

7
(5.2%)

135

28
(12%)

(6.5%)

1
(0.43%)

155
(67%)

232

56 1
(14%) (0.94%)

8 6
2.1%)  (5.7%)

3 -
(0.78%) -

7 -
(1.8%) -

166 74
(43%) (70%)

387 106

2

69
(52%)

37
(28%)

132

3

(4.6%) -

29
(44%)

15
(23%)

66

- 1
(0.5%)

(14%) (5%)

(1.0%) (1.5%)

38 87
(38%) (44%)

12 8
(12%) (4%)

99 200

1
(4.2%)

5

5
(21%)

24

3
(0.77%)

(0.26%)

12
(3.1%)

137
(35%)
21

(5.4%)

391

2
(2.3%)

37
(42%)

19
(22%)

88

aData previously collected and reported in Bell and others (2021).

"Newly collected (2021) and reported data (Romano and others, 2025).

9

120Z [1dy ‘UISU0ISIpN ‘a3yneM]I j9319) POOMIBPUN Ul SaIUNWWo?) ysi4 jo Alewwng



Community Traits and Index of Biotic Integrity

Bell and others (2021) lists the species attributes to
calculate the warmwater IBI for Underwood Creek. We include
here an updated table that includes species newly observed
in 2021 and attributes applicable to the warm-transition IBI
(table 2).

Sampling in 2021 took place in early April to target
spring migrating fishes, a key metric of restoration success
for Underwood Creek (U.S. Army Corps of Engineers, 2015).
Data indicate that the restoration has resulted in suitable habitat
for at least some migrating fishes, primarily white sucker and
steelhead. White suckers were found at all reaches except
reach C (table 1). Steelhead were observed at reaches A and D
but collected at only reach D to avoid disruption to spawning
(table 1). IBI scores from the spring 2021 sampling effort are
included for information but are not directly comparable as
the IBI is designed to be used with midsummer-to-early-fall
sample collection (table 3).

Fish tolerance to pollution, low dissolved oxygen, and
disturbed habitat can be used to make inferences about the
water quality of a stream. Lyons (1992, p. 11) describes
intolerant species as those that are “intolerant of environmental
degradation, particularly poor water quality, siltation and
increased turbidity, and reduced habitat heterogeneity.”
Tolerant species are those adaptable to degraded water quality
and habitat. Non-tolerant species include intolerant species
and species that are neither designated tolerant or intolerant.
Pollution-tolerant species comprised 57—75 percent of the
species collected at each reach in spring 2021, representing
a small decline from the percentage of tolerant species
collected in spring 2019 (71-75 percent). Brook trout was
the only pollution-intolerant species observed; one individual
was collected from reach D and was the first intolerant fish
collected since surveying began in 2004 at Underwood Creek.
Fishes tolerant to low dissolved oxygen were observed at
low abundance (1-17 percent) in all surveyed reaches in
spring 2021. Fishes tolerant to pollution and disturbed habitat
were more abundant and accounted for 58—88 percent and
42-86 percent of the fish abundance at Underwood Creek in
spring 2021, respectively. Spawning traits can also provide
information about the quality of physical habitat. Simple
lithophilous spawners lay eggs in clean coarse gravel and can
be impacted by excess sedimentation (Lyons, 1992). The 2021
surveys indicated that 2029 percent of species in each reach
are lithophilous spawners.

Categorizing fish into feeding groups can provide insight
into the structure of the food web. When a stream undergoes
reconstruction, it may take several years to stabilize and
reestablish the food web. In general, rivers that have a higher
percentage of invertivore fish (greater than 30 percent) have
a more diverse food web and can support the higher trophic
level fish such as northern pike and largemouth bass (Goldstein
and others, 1999). The reaches sampled in the 2021 survey
contained 38—50 percent invertivore species and 3—38 percent
invertivore fishes (table 3).

In 2021 sampling, only reach D contained game or sport
fish. Most of these were steelhead, but a brook trout and a
pumpkinseed (Lepomis gibbosus) were also collected (table 1).
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Northern pike and largemouth bass are game fish that were
found in surveys prior to 2021 in Underwood Creek, but not
during the 2021 sampling. Other species of game fish include
top carnivores such as muskellunge (Esox masquinongy),
smallmouth bass (Micropterus dolomieu), and sturgeon family
(Acipenseridae), among others, but these have not been found
in Underwood Creek since surveys began in 2004. Sport fish,
in general, are species that are targeted for recreational fishing;
this category includes game fish and includes some members
of the sunfish family, perch family (Percidae), and bullhead
and catfish family (Ictaluridae). In contrast, forage fish are
those that are not considered sport fish. The forage fish account
for most of the abundance across all samples (96 percent or
greater). These forage fish provide food for the top carnivores
and are mostly invertivores and omnivores. The largemouth
bass (Micropterus salmoides), a top carnivore and sport fish,
was not collected in the spring 2021 sampling at reach A
despite being collected during previous surveys 2004—19.

The habitat alterations in reach A reduced the size of the large
plunge pool that existed at the bottom of the former concrete
channel, which may have affected the habitat available for fish
that are less riverine including sunfish and largemouth bass.

Bray-Curtis Similarity Comparison

In this report, communities in each reach survey are
compared based on their Bray-Curtis Similarity score. Two
reaches are considered similar if their similarity score is
50 percent or greater. As of this report (2026), reach A has
been sampled seven times, with sampling dates between April
and October. When reach A surveys were compared to each
other, communities were similar about 50 percent of the time,
based on a similarity score of 50 percent or greater (table 4).
reach B has been sampled four times since its reconstruction,
twice in April and twice in July. The Bray-Curtis Similarity
scores always indicated similarity within reach B, indicating
the community there is stable. A drop structure separates
reach B from reach A and the confluence with the Menomonee
River. Prior to 2019, reach A and reach B were similar about
50 percent of the time. In 2019 and 2021, after reach A was
reconstructed, reach A and B Bray-Curtis Similarity scores
were always similar to each other.

All four samples from reach B have similarities of
58 percent or greater to the Elm Grove reach sample, which
was surveyed in 2019 and is upstream from reach B (table 4;
fig. 1). Only two surveys in reach A indicated similarity to the
Elm Grove reach community. Reach C was generally dissimilar
to reach A, despite their proximity. These reaches differ in their
history and habitat; reach A was reconstructed in 2017, whereas
reach C was not lined with concrete and is low gradient with
soft substrate and little structure other than the deep pool at
the bottom of the reach. Reach D was only similar to three
out of seven surveys in reach A. Reach D underwent similar
reconstruction as reach A, but reach D has a higher gradient.
Both reaches C and D were similar to EIm Grove reach.
Reaches C and D were also similar to all but the earliest survey
in reach B.
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Table 2. Selected attributes of fish species collected at five locations in Underwood Creek, Milwaukee, Wisconsin, 2004-21.[—Left]

[Cell shading is present for visual grouping. Some of these metrics are used to calculate the warm-transition stream index of biotic integrity and are defined in
Lyons, 1992. X, fish species is described by the metric; --, fish species is not described by the metric]

Intolerant

e SRR v+ A
pollution

Black bullhead X - - X - - X -
(Ameiurus melas)

Blackside darter X = = = - - - -
(Percina maculata)

Bluegill (Lepomis macrochirus) X - - - - X - -

Bluntnose minnow X -- -- X -- -- X X
(Pimephales notatus)

Brook stickleback X -- - X - - X -
(Culaea inconstans)

Brook trout X - X - X X = -
(Salvelinus fontinalis)

Central mudminnow X -- - X - - X -
(Umbra limi)

Central stoneroller X -- - —- = = X -
(Campostoma anomalum)

Common carp (Cyprinus carpio) - X - X - - X X

Common shiner X -- -- - == = X -
(Luxilus cornutus)

Common sunfishes X - - - - X - -
(Lepomis spp.)

Creek chub X = = X - - X -
(Semotilus atromaculatus)

Fantail darter X -- -- - - - X -
(Etheostoma flabellare)

Fathead minnow X -- -- X -- -- X X
(Pimephales promelas)

Golden shiner X -- -- X -- -- X X
(Notemigonus crysoleucas)

Green sunfish X - == X = X - -
(Lepomis cyanellus)

Hornyhead chub X -- -- - - - X -
(Nocomis biguttatus)

Johnny darter X -- -- - == = X -
(Etheostoma nigrum)

Largemouth bass X -- -- - X X - -
(Micropterus salmoides)

Northern pike (Esox lucius) X -- -- - X X - -

Pearl dace X -- -- - - - X -
(Margariscus margarita)

Pumpkinseed X -- -- - = X - -
(Lepomis gibbosus)

Steelhead (Oncorhynchus mykiss) - X - - X X - -

Western blacknose dace X - — X = - X -
(Rhinichthys obtusus)

White sucker X -- -- X - - X X

(Catostomus commersonii)
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Table 2. Selected attributes of fish species observed at five locations in Underwood Creek, Milwaukee, Wisconsin, 2004-21.[—Right]

[Cell shading is present for visual grouping. Some of these metrics are used to calculate the warm-transition stream index of biotic integrity and are defined in Lyons,
1992. X, fish species is described by the metric; --, fish species is not described by the metric]

Low-dissolved Disturbed

Inve!'tlvore qu . Slmp_le -oxygen toler- -habitattoler-  Darter Sucker Salmon  Sunfish I\!allve . Bent_hlc
fish carnivore lithophilous minnow invertivore
ant ant
X - - X - - - - - - X
- - - - - - - — - - X
X - - - - - - - X - -
- - - - X - - - - X -
X - - X - - - - - - -
- X - - - - - X - - -
X - - X - - - - - - -
- - - - - - - - - X -
- - - X - - - - - - -
X - X - - - - - - X -
- - - - - - - - X - -
- - - - X - - — - X -
X - - - - - - - - - X
- - - X - - - — - X -
- - - X - - - - - X -
X - - X - - - - X - -
X - - - - - - - - X -
X - - - - X - - - - X
- X - - - - - - - - -
- X - - - - - — - - -
X - - - - - - - - X -
X - - - - - - - X - -
- X - - - - - X - - -
- - X - X - - - - X -
- - X - X - X - - - -
TExotic species are those not native to Wisconsin. 3Sport fish include game fish, pan fish, bullheads, and catfish.
2Game fish include top carnivore and species such as trout “Forage fish are those that are not sport fish.

that are often targeted by anglers.



Table 3. Selected metrics and index of biotic integrity of the fish communities at five locations in Underwood Creek, Milwaukee, Wisconsin, 2004-21.

[Cell shading is present for visual grouping. Several of these metrics are used to calculate the fish index of biotic integrity (IBI) for Wisconsin warm-transition streams and are defined in Lyons, 1992. IBI scores
for spring surveys are shown, but the IBI metric is only calibrated for summer and fall sampling. Dates are shown in month/day/year format; %, percent; IBI, index of biotic integrity; <, less than; *, not enough
fish collected to calculate an IBI.]

Metri Reach A Reach B Reach C Reach D Elm Grove

etric:

10/8/2004'  9/4/2007! 9/8/2010'  9/10/2013'  7/25/2016"  7/25/2019'  4/7/20212 7/27/2016"  4/22/2019'  7/24/2019'  4/9/20212 4/1/20212 4/9/20212 4/22/2019'

Species count 8 11 10 11 10 10 5 5 7 7 8 8 14 8

Fish count 256 1,051 59 135 231 387 106 132 66 99 200 24 391 88

Exotic species 1 0 0 0 0 1 0 0 0 0 0 0 1 0
count and (12%) (0%) (0%) (0%) (0%) (10%) (0%) (0%) (0%) (0%) (0%) (0%) (7%) (0%)
percent of
total!

Exotic fish 1 0 0 0 0 3 0 0 0 0 0 0 12 0
count and (0.39%) (0%) (0%) (0%) (0%) (0.78%) (0%) (0%) (0%) (0%) (0%) (0%) (3%) (0%)
percent of
total’

Native species 7 11 10 11 10 9 5 5 7 7 8 8 13 8
count and (88%) (100%) (100%) (100%) (100%) (90%) (100%) (100%) (100%) (100%) (100%) (100%) (93%) (100%)
percent of
total

Native fish 255 1,051 59 135 231 384 106 132 66 99 200 24 379 88
count and (100%) (100%) (100%) (100%) (100%) (99%) (100%) (100%) (100%) (100%) (100%) (100%) (97%) (100%)
percent of
total

Pollution- 6 5 4 6 3 6 3 3 5 4 6 5 8 6
tolerant (75%) (45%) (40%) (55%) (30%) (60%) (60%) (60%) (71%) (57%) (75%) (62%) (57%) (75%)
species count
and percent
of total

Pollution- 254 471 50 27 185 273 92 118 58 85 176 14 252 81
tolerant fish (99%) (45%) (85%) (20%) (80%) (71%) (87%) (89%) (88%) (86%) (88%) (58%) (64%) (92%)
count and
percent of
total

Pollution- 0 0 0 0 0 0 0 0 0 0 0 0 1 0
intolerant (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (7%) (0%)
species count
and percent
of total

Pollution- 0 0 0 0 0 0 0 0 0 0 0 0 1 0
intolerant (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0.26%) (0%)
fish count

and percent
of total
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Table 3. Selected metrics and index of biotic integrity of the fish communities at five locations in Underwood Creek, Milwaukee, Wisconsin, 2004-21.—Continued

[Cell shading is present for visual grouping. Several of these metrics are used to calculate the fish index of biotic integrity (IBI) for Wisconsin warm-transition streams and are defined in Lyons, 1992. IBI scores
for spring surveys are shown, but the IBI metric is only calibrated for summer and fall sampling. Dates are shown in month/day/year format; %, percent; IBI, index of biotic integrity; <, less than; *, not enough

fish collected to calculate an IBI.]

Metri Reach A Reach B Reach C Reach D Elm Grove

etric:

10/8/2004'  9/4/2007" 9/8/2010"  9/10/2013"  7/25/2016"  7/25/2019'  4/7/20212 7/21/2016'  4/22/2019'  7/24/2019'  4/9/20212 4/1/20212 4/9/20212 4/22/2019'

Nontolerant 2 6 6 5 7 4 2 2 2 3 2 3 6 2
species count (25%) (55%) (60%) (45%) (70%) (40%) (40%) (40%) (29%) (43%) (25%) (38%) (43%) (25%)
and percent
of total

Nontolerant fish 2 580 9 108 46 114 14 14 8 14 24 10 139 7
count and (0.78%)  (55%) (15%) (80%) (20%) (29%) (13%) (11%) (12%) (14%) (12%) (42%) (36%) (7.9%)
percent of
total

Game species 1 1 1 2 1 1 0 0 0 0 0 0 2 0
count and (12%) (9.1%) (10%) (18%) (10%) (10%) (0%) (0%) (0%) (0%) (0%) (0%) (14%) (0%)
percent of
total 4

Game fish 1 2 1 7 1 3 0 0 0 0 0 0 13 0
count and (0.39%) (0.19%) (1.7%) (5.2%) (0.43%) (0.78%) (0%) (0%) (0%) (0%) (0%) (0%) (3%) (0%)
percent of
total*

Sport species 2 2 4 3 3 2 0 1 0 1 0 0 3 0
count and (25%) (18%) (40%) (27%) (30%) (20%) (0%) (20%) (0%) (14%) (0%) (0%) (21%) (0%)
percent of
total’

Sport fish count 2 4 7 9 5 20 0 12 0 7 0 0 14 0
and percent (0.78%) (0.38%)  (12%) (6.7%) (2.2%) (5.2%) (0%) 9.1%) (0%) (7.1%) (0%) (0%) (3.58%) (0%)
of total’

Forage species 6 9 6 8 7 8 5 4 7 6 8 8 11 8
count and (75%) (82%) (60%) (73%) (70%) (80%) (100%) (80%) (100%) (86%) (100%) (100%) (79%) (100%)
percent of
totalo

Forage fish 254 1,047 52 126 226 367 106 120 66 92 200 24 377 88
count and (99%) (100%) (88%) (93%) (98%) (95%) (100%) (91%) (100%) (93%) (100%) (100%) (96%) (100%)
percent of
total®

Omnivore 3 2 1 4 2 2 1 1 3 1 2 1 3 2
species count (38%) (18%) (10%) (36%) (20%) (20%) (20%) (20%) (43%) (14%) (25%) (12%) (21%) (25%)

and percent
of total
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Table 3. Selected metrics and index of biotic integrity of the fish communities at five locations in Underwood Creek, Milwaukee, Wisconsin, 2004-21.—Continued

[Cell shading is present for visual grouping. Several of these metrics are used to calculate the fish index of biotic integrity (IBI) for Wisconsin warm-transition streams and are defined in Lyons, 1992. IBI scores
for spring surveys are shown, but the IBI metric is only calibrated for summer and fall sampling. Dates are shown in month/day/year format; %, percent; IBI, index of biotic integrity; <, less than; *, not enough
fish collected to calculate an IBI.]

cl

Metri Reach A Reach B Reach C Reach D Elm Grove
etric:
10/8/2004'  9/4/2007'  9/8/2010'  9/10/2013'  7/25/2016"  7/25/2019'  4/7/20212 1/27/2016"  4/22/2019'  7/24/2019'  4/9/20212 4/1/20212 4/9/20212 4/22/2019'

Omnivore fish 18 174 13 21 183 169 74 37 19 12 9 1 25 21
count and (7%) (17%) (22%) (16%) (79%) (44%) (70%) (28%) (29%) (12%) (4%) (4%) (6%) (24%)
percent of
total

Invertivore 2 5 5 2 5 4 2 2 1 3 3 4 6 4
species count (750 (45%) (50%) (18%) (50%) (40%) (40%) (40%) (14%) (43%) (38%) (50%) (43%) (50%)
and percent
of total

Invertivore fish 11 517 15 93 33 85 7 14 1 22 14 9 13 11
count and (43%)  (49%) (25%) (69%) (14%) (22%) (7%) (11%) (1.5%)  (22%) (7%) (38%) (3%) (12%)
percent of
total

Top carnivore 1 1 1 2 1 1 0 0 0 0 0 0 2 0
species count (1294 ©.1%)  (10%) (18%) (10%) (10%) (0%) (0%) (0%) (0%) (0%) (0%) (14%) (0%)
and percent
of total

Top carnivore 1 2 1 7 1 3 0 0 0 0 0 0 13 0
fish count 039%)  (0.19%)  (1.7%)  (52%)  (043%)  (0.78%)  (0%) (0%) (0%) (0%) (0%) (0%) (3%) (0%)
and percent
of total

Simple 2 3 1 3 2 2 1 2 2 2 2 2 4 2
lithophilous (3504 (27%) (10%) Q7%) (20%) (20%) (20%) (40%) (29%) (29%) (25%) (25%) (29%) (25%)
species count
and percent
of total

Simple 78 193 3 103 168 173 74 106 44 50 95 6 160 56
lithophilous (3094, (18%) (5.1%)  (76%) (73%) (45%) (70%) (80%) (67%) (51%) (48%) (25%) (41%) (64%)
fish count
and percent
of total

Low-dissolved- 3 1 2 2 1 3 1 0 1 1 3 3 4 3
oxygen- (38%) ©.1%)  (20%) (18%) (10%) (30%) (20%) (0%) (14%) (14%) (38%) (38%) (29%) (38%)
tolerant

species count
and percent
of total

1Z0Z [1dy ‘uISu0asIp) ‘adynemyI\ 9319 pooMIapu() Ul salunwwo?) ysi4 jo Alewwng



Table 3. Selected metrics and index of biotic integrity of the fish communities at five locations in Underwood Creek, Milwaukee, Wisconsin, 2004-21.—Continued

[Cell shading is present for visual grouping. Several of these metrics are used to calculate the fish index of biotic integrity (IBI) for Wisconsin warm-transition streams and are defined in Lyons, 1992. IBI scores
for spring surveys are shown, but the IBI metric is only calibrated for summer and fall sampling. Dates are shown in month/day/year format; %, percent; IBI, index of biotic integrity; <, less than; *, not enough
fish collected to calculate an IBI.]

Metri Reach A Reach B Reach C Reach D Elm Grove
etric:
10/8/2004'  9/4/2007 9/8/2010"  9/10/2013"  7/25/2016"  7/25/2019'  4/7/20212 7/21/2016'  4/22/2019'  7/24/2019'  4/9/20212 4/1/20212 4/9/20212 4/22/2019'

Low-dissolved- 17 1 21 7 28 63 1 0 3 14 12 4 13 6
oxygen- (6.6%) (0.095%)  (36%) (5.2%) (12%) (16%) (1%) (0%) (4.5%) (14%) (6%) (17%) (3%) (6.8%)
tolerant fish
count and
percent of
total

Disturbed- 3 4 2 4 2 3 2 3 4 3 3 2 4 3
habitat- (38%) (36%) (20%) (36%) (20%) (30%) (40%) (60%) (57%) (43%) (38%) (25%) (29%) (38%)
tolerant
species count
and percent
of total

Disturbed- 237 470 29 20 157 210 91 118 55 71 164 10 239 75
habitat- (93%) (45%) (49%) (15%) (68%) (54%) (86%) (89%) (83%) (72%) (82%) (42%) (61%) (85%)
tolerant fish
count and
percent of
total

Darter species 0 0 1 0 1 1 1 1 0 1 1 1 1 2
count and (0%) (0%) (10%) (0%) (10%) (10%) (20%) (20%) (0%) (14%) (12%) (12%) (7%) (25%)
percent of
total

Darter fish 0 0 1 0 15 8 6 2 0 1 3 5 1 7
count and (0%) (0%) (1.7%) (0%) (6.5%) (2.1%) (6%) (1.5%) (0%) (1%) 2%) (21%) (<1%) (8%)
percent of
total

Sucker species 1 1 0 1 1 1 1 1 1 1 1 0 1 1
count and (12%) (9.1%) (0%) (9.1%) (10%) (10%) (20%) (20%) (14%) (14%) (12%) (0%) (7%) (12%)
percent of
total

Sucker fish 11 97 0 7 155 166 20 37 15 12 8 0 21 19
count and (4.3%) (9.2%) (0%) (5.2%) (67%) (43%) (74%) (28%) (23%) (12%) (4%) (0%) (5%) (22%)
percent of
total

Salmon species 0 0 0 0 0 0 0 0 0 0 0 0 2 0
count and (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (14%) (0%)
percent of

total
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Table 3. Selected metrics and index of biotic integrity of the fish communities at five locations in Underwood Creek, Milwaukee, Wisconsin, 2004-21.—Continued

[Cell shading is present for visual grouping. Several of these metrics are used to calculate the fish index of biotic integrity (IBI) for Wisconsin warm-transition streams and are defined in Lyons, 1992. IBI scores
for spring surveys are shown, but the IBI metric is only calibrated for summer and fall sampling. Dates are shown in month/day/year format; %, percent; IBI, index of biotic integrity; <, less than; *, not enough
fish collected to calculate an IBI.]

/]!
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Metri Reach A Reach B Reach C Reach D Elm Grove
etric:
10/8/2004'  9/4/2007" 9/8/2010'  9/10/2013'  7/25/2016'  7/25/2019'  4/1/20212 1/27/2016"  4/22/2019'  7/24/2019'  4/9/20212 4/1/20212 4/9/20212 4/22/2019'

Salmon fish 0 0 0 0 0 0 0 0 0 0 0 0 13 0
count and (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (3%) (0%)
percent of
total

Sunfish species 2 2 4 1 3 2 1 1 0 2 1 0 2 0
count and (25%) (18%) (40%) (9.1%) (30%) (20%) (20%) (20%) (0%) (29%) (12%) (0%) (14%) (0%)
percent of
total

Sunfish fish 11 3 14 2 5 73 1 12 0 21 10 0 8 0
count and (4.3%) (0.28%) (24%) (1.5%) (2.2%) (19%) (1%) 9.1%) (0%) (21%) (5%) (0%) (2%) (0%)
percent of
total

Native minnow 3 7 4 7 4 3 2 2 6 3 4 5 6 3
species count (3804 (64%) (40%) (64%) (40%) (30%) (40%) (40%) (86%) (43%) (50%) (63%) (43%) (38%)
and percent
of total

Native minnow 232 949 43 119 55 130 25 81 51 65 178 16 345 58
fish count (91%) (90%) (73%) (88%) (24%) (34%) (24%) (61%) (77%) (66%) (89%) (67%) (88%) (66%)
and percent
of total

Benthic inverti- 0 0 1 0 1 1 1 1 0 1 1 1 1 2
vore species (0%) (0%) (10%) (0%) (10%) (10%) (20%) (20%) (0%) (14%) (13%) (13%) (7%) (25%)
count and
percent of
total

Benthic 0 0 1 0 15 8 6 2 0 1 3 5 2 7
invertivore (0%) (0%) 2%) (0%) (6%) (2%) (6%) (2%) (0%) (1%) 2%) (21%) (1%) (8%)
fish count
and percent
of total

IBI warm- 30 60 20 60 10 20 0 10 30 30 30 & 60 30
transition
score

IBI warm- Fair Good Poor Good Very poor  Poor Very poor  Very poor  Fair Fair Fair Poor Good Fair
transition
rating

Data previously collected and reported in Bell and others (2021). 4Game fish include top carnivore and species such as trout that are often targeted by anglers.
2Newly collected (2021) and reported data (Romano and others, 2025). 3Sport fish include game fish, pan fish, bullheads, and catfish.

3Exotic species are those not native to Wisconsin. ®Forage fish are those that are not sport fish.



Table 4. Bray-Curtis similarity matrix of the fish communities at five U.S. Geological Survey sampling locations in Underwood Creek, Milwaukee, Wisconsin, 2004-21.

[Two reaches are considered similar if their Bray-Curtis similarity score is 50 percent or greater (Bray and Curtis 1957). Dates are shown in month/day/year format. U.S. Geological Survey, USGS, --, not

applicable]

USGS Station name,

Underwood Creek at Wauwatosa, Wisconsin (04087088)

(and identifier) Reach Date Reach A Reach B Reach C Reach D
10/8/2004  9/4/2007  9/8/2010  9/10/2013 7/25/2016 7/25/2019  4/7/2021 7/27/2016  4/22/2019 7/24/2019  4/9/2021 4/7/2021 4/9/2021
Underwood Creek Reach A 10/8/2004 -- - - -- - - -- -- - - - - -
at Wauwatosa, 9/4/2007 49 _ _ . _ _ _ _ _ . _ _ .
Wisconsin
9/8/2010 612 44 - -- - - -- -- - -- - -- --
(04087088)
9/10/2013 42 60 2 45 -- - - -- -- - - - - -
7/25/2016 36 47 552 602 - - -- -- - -- - -- --
7/25/2019 552 542 612 47 57 - -- -- - -- - -- --
4/7/2021 43 49 43 32 628 672 -- -- - -- - -- --
Reach B 7/27/2016 522 48 45 39 48 632 554 -- - -- - -- --
4/22/2019 582 642 44 562 48 512 558 602 - -- - -- --
7/24/2019 602 612 642 46 502 772 68 792 642 -- - -- --
4/7/2021 702 542 612 43 45 632 66? 622 702 812 - -- --
ReachC  4/7/2021 42 44 49 44 502 48 44 42 552 512 66¢ -- --
ReachD  4/9/2021 612 562 47 47 37 542 47 43 642 592 662 562 --
Underwood Creek Elm 4/22/2019 572 40 42 35 42 512 48 66 622 582 692 66 528
at Elm Grove,
. . Grove
Wisconsin
reach
(0408708567)

aScore indicates communities are similar.
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16 Summary of Fish Communities in Underwood Creek, Milwaukee, Wisconsin, April 2021

Summary

Underwood Creek, located in Milwaukee, Wisconsin,
has undergone reconstruction to remove drop structures
and concrete lining sections of the stream. The Milwaukee
Metropolitan Sewage District has sought to understand if
these efforts have improved the fish community. Fish sampling
in 2021 targeted spring migratory fish. Migrating steelhead
were found spawning in recently reconstructed reaches, but
not above the remaining drop structure. The greatest fish
abundance and species richness surveyed in Underwood Creek
was located in reach D, directly below the drop structure.
The fish abundance and species richness upstream of the drop
structure also increased from past years, indicating that the
reconstructed habitat in reach B is also improving. White
suckers were present above and below the drop structure,
fulfilling one metric of success described in the Underwood
Creek restoration plan. The Menomonee River contains
many fish species that can migrate to the reach below the
drop structure, and habitat may be suitable upstream when
remaining fish passage barriers are removed. Any additional
habitat improvement will likely support additional fish
diversity in Underwood Creek.
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