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CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To Obtain
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 161 kilometer
pound (Ib) 453,600 milligram
tons/mi? 0.3503 tonnes’km? (tonnes per square kilometer)

Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) by use of the following equation:
°F=1.8(°C) + 32.

Abbreviated water-quality unitsused in thisreport: Chemical concentrations and water temperature are given in metric units. Chemical
concentrationisgiven in milligrams per liter (mg/L) or micrograms per liter (ug/L). Milligrams per liter isaunit expressing the concentration
of chemical constituentsin solution as weight (milligrams) of solute per unit volume (liter) of water. One thousand micrograms per liter is
equivalent to one milligram per liter. For concentrations less than 7,000 mg/L, the numerical value is the same as for concentrationsin parts
per million. Other units of measurement used in this report are microsiemens per centimeter at 25°Celsius (LS/cm), micrometers (um).

IV CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS



Determination of the Effects of Fine-Grained Sediment
and Other Limiting Variables on Trout Habitat for
Selected Streams in Wisconsin

By Barbara C. Scudder, Jeffery W. Selbig, and Robert J. Waschbusch

Abstract

Two Habitat Suitability Index (HSI) models, devel -
oped by the U.S. Fish and Wildlife Service, were used
to evaluate the effects of fine-grained (less than 2 milli-
meters) sediment on brook trout (Salvelinus fontinalis,
Mitchill) and brown trout (Salmo trutta, Linnaeus) in 11
streams in west-central and southwestern Wisconsin.
Our resultsindicated that fine-grained sediment limited
brook trout habitat in 8 of 11 streams and brown trout
habitat in only one stream. Lack of winter and escape
cover for fry was the primary limiting variable for
browntrout at 61 percent of the sites, and thisfactor also
limited brook trout at several stations. Pool areaor qual-
ity, in stream cover, streambank vegetation for erosion
control, minimum flow, thalweg depth maximum, water
temperature, spawning substrate, riffle dominant sub-
strate, and dissolved oxygen also were limiting to trout
in the study streams. Brook trout appeared to be more
sensitive to the effects of fine-grained sediment than
brown trout. The modelsfor brook trout and brown trout
appeared to be useful and objective screening tools for
identifying variables limiting trout habitat in these
streams. The models predicted that reduction in the
amount of fine-grained sediment would improve brook
trout habitat. These models may be valuable for estab-
lishing instream sediment-reduction goal's; however, the
decrease in sediment delivery needed to meet these
goals cannot be estimated without quantitative data on
land use practices and their effects on sediment delivery
and retention by streams.

INTRODUCTION

Brook trout and brown trout are prized sport fish
inhabiting cold-water streamsin the United States. The
brook trout, Salvelinus fontinalis (Mitchill), is the only
stream-dwelling trout native to Wisconsin (Becker,
1983). Brown trout (Salmo trutta, Linnaeus), intro-
duced into Wisconsin waters in 1887, now are present
throughout Wisconsin but are most common in cold-

water streams in southern and central Wisconsin.
Brown trout may be tolerant of streamsthat have
become unsuitable for brook trout because of increased
summer temperatures and turbidity from land-manage-
ment activities (Becker, 1983).

Reproductive success of brook trout and brown
trout decreases with increasing amounts of fine-grained
sediment in spawning areas (Peters, 1965; Harshbarger,
1975; Waters, 1995). In this report, fine-grained sedi-
ment islessthan 2 mm in diameter. Thisincludes sand,
silt, and clay. Spawning of brook and brown trout occurs
from October to December or early January in redds
made in gravel bottoms of Wisconsin streams. Redds
often are located in riffle areas or at the tail of pools
where upwelling or downwelling water currentsin
gravel ensure optimal stream velocities and dissolved-
oxygen concentrations for embryos (Avery and Nierm-
eyer, 1999; Brynildson and others, 1963; Becker, 1983).
L ocation of reddsin these areas al so minimizes harmful
effects of sedimentation becausefine-grained sediments
are generally rapidly removed to other stream areas by
the relatively fast water velocities. Higher percentages
of fine sediment in reddsis generally detrimental to the
survival of fish embryosto emergence (Chapman,
1988). Fine sediment may entomb embryos and reduce
intergravel water flows, removal of embryo wastes, and
intergravel dissolved-oxygen supply to embryos
(Bjornn and Reiser, 1991; Cordone and Kelly, 1961;
McFadden, 1961; Peters, 1965; Koski, 1966; Harsh-
barger, 1975; Ringler and Hall, 1975, Waters, 1995).
Sand concentrations greater than approximately
15 percent in spawning gravel were found to reduce the
number of emerging brook trout fry (Hausle, 1973). In
addition, sedimentation (>10 percent fine-grained sedi-
ment) may result in decreased production of inverte-
brates associated with riffle areas, thus decreasing food
availability for fry (Chutter, 1969; Crouse and others,
1981). Berkman and Rabeni (1987) found that greater
amounts of fine sediment decreased the abundance of
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benthic insectivorous and herbivorous fishes aswell as
fishes requiring a clean gravel substrate for spawning.

The U.S. Fish and Wildlife Service (USFWS)
devel oped Habitat Suitability Index (HSI) model shased
on available life-history information and the assump-
tion that habitat quality and quantity can be described
numerically (Raleigh, 1982; Raleigh and others, 1986).
Armour and others (1984) discuss these modelsin the
larger context of habitat evaluation procedures. Wesche
and Goertler (1987) provide feedback on atest of the
brown trout model in Wyoming streams. The underly-
ing assumption of the modelsisthat adirect linear rela
tion exists between the HSI value and the carrying
capacity of the stream for the fish species. The HS
value may be used to compare different streams, one
site in a stream over time, or severa sitesin astream
with each other. It is auseful screening tool for identi-
fying streams that may have habitat problems or sites
within a stream that have less-suitable habitat than oth-
ers. These models can be applied to find ways to
improve the habitat quality for a given species through
management actions in an affected area. Additionally,
the models could be applied before and after implemen-
tation of watershed-management practicesto evaluate
the effectiveness of the practices or to evauate the
impacts of developments. This information may
improve the successful implementation of best-man-
agement practices by allowing relatively rapid progress
checks during implementation.

Purpose and Scope

The Wisconsin Department of Natural Resources
(WDNR) Priority Watershed Program wanted to assess
various quantitative techniques for estimating pollutant
reduction goals. The HSI models showed promise for
estimating sediment-reduction goals for streams and
predicting effects of implementing such goals. Our
study used selected HSI modelsto identify limiting
variablesfor brook and brown trout in three watersheds
in Wisconsin, to determine the relative importance of
sediment-rel ated variables, and to evaluate the utility of
the models for establishing sediment-reduction goals.
After interpretation of results from the first two water-
sheds, methods for collecting habitat data were revised
and habitat data was collected and analyzed for a third
watershed. The scope of thisreportislimited to analysis
of fish habitat data collected in 1990-91 for 11 streams

in 3 watersheds of west-central and southwestern Wis-
consin.

Study Area

Most of the study streamswere in the “ Driftless
Area’ of Wisconsin, which is characterized by steep ter-
rain, loamy soils, and alack of glacial deposits. Most
streams in the area have accentuated peak flows, with
many sites showing evidence of major erosion. Accord-
ing to Hindall (1975), streams in the Driftless Area had
thelargest average annual yields of suspended sediment
in Wisconsin. The loamy, very silty soils, steep slopes,
and predominantly agricultural land use of the areacon-
tribute to average annual suspended sediment yields of
about 238 tonnes per square kilometer (Hindall, 1976).
Yields considerably larger were observed for one
stream in this area after two major floods (Kammerer
and Batten, 1982). Dominant agriculture is corn, hay,
and alfalfa, often as contour cropsand for dairy pasture.
Riparian buffer zones of natural vegetation are usually
relatively narrow (lessthan 10 m wide).

Eleven streams from three watersheds were
selected for HSI analysis (fig. 1 and appendix 1). Habi-
tat information was collected for two or more sampling
stations per stream in most cases. This allowed for an
examination of between-station habitat variability and
improved characterization of the streams. Two water-
sheds, the middle Kickapoo and the middle Trempea-
leau, were used to assess habitat collection procedures.
The Kickapoo and Trempesal eau River watersheds are
located entirely in the Driftless Area. The streams
selected were chosen for HSI analysis primarily
because of high embeddedness ratings or large silt con-
centrations at one or more of the stations sampled.
Embeddedness is the degree to which larger sediment
particles are surrounded or covered by fine-grained sed-
iment (sand or finer). The Kickapoo watershed has
greater topographic relief and generally ismorewooded
and less farmed than the Trempealeau (table 1). The
middle Trempealeau River watershed has alarger per-
centage of agricultural land than the middle Kickapoo,
73 percent compared to 61 percent (Wisconsin Depart-
ment of Natural Resources, 1992a and 1992b). In addi-
tion, more of thisagricultural land iscropland/grassiand
in the Trempeal eau watershed, (54 percent in Trempea-
leau compared to 38 percent in Kickapoo). Wisconsin
Non-point (WIN) analysis by the Wisconsin Depart-
ment of Natural Resources (WDNR) estimated that
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Figure 1. Location of the Kickapoo, Trempealeau, and Chippewa watersheds in Wisconsin together with 11 study streams and
location of sampling stations where brook and brown trout habitat were examined by Habitat Suitability Index analysis.
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93-96 percent of the sediment loading for these subwa-
tersheds was due to agricultural land use (Wisconsin
Department of Natural Resources, 1992a).

Table 1. Percent agriculture in subwatersheds of
the 11 study streams

[Values for Kickapoo and Trempeal eau watersheds estimated
by the Wisconsin Department of Natural Resources Wisconsin
Nonpoint (WIN) analysis (WDNR, 1992a); ND, no data

available]
Stream name Pgrcent
Agriculture
Middle Kickapoo River water shed
Brush Creek 80
North Bear Creek 59
Otter Creek 48
Warner Creek 54
Middle Trempealeau River water shed
Lewis Valley Creek 75
Newcomb Valley Creek ND
Reynolds Coulee 74
Swinns Valley Creek 89
Turton Coulee Creek ND
Chippewa River water shed
Como Creek 192
Lowes Creek %54

1The Como Creek estimate is from 1992 WIN analysis by
Chippewa County, Soil Conservation Service, Jane
Tetzlaff-Jensen, oral commun., June 29, 1993.

2Estimate provided by Sharon Thibodeau, Eau Claire County,
Department of Planning and Devel opment, written com-
mun., July 30, 1993.

Revised habitat collection procedureswere usedin
the Lowes Creek and Como Creek watersheds. The
upper part of the Lowes Creek watershed liesinside the
Driftless Areaand is characterized by relatively steep
relief and loamy soils. Approximately 54 percent of the
watershed isagricultural land (S. Thibodeau, Eau Claire
County Department of Planning and Devel opment,
written commun., July 30, 1993). The drainage for
Como Creek is completely outside the Driftless Area.
The Como Creek watershed was estimated by the Sail
Conservation Service WIN model to contain 73 percent
cropland and 19 percent pasture in 1992 (Jane Tetzl aff-
Jensen, Chippewa County, oral commun., June 29,
1993; Soil Conservation Service, 1992). Flows for
Como and L owes Creeks generally are more stable than
flows for streamsin the Driftless Area (K. Schreiber,
Wisconsin Department of Resources, oral commun.,
1990); however, increased fine-grained sediment input

to both streams is a concern for trout fisheriesin these
streams.
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METHODS

Data Collection

In late June through early September 1990, the
WDNR sampled for fish and habitat at alarge number
of streams in the middle Kickapoo and middle Trem-
peal eau watersheds. Nine of these streams were chosen
for HSI analysis (fig. 1). The number of stations sam-
pled on acreek varied from two to four. Habitat data
were collected for 305-m reaches upstream or down-
stream of each station using transects every 3.05 m and
according to Lyons (1990; also see Simonson, 1993;
and later version in Simonson and others (1994). An
evaluation of the precision and accuracy of these habitat
measures is provided in Wang and others, 1996.
According to Wang and others (1996), the precision of
habitat variable estimates ranged from 0-32 units
(95 percent confidence intervals), depending on the
variable type and habitat homogeneity. About 70 per-
cent of the confidence intervals wereless than 10 units.
Accuracy for substrate variable measurement was high
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but was influenced by substrate homogeneity. Mean
estimated substrate values were closely correlated (r2 >
0.85, p < 0.01) with digitized values obtained from pho-
tographs. Habitat sampling required approximately

2 hours per station. This protocol was not designed for
use with the HSI models, and application of the models
to this data set was an after-the-fact decision. Fish were
collected in May 1990 in the middle Kickapoo water-
shed and from late June to early August 1990 in the
middle Trempeal eau watershed. Numbers of brook and
brown trout were determined by towed or backpack
electroshocking devices using a single pass of the 305-
m reach without blocknets. Water-clarity, air and water
temperature, and flow volumewere recorded at thetime
of habitat data collections. Additiona information,
including water quality data, on WDNR monitoring of
these two watersheds can be found in Schreiber (1991a
and 1991b).

In 1991, habitat sasmpling was conducted by the
USGSduring August in thelower Chippewawatershed.
Habitat data were collected at one station on Como
Creek and at three stations on Lowes Creek (fig. 1) spe-
cifically for input into the HSI models for brook trout
and brown trout. Data for other habitat characteristics
were collected along 305-m reaches using 12 transects
on Como Creek and 20 transects at each station on
Lowes Creek. On Como Creek, a single-pass sampling
for trout was conducted in August 1991 by the WDNR
using atowed electroshocking device. Lowes Creek
data on numbers of brook and brown trout were from
WDNR collections made in 1987.

Transectswere begun at adistance from culvertsor
bridgeswhere no channel widening or flow effectswere
detectable (Como Creek, 16 m; Lowes Creek, 67 to
125 m). A single discharge measurement was made at
the downstream end of each station using a pygmy
meter. At each transect, stream width was measured
using an open-reel tape, habitat type was noted (that is,
pool, riffle, or run and whether the transect was at a
potential trout-spawning area), and the percentages of
instream fish cover, streambank stability, and percent-
ages and types of streambank vegetative cover were
visually estimated. Water depth, velocity, percentage of
shade, embeddedness, and stream-bottom substrate data
were collected at four equally spaced positions across
each transect. The latter three characteristics were visu-
ally estimated. Stream-bottom surface coverage by each
substrate type (that is, cobble, gravel, and so forth) and
embeddedness were estimated using a 30-cm wide x
50-cm height viewing tube constructed of plastic poly-

vinyl chloride (PVC) and plexiglass with a marked
nine-square grid on the clear base. Each 9 x 9-cm square
was assumed to equal approximately 10 percent cover-
age.

For water-quality dataat Como and L owes Creeks,
hydrolabs (Datasonde Model 2H) were installed for
3 days (8/30/91 to 9/2/91) at station 1 on Como Creek
and at station 3 on Lowes Creek to record water temper-
ature (for maximum during warmest period), pH, and
dissolved oxygen every half hour.

WDNR data collected at the same or nearby (less
than one-half mile away) Lowes Creek sites were used
for nitrate-nitrogen (average for April through June
1991). These data also were used for average maximum
water temperature (RYAN TempMentor continuous
readings for April 1991) and average minimum dis-
solved oxygen concentration during embryo devel op-
ment (Y SI dissolved oxygen meter connected to a
L1COR datal ogger; continuous readingsfor June 1991).
Datafor April 8, 1991 was input for maximum water
temperature during embryo development at all stations
on Lowes and Como Creeks as the time of fry emer-
gencefor brown trout was assumed to be March to Mid-
April. WDNR datafor June 11-19, 1991 at L owes
Creek were used for minimum dissolved oxygen and
associated temperatures because these val ues were the
|lowest recorded by the WDNR and also werelower than
those recorded by the USGS hydrolab in August 1991.
Additional information on WDNR monitoring of Como
Creek can be found in Schreiber (1992).

Where measured values at the study streams were
not available, because the streams were not gaged and
measurement otherwise would have been difficult, hab-
itat characteristics (mean annual flows, average annual
base and peak flows, maximum and average maximum
water temperature during April through May) were esti-
mated from mean values for nearby USGS gaged
streams (Holmstrom and Erickson, 1990). For example,
some variablesfor Como and L owes Creekswerethose
from USGS 1990 datafor Tenmile Creek near Nekoosa,
Wisconsin (USGS station number 05401050; Holm-
strom and others, 1991), which was considered to have
flow characteristics similar to these streams. For afew
habitat variables where datawas unavail able for nearby
gaged streams of similar flow characteristics, we
assumed optimum values based on the HSI model
response curvesin Raleigh (1982) and Raleigh and oth-
ers (1986). A description of data sourcesfor all HS
variablesisfound in appendix 2.

METHODS 5
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August 1991). (Arrow points to the optimum value for percentage of fines at all three cover values and the threshold value for
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Application of Habitat Suitability Index Models

The most up-to-date HSI models available for
brook trout (Brook trout model, riverine, cold; February
1988 modification; Raleigh, 1982) and brown trout
(Brown trout model, riverine; September 1988 modifi-
cation; Raleigh and others, 1986) were applied to the
fish-habitat data collected for the 11 streams using ver-
sion 2.1 of Micro-HSI, Habitat Eval uation Procedure
(HEP) Software (U.S. Fish and Wildlife Service, 1989).
The model software allowed calculation of HSI values
for different cover/vegetation typeswithin astudy area.
Inthisstudy, thisoption wasinstead used to separatethe
different stations sampled at astream so that a separate
HSI value for each station as well as an overall HS|
value for the stream could be calculated at the same
time. The model output indicates the overall suitability
of the stream for the species of interest on a scale of
0.00-0.24 (“totally unsuitable”), 0.25-0.49 (“below
average’), 0.50-0.74 (“average”), 0.75-0.99 (“good”),
and 1.00 (“excellent”) (U.S. Fish and Wildlife Service,
1981). Additional information from USFWS (1980,
1981) was used for model application and interpreta-
tion.

Using the model, the amount of change in avari-
able(s) needed to optimize fish-habitat suitability was
estimated. M odel-sensitivity analyses hel ped determine
which habitat variables were most important in improv-
ing the suitability of astream for a given fish species.
Limiting habitat variableswere changed by +10 percent
to observe their effect on the HSI value. Habitat vari-
ables also were changed by more than 10 percent; how-
ever, adifferent habitat variable sometimes became
limiting at that point. The response curves generated by
the HSI model were useful for viewing how the HSI
value might change along a range of values for one or
two variables. The curves also were useful for determin-
ing optimum and threshold valuesfor variables. Thresh-
old values were considered as values of avariable
beyond which dramatic changes would occur inthe HSI
value. Because not al variables were given equal
weight in calculation of HSI values, the intermediate-
function values option allowed the model user to deter-
mine the effect each variable had on the calculation.
This option also aided in determining the optimum val-
ues of avariable. Figure 2 shows an example of an HS
response curve with two variables and the approximate
optimal value for one variable. The intermediate-func-
tion value was particularly useful in cases where the
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sensitivity analysis was uninformative due to an HS|
vaue of 0.00, and it allowed the user to determine
which variables were primarily responsible for the
value.

The HSI values for brook trout and brown trout
were calculated differently. The brook trout model cal-
culated one HSI value. The HSI values for brown trout
were composed of separate Life Requisite Suitability
Index (LRSI) valuesfor each life stage, including adult,
juvenile, fry, embryo, and other. The other category
refersto variables that affect al life stages. The overall
HSI value for brown trout calculated at a station was
egual to the minimum LRSI value at that station.

The HSI models for brook trout and brown trout
assumed that optimal spawning substrate was predomi-
nantly gravel with <5 percent fine-grained sediment.
Fine-grained sediment > 30 percent was assumed to
result in small survival rates of embryos and emerging
fry (Raleigh, 1982; Raleigh and others, 1986). The
brook trout HSI model allowed for percentages of fine-
grained sediment up to a maximum of 60 percent and
the brown trout HSI model alowed for input of a max-
imum value of 40 percent fine-grained sediment. The
time of fry emergence for both fisheswas assumed to be
March through mid-April for the study streams,
although Avery and Niermeyer recently reported emer-
gence of brown trout fry from mid-March through early
May in one central Wisconsin stream (Avery and Nier-
meyer, 1999).

RESULTS

Habitat characteristics for the 11 study streams are
summarized in table 2. The percentage of fine-grained
sediment was quite variable among the streams. Sand
ranged from 0 to 90 percent in the streams, and silt
ranged from 0 to 70 percent. The percentage of silt was
less than 30 at nine of eleven streams. Clay was absent
from most stream sites. The only stream siteswherethe
percentage of clay exceeded 5 percent wereinthe Trem-
peal eau watershed on Reynolds Coulee Creek, where
concentrations ranged from 20 percent of the substrate
at sampling station 1 to 80 percent at station 3.

Thedistribution of brook trout differed from brown
trout in the streams and brook trout were less common.
Brook trout were collected from three streamsin the
Trempeal eau watershed and one stream in the
Chippewa watershed. Total lengths of captured brook
trout ranged from 51-214 mm at station 1 on Newcomb
Creek to 76-328 mm at station 3 on Turton Creek; both

are in the Trempeal eau watershed. Brown trout were
found at eight stations, representing four different
streams from those where brook trout were collected.
Brown trout collected were generally small, suggesting
that many or all may have been stocked. Artificial
stocking of trout could likely confound validation of
model predictions. Stocking of some of the study
streams (Schreiber, 1991a) may have contributed to the
number of brown trout collected at some stationswhere
the HSI model predicted “below average” or “unsuit-
able” habitat.

Kickapoo River Watershed

Brush Creek—Habitat for brook trout in Brush
Creek ranged from “totally unsuitable”’ to “good” at the
four stations sampled, and the overall HSI for this creek
was"“below average” (table 3). Winter cover intheform
of deep pooals, log jams, and undercut banks with tree
roots and debrisin streams provides shelter and reduces
velocities (Tschaplinski and Hartman, 1983). An HSI
value of 0.00 at station 1 wasdueto alack of winter and
escape cover for fry (10-40 cm cobbles and boulders).
However, fine-grained sediment in spawning areas and
fine-grained sediment as the dominant substrate in rif-
fle-run areas also werelimiting variables. For example,
a decrease in the fine-grained sediment to optimal val-
uesin spawning and riffle-run areas increased the HSI
value for station 1 from “totally unsuitable” to “good”
habitat (table 3); however, asimilar decrease at
station 2 did not substantially increasethe HSI value. If
the average size of fine gravel (not measured) at
station 3 was assumed to be 1.6 cm (upper limit of fine-
gravel size = optimum) and the percentages of fine-
grained sediment in spawning and riffle-run areas were
set to optimal values, the HSI value for this station
increased from “totally unsuitable” to “good.” The per-
centages of fine-grained sediment at station 4 were
small and decreases did not change HSI values. When
fine-grained sediment was decreased to optimal values
at stations 1 and 3, assuming the average size of fine
gravel was 1.6 cm at station 3, the overall habitat for the
creek achieved a“good” rating. No brook trout were
found in Brush Creek.

The overall HSI value for brown trout in Brush
Creek was “totally unsuitable” (table 4). The percent-
age of fine-grained sediment in spawning and riffle-run
areas was moderate to large at stations 1, 2, and 3. A
decreasein fine-grained sediment to an optimal value of
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Table 2. Summary of habitat data collected for Kickapoo and Trempealeau watersheds during 1990 and
Chippewa watershed during 1991

[dominant bank cover within 5 meters of the stream is categorized as cultivated (CU), grass or lawn (GR), forested (FO), meadow
(MD), open pasture (OP), shrubs (SH), or wood pasture (WP), and is listed al phabetically. For the Kickapoo and Trempeal eau

watersheds only, bank erosion israted on a scale of 1 (heavy) to 4 (none); canopy cover israted on a scale of 1 (closed) to 3 (open);

clarity israted on ascale of 1 (clear) to 3 (turbid); embeddedness of cobble or gravel israted on a scale of 1 (<5%) to 5 (>75%) or
NA if no cobble or gravel present on streambottom; instream cover is rated on a scale of 1 (none) to 4 (abundant). Pool quality for
all streamsisrated as 1 (good: 50% or more of pools are = 0.90 meter deep), 2 (moderate: 50% or more of pools between 0.15-0.90

meter deep), or 3 (poor: 50% or more of pools are = 0.15 meter deep); mm, millimeter]

Kickapoo watershed

Variable Brush Creek North Bear Creek Otter Creek Warner Creek

Bank cover - dominant FO/OP MD/OP FO/MD/OP FO/GR/MD/OP
Bank erosion (1-4) 1-2 1-3 1-2 14
Canopy cover (1-3) 2-3 3 2-3 2-3
Clarity (1-3) 1-3 1 1 1
Depth - mean (m) 0.21-0.40 0.22-0.58 0.19-0.46 0.16-0.35
Depth - mean maximum (m) 0.31-0.64 0.30-0.75 0.27-0.57 0.21-0.49
Discharge (m?/s) 0.12-0.50 0.11-0.22 0.05-0.12 0.01-0.34
Embeddedness - cobble (1-5) NA-2 NA NA-1 NA-2
Embeddedness - gravel (1-5) NA—4 3 NA-2 24
Gradient (m/km) 2.8 9.1 8.1 6.1
Instream cover (1-4) 2-3 34 2-3 24
Pool length - total (m) 17.4-115 151-152 19.8-108 61.9-167
Pool quality (1-3) 2 2 2 2-3
Riffle length - total (m) 41.8-98.8 25.3-52.7 60.0-75.3 23.8-141
Silt depth - pools (m) 0-0.15 0-0.24 0.12-0.21 0-0.06
Silt depth - runs (m) 0-0.06 0-0.12 0.03-0.09 0-0.03
Silt depth - riffles (m) 0 0 0 0
Substrate type (%)

Clay (< .004 mm) 0 0 0 0

Silt (.004 mm) 0-35 10-20 20-70 0-10

Sand (.062 mm) 20-60 30-70 10-20 10-80

Fine gravel (2 mm) 5-30 5-10 0 5-10

Coarse gravel (16 mm) 0-40 550 20-30 5-50

Caobble/rubble (65 mm) 0-10 0 0-30 0-25

Small boulder (250 mm) 0 0 0 0

Largeboulder  (>500 mm) 0 0 0 0

Bedrock 0 0 0 0
Temperature (°C) 11-13 14 9-11 9-16
Width - mean (m) 3.8-6.8 2.6-5.9 3448 0.85-6.6
Number of sites 4 2 3 4

Trempealeau watershed
Variable Lewis Valley Newcomb Valley Reynolds Coulee Swinns Valley
Creek Creek Creek Creek

Bank cover - dominant MD/OP FO/MD/OP/WP FO/MD CU/MD/OP
Bank erosion (1-4) 14 2-3 24 34
Canopy cover (1-3) 2-3 2-3 1-3 2-3
Clarity (1-3) 1 1-3 1-3 1
Depth - mean (m) 0.10-0.15 0.09-0.15 0.11-0.17 0.13-0.21
Depth - mean maximum (m) 0.13-0.20 0.13-0.20 0.16-0.26 0.20-0.29
Discharge (m%/s) 0.02-0.08 0-0.04 0.01-0.07 0.02-0.20
Embeddedness - cobble (1-5) 1-2 2-4 NA-2 NA-1
Embeddedness - gravel (1-5) 2-3 2-4 NA-5 1-5
Gradient (m/km) 3.8 5.7 39 8.9
Instream cover (1-4) 2-4 2-4 34 24
Pool length - total (m) 30.2-125 29.5-43.6 78.0-109 11.6-140
Pool quality (1-3) 2 2-3 2 2
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Table 2. Summary of habitat data collected for Kickapoo and Trempealeau watersheds during 1990 and

Chippewa watershed during 1991—Continued

Trempealeau watershed

Newcomb Valley

Reynolds Coulee

Swinns Valley

Turton Coulee

Variable Lewis Valley Creek Creek Creek Creek Creek

Riffle length - total (m) 61.9-66.8 80.2-151 43.6-136 2.74-72.5 79.6-190
Silt depth - pools (m) 0-0.15 0 0 0-0.02 0-0.02
Silt depth - runs (m) 0-0.21 0 0 0-0.02 0
Silt depth - riffles (m) 0 0 0 0 0
Substrate type (%)

Clay (< .004 mm) 0 0 20-80 0 0-5

Silt (.004 mm) 0-30 0 0-20 0-5 0-30

Sand (.062 mm) 40-90 40-95 0-20 10-90 60-90

Fine gravel (2 mm) 0-10 0-20 0-70 5-45 0-10

Coarse gravel (16 mm) 5-10 0-30 05 0-40 0-20

Cabble/rubble (65 mm) 0-10 0-20 0 0-5 0

Small boulder (250 mm) 0-5 0-30 05 0-5 0

Large boulder  (>500 mm) 0 0-10 0 0 0

Bedrock 0 0-10 0 0 0
Temperature (°C) 14-17 16-19 11-12 13-18 11-22
Width - mean (m) 1.8-34 0.96-1.7 14-30 2244 1969
Number of sites 2 4 3 3 4

Chippewa watershed

Variable Como Creek Lowes Creek
Bank cover - dominant MD/OP FO/MD/OP/WP
Bank stability (%) 80 85-95
Canopy cover/shading (%) 20 50
Clarity/Turbidity (NTU) 84 3.6-12
Depth - mean (m) 0.57 0.35-0.47
Depth - mean maximum (m) 0.75 0.45-0.61
Discharge (m?’/s) 0.10 0.68-0.74
Embeddedness (%) 10 20-30
Gradient (m/km) 2.03 8.70-11.8
Instream cover (%) 35 10-25
Oxygen - minimum dissolved (mg/ 6.80 8.1
L)

pH - mean 6.6 7.5-8.0
Pool length - total (m) 114 29.3-113
Pool quality (1-3) 2 1-2
Pool width mean - (m) 5.45 7.65-8.50
Riffle length (m) 0 0-300
Substrate type (%)

Clay (<.004 mm) 1 0

Silt (.004 mm) 30 5-25

Sand (.062 mm) 60 30-80

Fine gravel (2 mm) 1 5-10

Coarse gravel (16 mm) 1 0-5

Pebble (32 mm) <1 5-10

Small cobble (64 mm) 0 0-5

Large cobble (128 mm) <1 0-5

Small boulder (250 mm) 0 0-1

Large boulder (<500 mm) 0 0-1

Bedrock 0 0-50
Temperature (°C) 14.7 16.5-17.0
Width - mean (m) 4.4 9.1-9.3
Number of sites 1 3
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Table 3. Number of brook trout collected and results of Habitat Suitability Index model for brook trout in Kickapoo and
Trempealeau watersheds in 1990 and Chippewa watershed in 1991 before and after computer-simulated modification of the
percentage of fine sediment in spawning and riffle-run areas

[HSI, habitat suitability index percentage of fine-grained sediment refers to sediment <2 mm diameter]

Percentage of fine-grained Station HSI value

sediment
. Number of brook Initial Optimal - After
Name of stream Station number trout . . Initial e
collected (Spawning/riffle run) modification

1990 Kickapoo water shed
Brush Creek 1 0 30/35 20/25 0.00 0.78
2 0 40/45 20/25 .66 .68
3 0 40/45 10/15 .00 .83
4 0 5/10 5/10 .86 .86
Overall HSI value .38 .79
North Bear Creek 1 0 35/40 20/25 .00 .75
2 0 20/25 20/25 .62 .62
Overall HSI value 31 .68
Otter Creek 1 0 20/25 20/25 .81 .81
2 0 25/30 25/30 .67 .67
3 0 40/45 25/30 .52 .59
Overall HSI value .66 .69
Warner Creek 1 0 5/10 5/10 .79 .79
2 0 20/25 10/15 .78 .81
3 0 35/40 25/30 .67 .68
4 0 35/40 25/30 .35 41
Overall HS| value .65 .67

1990 Trempealeau water shed

Lewis Valley Creek 1 0 5/10 5/10 47 A7
2 0 40/45 20/25 .68 .80
Overall HSI value .58 .63
Newcomb Valley Creek 1 6 20/25 20/25 .50 .50
2 0 15/20 15/20 .76 .76
3 0 35/40 20/25 .51 .58
4 0 5/10 5/10 45 45
Overall HS| value .54 .56
Reynolds Coulee Creek 0 1/1 1 .81 .81
2 0 55/60 25/30 .00 .00
3 14 55/60 25/30 .00 .60
Overall HSI value 27 A7
Swinns Valley Creek 1 0 55/60 20/25 44 .57
0 20/25 20/25 .56 .56
3 0 11 1 .84 .84
Overall HSI value .62 .66
Turton Coulee Creek 1 0 55/60 20/25 .00 .00
2 0 35/40 20/25 .00 .67
3 14 20/25 20/25 71 71
4 12 20/25 20/25 48 .48
Overall HSI value .30 A7

1991 Chippewa water shed
Como Creek 1 9 60/60 5/10 .46 74
Overall HS| value 46 74
Lowes Creek 1 ND 60/60 10/10 .00 .81
0 31/31 10/10 .58 .81
3 0 46/46 10/10 .64 .88
Overall HS| value 41 .83

10 Determination of the Effects of Fine-Grained Sediment and Other Limiting Variables on Trout Habitat for Selected Streams in
Wisconsin



Table 4. Number of brown trout collected and results of Habitat Suitability Index model for brown trout in Kickapoo and
Trempealeau watersheds in 1990 and Chippewa watershed in 1991 before and after computer-simulated modification of the
percentage of fine sediment in spawning and riffle-run areas

[Numbers of trout for Lowes Creek from Wisconsin Department of Natural Resources data for 1987; HSI, habitat suitability index; percentage of fine-grained
sediment refers to sediment <2 mm diameter]

Percentage of fine-grained

Name of stream Station number b'\:(l;vn\:r??:oojt sediment Stetion Sl value
collected Initial Optimal Initial After .
modification

1990 Kickapoo water shed
Brush Creek 1 2 30 5 0.00 0.00
2 0 40 5 .10 .10
3 7 30 5 .00 .00
4 5 5 5 43 43
Overall HSI value 21 21
North Bear Creek 1 1 30 20 .00 .00
2 0 15 5 .00 .00
Overall HSI value .00 .00
Otter Creek 1 0 15 5 43 43
2 0 20 5 14 14
3 0 30 5 .00 .00
Overall HSI value .33 .33
Warner Creek 1 6 5 10 .00 .00
2 41 15 10 .00 .00
3 2 30 10 14 14
4 0 30 10 .00 .00
Overall HSI value 12 .19

1990 Trempealeau water shed

Lewis Valley Creek 1 0 5 5 14 14
2 0 35 20 .15 .40
Overall HSI value .32 37
Newcomb Valley Creek 1 0 15 10 .30 .30
2 0 15 10 .38 .38
3 0 30 10 .20 .30
4 0 5 5 A4 4
Overall HSI value .28 .28
Reynolds Coulee Creek 0 1 1 .50 .50
2 0 40 10 .00 .00
3 0 40 10 .00 .00
Overall HSI value a7 A7
Swinns Valley Creek 1 0 40 10 .10 .10
2 0 20 10 .00 .00
3 1 1 1 .50 .50
Overall HSI value .23 .23
Turton Coulee Creek 1 0 40 10 .00 .00
2 0 30 10 .00 .00
3 0 5 5 .00 .00
4 0 15 10 .00 .00
Overall HSI value .00 .00

1991 Chippewa water shed
Como Creek 1 0 40 5 .05 .05
Overall HSI value .05 .05
Lowes Creek 1 40 20 .00 .10
2 36 20 A .25
3 40 20 .10 .25
Overall HSI value .10 .25
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5 percent at these stationsincreased the LRSI valuesfor
embryos substantially; however, neither the HSI values
for these stations nor the overall HSI valuefor the creek
improved because the embryo LRSI value was not lim-
iting (table 5). Habitat suitability was limited by inade-
quate cover for adults at al stations, inadequate cover
for juveniles at stations 1 and 2 and fry at stations 1, 2,
and 3, and insufficient pool areafor juveniles at

station 3. Fine-grained sediment at station 4, estimated
a 5 percent, was not limiting to brown trout. Low num-
bers of brown trout were found at stations 1, 3, and 4,
and the largest number of brown trout wasfound at sta-
tion 3. Brush Creek is stocked annually (Schreiber,
1991a).

North Bear Creek—Habitat was “totally unsuit-
able” for brook trout at station 1 and “average” at
station 2, whereas the overall habitat for the creek was
“below average” (table 3). Therating at station 1 was
due primarily to alack of winter and escape cover for
fry and small juveniles. Relatively large percentages of
fine-grained sediment in spawning and riffle-run areas
alsolimited brook trout at thisstation. Thestation 1 HSI
valueincreased from “totally unsuitable” to “ good” and
the overall HSI value for the creek increased to “aver-
age” when fine-grained sediment in spawning and rif-
fle-run areas was decreased to optimal values (table 3).
Although decreasesin fine-grained sediment at
station 2 did not affect the HSI value, an increasein
fine-grained sediment in spawning areas to approxi-
mately 33 percent resulted in an HSI value of 0.00. No
brook trout were found in this creek.

Habitat for brown trout was “totally unsuitable” at
both stations sampled in North Bear Creek dueto alack
of winter and escape cover for fry (table 4). Decreases
in percentage of fine-grained sediment in spawning and
riffle-run areas did not increase the HSI valuesfor these
stationsor for the creek. Only onetrout was collected in
North Bear Creek athough the WDNR stocked the
creek in spring 1990 with brown trout (Schreiber,
19914).

Otter Creek—Habitat for brook trout in Otter
Creek ranged from “average” to “good” at the three sta-
tions sampled, and the overall HSI value for the creek
was “average”; however, no brook trout were found
(table 3). Decreasing fine-grained sediment at stations 1
and 2 did not result in substantial increasesin the HS|
values because of the importance of other variables.
Brook trout at station 1 were limited by insufficient
trees and shrubs on the streambanks. The primary limit-
ing variable at station 2 was minimum flow and thiswas

asecondary limiting variable at stations 1 and 3. Brook
trout at station 3 were limited by alack of winter and
escape cover for fry. Percentages of fine-grained sedi-
ment in spawning and riffle-run areas were largest at
station 3, and when fine-grained sediment was
decreased to optimal values, the HSI value for this sta-
tion and the creek improved only dightly.

The overall HSI value for the brown trout in Otter
Creek was “below average” (table 4). At stations 1, 2
and 3, a 10 percent decrease in fine-grained sediment
resulted in an increase in the LRSI values for embryos
of 15, 10 and 30 percent, respectively. However, a
decreasein fine-grained sediment to an optimal value of
5 percent did not result in anincreasein the overall HS
value for the creek. Inadequate cover for adults and
juveniles at station 2, and lack of winter and escape
cover for fry at station 3 appeared to be more important
in limiting brown trout (table 5). Similar to North Bear
Creek, no brown trout were collected despite the fact
that the WDNR stocked Otter Creek with browntroutin
spring 1990 (Schreiber, 19914).

War ner Creek—Habitat for brook trout in Warner
Creek was “good” at stations 1, 2, and 3, “below aver-
age” at station 4, and the overall HSI valuefor the creek
was “average’ (table 3). Decreasing the percentage of
fine-grained sediment in spawning and riffle-run areas
did not substantially increase the HSI values for the sta-
tions sampled or the overall HSI value for the creek. At
station 1, the percentage of fine-grained sediment was
small, and decreases did not affect the HSI value. Per-
centages of fine-grained sediment were moderate
(2040 percent) at the other stations. Brook trout at
stations 1 and 2 were limited mainly by alack of winter
and escape cover. Low minimum flow was the primary
limiting variable at stations 3 and 4. No brook trout
were collected.

HSI values for brown trout in Warner Creek were
“totally unsuitable’ at the four stations, aswasthe over-
all HSI value (table 4). Lack of winter and escape cover
for fry and lack of cobble and boulder substratein riffle-
run areas were the most important variables limiting
brown trout at station 1, where the percentage of fine-
grained sediment in spawning and riffle-run areas was
small. Decreasing the percentage of fine-grained sedi-
ment in spawning and riffle-run areas to optimum at
stations 2, 3 and 4 did not change the HSI values
(table 4). Lack of winter and escape cover for fry and
inadequate cover for adults and juveniles were the pri-
mary limiting variables at these stations. The HSI val-
ues are in contrast to the fact that brown trout were
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Table 5. Life Requisite Suitability Index (LRSI) and Habitat Suitability Index (HSI) values for brown trout in 11

Wisconsin streams during 1990 and 1991

Station

LRSI value

Stream number Adult Juvenile Fry Embryo Other? HSIvalue

1990 Kickapoo water shed
Brush Creek 1 0.14 0.33 0.00 0.20 0.30 0.00
2 4 .33 .20 .10 .60 .10
3 4 .22 .00 .20 .30 .00
4 43 .60 .81 1.00 .60 43
Overall value 21
North Bear Creek 1 .60 .60 .00 .20 .30 .00
2 43 .60 .00 .50 .58 .00
Overall value .00
Otter Creek 1 43 .60 .76 .50 .60 43
2 .14 .33 .65 .40 .60 .14
3 43 .60 .00 .20 .30 .00
Overall value .33
Warner Creek 1 43 .60 .00 1.00 .30 .00
2 43 .60 .00 .50 .60 .00
3 14 .33 47 .20 .60 4
4 .30 .30 .00 .20 .30 .00
Overall value 12

1990 Trempealeau water shed

Lewis Valley Creek 1 14 .30 .30 .80 .30 14
2 .60 .60 .33 .15 .60 .15
Overall value .32
Newcomb Valley Creek 1 .30 .30 .30 .50 .30 .30
2 .38 .38 .38 .50 .60 .38
3 .30 .30 .36 .20 52 .20
4 14 .30 .38 .80 .60 14
Overall value .28
Reynolds Coulee Creek 1 .60 .60 .50 .70 .60 .50
2 43 .60 .00 .00 .30 .00
3 .60 .60 .00 .10 .30 .00
Overall value A7
Swinns Valley Creek 1 .14 .18 .18 .10 .30 .10
2 .14 .33 .00 .40 .60 .00
3 .60 .60 .50 .80 .60 .50
Overall value .23
Turton Coulee Creek 1 .10 .10 .00 .00 21 .00
2 43 48 .00 .20 .30 .00
3 .24 .24 .00 .80 .30 .00
4 43 .60 .00 .50 .58 .00
Overall value .00

1990 Chippewa water shed
Como Creek 1 .60 .60 .10 .05 .05 .05
Overall value .05
Lowes Creek 1 .60 .60 .00 .10 A1 .00
2 .26 .26 .26 A1 A1 A1
3 .69 .69 .20 .10 12 .10
Overall value .10

1Al life stages.
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found at stations 1, 2, and 3. The number of brown trout
collected, especially the 41 trout collected at station 2,
may simply reflect the large number of brown trout
stocked inthisstreamin 1990 by the WDNR (Schreiber,
19914).

Trempealeau River Watershed

L ewisValley Creek—Brook trout habitat in Lewis
Valley Creek received an overall rating of “average”
(table 3) but no brook trout were found in the creek. At
station 1, fine-grai ned sediment was minimal and not an
important variablefor brook trout populations. Shallow
thalweg depth was the primary limiting variable at this
station. Low minimum flows and shallow thalweg
depth limited brook trout at station 2. Although only
dightly sensitive to a 10 percent decrease in fine-
grained sediment, the HSI value for station 2 increased
by 17 percent, and the overall HSI value for the creek
increased by 10 percent when fine-grained sediment in
spawning and riffle-run areas was decreased to optimal
values (table 3).

The overall HSI value for brown trout in Lewis
Valley Creek was “below average’ (table 4) and no
brown trout werefound. The creek had not been stocked
(Schreiber, 1991b). At station 1, the percentage of fine-
grained sediment in spawning and riffle-run areas was
small and decreases did not affect the HSI value. The
primary limiting variable for adults at this station was
cover, and pool arealimited juveniles and fry. Interme-
diate-function values indicated that fine-grained sedi-
ment in riffle-run areas limited al life stages at both
stations. At station 2, ardatively large percentage of
fine-grained sediment in spawning and riffle-run areas
was the only limiting variable for fry and embryos and
resultedin a“below-average’ habitat rating for both life
stages. A decrease in fine-grained sediment at station 2
to the optimal value increased the station HSI value
from “totally unsuitable” to “below average” (table 4);
however, the overall HSI value for the creek was still
“below average” because of the importance of the other
variables described above.

Newcomb Valley Creek—Although the HSI value
for brook trout at station 2 in Newcomb Valley Creek
was “good,” values at the other three stations were
either “below average” or “average,” and the overall
HSI value for the creek was “average” (table 3). Brook
trout were collected only at station 1 and may have been
from natural reproduction (Schreiber, 1991b). The

creek is not stocked for trout. Decreasing the percent-
ages of fine-grained sediment in spawning and riffle-
run areas at station 3 to optimum values increased the
station HSI value by 10 percent and the overall HS
value by only 3 percent. Decreases in fine-grained sed-
iment at the other three stations or further decreases for
station 3 did not substantially increase the HSI values.
Low minimum flow at stations 2 and 3, and shallow
thalweg depth at stations 1, 2, and 4, appeared to be the
dominant limiting variables.

Newcomb Valley Creek had “totally unsuitable” or
“below-average’ habitat for brown trout at all stations
(table 4), and brown trout were not found at any stations
on this creek. The percentage of fine-grained sediment
in spawning and riffle-run areas was alimiting variable
for embryosat stations 1, 2, and 3 but wasnot important
at station 4, where fine-grained sediment was minimal.
Decreasing fine-grained sediment to an optimal value
increased the LRSI value for embryos at stations 1, 2,
and 3 but did not result in an increasein the overall HS
value of the creek (table 4). Inadequate pool areaand
poor pool quality resultedinlow LRSI valuesfor adults,
juveniles, and fry (table 5). Fine-grained sediment in
riffle-run areas at station 1 was an important limiting
variablefor all life stages. Also, high water temperature
was limiting to all life stages at station 3, and the cover
was inadeguate for adults and juveniles at station 4.

Reynolds Coulee Creek—The overall HSI value
for brook trout in Reynolds Coulee Creek was “below
average’ asaresult of “totally unsuitable” ratings at sta-
tions 2 and 3 (table 3). Habitat at station 1 was “good,”
however. Percentages of fine-grained sediment in
spawning and riffle-run areas were minimal at station 1
and not limiting to brook trout. Decreasing fine-grained
sediment at station 2 did not increase the HS| value for
this station due to alack of winter and escape cover for
fry and small juveniles and alack of gravel substrate
between 0.3-8 cm in spawning areas. Brook trout at
station 3 al'so were limited by alack of winter and
escape cover. When fine-grained sediment in spawning
and riffle-run areas was decreased to optimum values,
the HSI valueat station 3increased to “average” and the
overall HSI value for the creek increased from “below
average” to near “average” (table 3). At station 3, the
HSI value plummeted to 0.00 once the percentage of
fine-grained sediment in spawning areas reached
44 percent. This stream is managed as a Class | trout
fishery (Schreiber, 1991b) so the 14 brook trout found
at station 3, in contrast to habitat model predictions,
may represent stocked fish.
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The overal HSI value for brown trout at the three
stations in Reynolds Coulee Creek was “totally unsuit-
able” (table 4) and no brown trout were found in this
creek. Habitat at station 1 was “good,” whereas habitat
at stations 2 and 3 was “totally unsuitable.” Decreases
in percentages of fine-grained sediment in spawning
and riffle-run areas did not improve the HSI value for
the stations sampled or the overall HSI value for the
creek. At station 1, the percentage of fine-grained sedi-
ment in spawning and riffle-run areaswas minimal, and
any decreasesdid not increase HSI values. Although the
percentage of fine-grained sediment was relatively
largeat stations 2 and 3, lack of winter and escape cover
for fry wasmoreimportant (table 5). Habitat at station 2
was also unsuitable for embryos due to lack of spawn-
ing gravel. Substrate at stations 2 and 3 wasmostly clay,
with some sand, silt, and detritus, and was a limiting
variable for all life stages at these stations.

Swinns Valley Creek—Habitat for brook trout in
Swinns Valley Creek ranged from nearly “average” to
“good,” with an overall habitat rating of slightly above
“average’ (table 3). Despitethismodel rating, no brook
trout were found. Station 1 had the smallest HSI value
and was limited primarily by the percentage of fine-
grained sediment. When the average size of the fine
gravel in spawning areas was assumed to be 1.6 cm and
fine-grained sediment was set to optimal, the HSI value
for station 1 increased by 30 percent (table 3). The
overal HSI value for the creek increased slightly but
was still “average” due to inadequate pool areaand a
predominance of fine gravel in spawning areas. Low
minimum flow limited brook trout habitat at stations 2
and 3, and shallow thalweg depth was alimiting vari-
able at station 3.

The overall HSI value for brown trout habitat in
Swinns Valley Creek was “totally unsuitable” (table 4);
however, habitat at station 3 was “average.” The per-
centage of fine-grained sediment in spawning and riffle-
run areaswasrelatively large at station 1 and was alim-
iting variable for embryos and fry. The dominance of
fine-grained sediment in riffle-run areas was a limiting
variablefor all life stages at station 1, and large percent-
ages of fine-grained sediment limited embryos at
station 2. However, decreasing fine-grained sediment
did not improve the HSI values for the stations or the
overal HSI value because of the greater importance of
other variables (table 4). Inadequate cover wasthe most
important variablelimiting adultsat stations 1 and 2 and
juveniles at station 2. Habitat for fry at station 2 was
unsuitable due to lack of winter and escape cover

(table 5). Fine-grained sediment was minimal at
station 3, which wasthe only station where brown trout
were collected from this creek. In addition, three age
classes were found and indications of natural reproduc-
tion. This creek is managed as aforage fishery
(Schreiber, 1991b) and is not stocked with trout. This
information indicates that the HSI model predictions at
station 3 did correctly assess station 3 as having the best
brown trout habitat of all stations sampled on this creek
and that it was suitable habitat.

Turton Coulee Creek—The HSI valuesfor brook
trout in Turton Coulee Creek stations ranged from
“totally unsuitable” to “good,” and the overall HSI
value for the creek was “below average” (table 3). Per-
centage of fine-grained sediment in spawning and riffle-
run areas was greatest at station 1, but decreasing fine-
grained sediment did not change the HSI value for this
station. Although alack of winter and escape cover for
fry and small juveniles was the major limiting variable
at all stations, station 1 also was limited by avery large
percentage of fine-grained sediment and alack of gravel
in spawning areas. Assuming the average size of fine
gravel (not measured) was 1.6 cm, the HSI value at
station 2 increased from 0.00 to “average” when fine-
grained sediment in spawning and riffle-run areas was
decreased to optimal values (table 3). The overall HSI
valuefor the creek increased by 56 percent to achieve a
nearly “average’ rating. At stations 3 and 4, the percent-
ages of fine-grained sediment were smaller, and
decreases improved the HSI values by only 0.8 and
1.2 percent, respectively. However, the response curve
for station 3 indicated a threshold at approximately
27 percent fine-grained sediment, above which the HS
value decreased to 0.00. Relative numbers of brook
trout collected at the four stationsin Turton Coulee
Creek did support the model results for this stream. No
trout were found at stations 1 and 2 where habitat was
“totally unsuitable,” and 14 and 12 brook trout were
collected where habitat was rated approximately
“good” and “average,” respectively.

The overall HSI value for brown trout in Turton
Coulee Creek was “totally unsuitable” (table 4) and no
brown trout were found in the sampling at this creek.
Intermediate-function values indicated that all stations
lacked winter and escape cover for fry and station 1 also
lacked spawning gravel (table 5). Inadequate pool area
limited adults and juveniles at stations 1 and 3. Decreas-
ing fine-grained sediment in spawning and riffle-run
areasdid not increasethe HSI valuefor these stations or
the creek overdl (table 4).
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Chippewa River Watershed

Como Creek—The habitat rating for brook trout
for Como Creek was nearly “average” (table 3). Low
minimum flow and inadequate winter and escape cover
werethe primary limiting variables. A large percentage
of fine-grained sediment (sand) in both spawning and
riffle-run areas was a secondary limiting variable. How-
ever, when the percentage of fine-grained sediment in
spawning and riffle-run areas was decreased to optimal
values, the HS| value for station 1 increased by 60 per-
cent to “good” habitat (table 4). Nine brook trout were
collected in 1991. This creek has historically had a
reproducing population (K. Schreiber, WDNR, personal
commun., August 1991).

The habitat rating for brown trout for Como Creek
was “totally unsuitable” (table 4) and no brown trout
were collected in 1991. Although habitat for adults and
juvenileswas “average,” habitat for fry and embryos
ranged from “below average” to “totally unsuitable”
(table 5). Pool quality wasthe primary variablethat lim-
ited adults and juveniles, and inadequate winter and
escape cover limited fry. A large percentage of fine-
grained sediment in spawning and riffle-run areas was
also animportant limiting variable for these life stages.
L ow minimum dissolved oxygen, 6.8 mg/L, was the
dominant variable affecting embryos; [ow minimum
dissolved-oxygen concentrations and a dominant sub-
strate of sand and silt in riffle-run areas limited al life
stages. For this reason, decreasing fine-grained sedi-
ment to an optimal value did not increase the HSI value
for this creek (table 4).

L owes Creek—The HSI values for brook trout at
stations in Lowes Creek ranged from “totally unsuit-
able’ to “average,” and the overall HSI value for the
creek was “below average” (table 3). No brook trout
were found. Brook trout at all three stations were lim-
ited primarily by inadequate amounts of substrate for
winter and escape cover aswell aslarge percentages of
fine-grai ned sedimentsthroughout the sampled reaches,
including spawning and riffle-run areas. Decreasing
fine-grained sediment to an optimal value of 10 percent
increased the HSI value at station 1 to “good,” and the
overal HSI value for the creek increased to “good.”
When fine-grained sediment was decreased to
10 percent at all stations, the overall HSI value for the
creek increased to “good.” At station 1, the response
curve indicated a threshold value at approximately
18 percent fine-grained sediment, above which the HS
value was 0.00.

Habitat for brown trout at stationsin Lowes Creek
was “totally unsuitable,” and the overall HSI value for
the creek was also “totally unsuitable” (table 4). How-
ever, naturally-produced brown trout, including finger-
lings, were collected from all sitesin 1987. Winter
conditionsin 198687 were mild and may have pro-
vided favorable over winter conditions for fingerling
and yearling trout (Doug Erickson, WDNR, written
commun., March 1988). The HSI model indicated that
poor quality of poolsand alack of substrate for winter
and escape cover limited brown trout at station 1. At
station 2, insufficient pool area, alarge percentage of
fine-grained sediment in riffle-run areas, and inade-
quate winter and escape cover were limiting variables.
At station 3, the primary limiting variable was fine-
grained sediment in riffle-run areas, and thisis where
the least number of trout were found. Low minimum
dissolved-oxygen concentrationsand alarge percentage
of fine-grained sediment in riffle-run areas were the pri-
mary variables affecting embryos at all stations. How-
ever, as mentioned earlier, dissolved-oxygen datafor
June were used in the HSI model because no datawere
available during embryo development (March through
mid-April). It ispossible that dissolved oxygen was not
alimiting variable during embryo development.
Decreasing fine-grained sediment to an optimal value at
all stationsdid not substantially increase HSI valuesdue
to the importance of the other variables (table 3).

SUMMARY AND CONCLUSIONS

Habitat for brook trout and brown trout ranged
from “unsuitable” to “good” at stations sampled in the
11 study streams. Results from the HSI models for
brook trout suggest that fine-grained sediment was the
primary limiting variable for brook trout at one or more
gtationsin 8 of the 11 study streams. Although fine-
grained sediment was not the primary limiting variable
for brook trout in Otter and Warner Creeks, resultsfrom
the HSI model suggest that an increasein fine-grained
sediment would substantially decrease the habitat suit-
ability for brook trout in Warner Creek. Lewis Valley
Creek was the only study stream in which fine-grained
sediment was the primary limiting variable for brown
trout populations. Lack of winter and escape cover for
fry was the primary limiting variable for brown trout at
20 of 33 stations and also limited brook trout at numer-
ous stations. Other limiting variables for both species
included inadequate pool area or quality, lack of
instream cover and lack of trees and shrubs on stream-
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banksfor erosion control, low minimum flows, shallow
thalweg depth, high maximum water temperatures, lack
of spawning substrate, sand and/or silt as the dominant
substrate in riffle-run areas, and low minimum dis-
solved-oxygen concentrations. The HSI values for
brook trout were larger than those for brown trout at all
but eight stations, where habitat was “totally unsuit-
able” for both species, suggesting that habitat at most
stations was better suited to brook trout.

Except where stocking was likely, the HSI values
were near “average” or better for those few stations
where brook trout were collected. At Turton Coulee
Creek, for example, the occurrence of brook trout at sta-
tions 3 and 4 but not at stations 1 and 2 was consi stent
with the HSI model output. The fact that most creeks
did not have naturally-reproduced brown trout also was
consistent with HSI model output indicating that habitat
for early-life-stages was limiting. Brown trout, appar-
ently naturally-reproduced, were found at the only sta-
tion on Swinns Valley Creek where the HSI model
output indicated “average” habitat and not at the other
two stations where habitat was rated “totally unsuit-
able.” At Lowes Creek, the only other creek where nat-
urally-reproduced brown trout were collected, mild
winter conditions might have mitigated the effects of
limiting variables at stations 1 and 2 but not at station 3
where the fewest number of brown trout were found.

The two models differed in their sensitivity to fine-
grained sediment impacts in the study streams. The
brook trout model was more sensitive than the brown
trout model and this likely reflects actual differences
between the two species. Becker (1983) has suggested
that brown trout are more tolerant than brook trout to
turbidity, an indicator of the amount of suspended fine
sediment in the stream.

HSI valuesfor brook trout averaged dightly lower
in the middle Trempealeau River watershed than the
middle Kickapoo watershed. This may have reflected a
higher percentage of agricultural land, especially crop-
land/grassand, in the middle Trempealeau River water-
shed. WDNR WIN analysis estimated a substantially
greater upland sediment loading from cropland/grass-
land than from pasture (Wisconsin Department of Nat-
ural Resources, 1992a and 1992b). In the middle
Kickapoo River watershed, creeks that had the lowest
percentages of agriculture in their subwatersheds had
better HSI ratings at most stations and overall when
compared to the other creeks in the watershed. This
relation was not found in the Trempeal eau or Chippewa
watersheds.

With regard to estimating sediment-reduction
goals, an instream value of 20-25 percent fine-grained
sediment on the stream bottom was generally optimum
for most stationsin our study and may be areasonable
instream goal to achieve. Pgjak (1992) used HSI models
to estimate sediment-reduction goalsin the Milwaukee
River watershed in Wisconsin. He found the models to
be useful screening tools to generally assess which
streams needed management action more then others
and which habitat characteristics, such asfine sediment,
weremost limiting for fish species of interest in selected
watersheds. Optimal values of fine-grained sediment
projected by the models may be difficult or impossible
to achieve in some watersheds. Projection of optimal
fine-grained sediment percentages to subwatershed sed-
iment-reduction goalsisdifficult without agreat deal of
assumptions, many of which may not bevalid. It may be
possible to develop a predictive relation between repre-
sentative streams during installation of best-manage-
ment practices (BMP's) in awatershed. It isnot yet
known how various BMP's quantitatively affect stream
sediment delivery or retention.

Although the HSI models can be used to predict
improvements in habitat suitability due to decreasesin
the percentage of fine-grained sediment on the stream
bottom, the models do not attempt to relate sediment
input or instream sediment transport to sediment that is
present on the stream bottom. Other techniques and
models exist that may be used to predict the effects of
certain land uses on erosion and delivery of sediment to
streams (for example, see Lisle and Hilton, 1991). Cer-
tain land uses such as logging, livestock grazing, and
tillage have been shown to result in increased fine-
grained sediment to the surface substrate of streams
(Erman and Mahoney, 1983; Kauffman and Krueger,
1984; Armour and others, 1991). It is not yet possible,
however, to make quantifiable determinations of how
much a given change in sediment load will affect
stream-channel morphol ogy, flow conditions, and sub-
strate (Lisleand Hilton, 1991) because awide variety of
factorsinfluence the movement of sediment in streams
(Beschta, 1987). There may be a poor relation between
sediment supplied to the stream by upland erosion and
sediment yield at the lower end of the basin (Trimble,
1981).

The USFWS HSI brown and brook trout models
are useful and objective tools for identifying limiting
variables and for assisting managers in prioritizing
streams for management actions. This might include a
determination of which streams should be nominated
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for priority watersheds. Although the time and cost
required to measure all the chemical and physical vari-
ablesincluded in the HSI models generally are prohibi-
tive for most synoptic surveys, use of estimates or
optimal values, as in this study, can allow for ageneral
rating of habitat quality. Used in this manner, the HSI
models could be valuable when time and funding con-
straints make it difficult, if not impossible, to make an
in-depth examination of alarge number of potentially
limiting variables of all streamsin a degraded water-
shed. Direct measurement and monitoring of fine-
grained sediment in streams is difficult due to costly
eguipment and labor required for installation and
retrieval. If astream or stream reachisidentified by HSI
mode as having sediment-related impacts, further study
might include actual measurement of fine-grained sedi-
ment deposition in anumber of poolsand rifflesalong a
reach and measurement of minimum and maximum
flows during the year to see how the HSI valueis
affected.

Some modifications to the models are recom-
mended in order to improve their utility for evaluating
the effects of fine-grained sediment on brook trout and
brown trout. Maximum values for percentage of sedi-
ment should be increased to 100 percent so that field
observations could be input directly. Size categoriesin
the models should be modified to reflect standard parti-
cle size categories (sand, silt, gravel, and so forth).
Incorporation of embeddedness ratings should be con-
sidered. Detailed information of thelife histories of the
trout species in the study region is also necessary for
correct input of data for seasonally affected variables.
Fish-habitat-evaluation guidelines by Simonson and
others (1994) include most brook trout HSI model
parameters and are an additional reference for collec-
tion of accurate habitat data in Wisconsin streams.
Finally, knowledge of habitat variability in awatershed
iscritical for selection of representative sampling sites
(Frissell, 1986).
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Appendix 1. Locations of samples reaches for the 11 study streams in the Kickapoo, Trempealeau, and Chippewa watersheds of Wisconsin

[m, meters)
Stream Name County Township Range 1/jescet<i:(:ir;n Reach Description
Middle Kickapoo River water shed
Brush Creek
1 Vernon 14N 2w 3NE Hwy. 131 bridge; upstream 305 m
2 Vernon 14N 2w ANW Hoff Valley Road; upstream 305 m
3 Monroe 15N 2W 31SwW Valley Road bridge; upstream 305 m
4 Monroe 15N 3W 355W 14th Drivefirst bridge; 92 m downstream, 213 m upstream
North Bear Creek
1 Vernon 13N 2w 32NE/29SE Hwy. 131 bridge; upstream 305 m (300 ft upstream of Kickapoo River)
2 Vernon 13N 2W 27SW Hwys. 82 and D; downstream 305 m
Otter Creek
1 Vernon 13N 2w 29Sw Hwy. 82 first bridge; downstream 305 m
2 Vernon 13N 2W 30NE Off Puder Road, 305 m
3 Vernon 13N 3w 24SW Hwy. 82 bridge; downstream 305 m
Warner Creek
1 Vernon 14N 2w 35NW Hwy. Pfirst bridge east of Hwy. 131; upstream 305 m
2 Vernon 14N 2w 36SW Hwy. P fourth bridge east of Hwy. 131; upstream 305 m
3 Vernon 14N 1w 33SE Hwy 33; upstream 305 m from driveway culvert
4 Vernon 14N 1w 27SE Fish Hollow Road; downstream 152.4 m from culvert
Middle Trempealeau River water shed
Lewis Valley Creek
1 Trempealeau 21N ow 155w Private property; upstream 305 m
2 Trempealeau 21N ow 6NW Molitor Road bridge; downstream 244 m; upstream 61 m
Newcomb Valley Creek
1 Trempealeau 21N 8w 32NW Hwys. 95 and N; downstream 152.4 m; upstream 152.4 m
2 Trempealeau 21N 8w 32NE Sorlie Road; private driveway; upstream 305 m
3 Trempealeau 21N 8w 33SW Sorlie Road bridge and Hwy. 95; upstream 305 m
4 Trempealeau 21N 8w 33SE Culvert on service drive; private property; downstream 305 m
Reynolds Coulee Creek
1 Trempealeau 21N w 16SE Hwy. 95 bridge; upstream 305 m through base of bridge
2 Trempealeau 21N w 29NE Hwy 53; upstream 305 m; private driveway bridge
3 Trempealeau 2IN W 29SE Hwy. | bridge; upstream 305 m
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Appendix 1. Locations of samples reaches for the 11 study streams in the Kickapoo, Trempealeau, and Chippewa watersheds of Wisconsin—Continued

[m, meters]
Stream Name County Township Range Sectio_n Reach Description
1/4 Section
Swinns Valley Creek
1 Buffalo 21N ow 26SE/35NW Off County Road C; upstream 305 m; private driveway
2 Buffalo 21N ow 11SE Hwy C and Kunkel Valley Road; upstream 305 m
3 Buffalo 21N ow 10SE Sobotta Valley Road bridge; upstream 305 m
Turton Coulee Creek
1 Trempealeau 2IN oW 32NE Masever Street behind school, 305 m
2 Trempealeau 20N ow 3NW Thompson Valley Road bridge, upstream 305 m
3 Trempealeau 20N aw 1INE/12NW Hwy. T bridge, upstream 305 m
4 Trempealeau 20N 8w TNW Burlington Road bridge, downstream 305 m
Chippewa River water shed
Como Creek
1 Chippewa 30N 9w 6SE Hwy. 53 bridge drain; access off Hwy. Q; upstream 305 m
Lowes Creek
2 Eau Claire 27N 9w 325w Hwy. F/East Lowes Creek Road bridge, downstream 305 m
3 Eau Claire 27N oW ANW South Lowes Creek Road bridge, downstream 305 m
4 Eau Claire 26N ow ANE Hwy. 94 bridge, upstream 305 m
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Appendix 2. Suitability index variables for the brook and brown trout Habitat Suitability Index models and sources of data

[%, percent; m, meter; mg/L, milligrams per liter; m?3/s, cubic meters per second; cm, centimeter; cm/s, centimeters per second; °C, degrees Celsius. The notation 1991-T indicates that cross-sectional
transects were used in the 1991 sampling. Kickapoo and Trempealeau watershed: WDNR, 1990; Chippewa watershed: USGS, 1991 (except WDNR data used for Lowes Creek data on nitrate-nitrogen,
maximum water temperature, and minimum dissolved oxygen).]

Variable

Data Source

T O o9 9 T QL O T Q9 T QWD

c oo o e
o T T T

ab

ab

ab

Cover of trees on streambanks (%)

Cover of shrubs on streambanks (%)

Cover of herbs on streambanks (%)

Cover instream for adults — late growing season/low-water (%)

Cover instream for juveniles — late growing season/low-water (%)

Cover instream for adults and juveniles — late growing season/low water (%)
Depth of stream — mean thalweg (m)

Dissolved oxygen — average minimum (mg/L)

Dissolved oxygen —minimum (mg/L)

Fine sediment <3 mm in spawning areas (%)

Fine sediment <3 mm in riffle-run areas (%)

Fine sediment <3 mm in spawning/riffle-run areas (%)

Flow — mean annual (m%/s)

Flow — minimum during the year (m3/s)

Flow — average annual base as percentage of average annual daily (%)
Flow — average annual peak as multiple of average daily

Nitrate-nitrogen — late-summer (mg/L)

pH — minimum during the year

pH — maximum during the year

Pool area as percentage of total reach area (%)

Pool classrating (1, 2, or 3)

Productive stream? (yes/no)

Shading of stream (%)

Stability of streambank (%)

Substrate size — average size of components that are 0.3-8 cm diameter (cm)
Substrate — dominant type in riffle-run areas

Substrate for spawning, 1-7 cm (%)

Substrate for spawning, 0.3—-1 cm and 7-10 cm (%)

Substrate for winter/escape cover, 10-40 cm (%)

Velocity — average over spawning areas (cm/s)

Water temperature — average maximum during warmest period of year (°C)
Water temperature — maximum during warmest period (°C)

Water temperature — average maximum during embryo development (°C)
Water temperature — maximum during embryo development (°C)

Water temperature — where dissolved oxygen measured (°C)

Water temperature — maximum during the year (°C)

Width of stream —mean (m)

Field measurements (1991-T)

Field measurements (1991-T)

Field measurements (1991-T)

Field measurements (1991-T)

Field measurements (1991-T)

Field measurements (1991-T)

Field measurements (1991-T)

1990: optimal value; 1991: field measurements
1990: optimal value; 1991: field measurements
Field measurements (1991-T)

Field measurements (1991-T)

Field measurements (1991-T)

Estimated from nearby USGS gaged streams
Single base flow discharge measurement
Estimated from nearby USGS gaged streams
Estimated from nearby USGS gaged streams
1990: optimal value; 1991: field measurements
1990: optimal value; 1991: field measurements
1990: optimal value; 1991: field measurements
Field measurements

Field measurements

Field measurements

Field measurements (1991-T)

Field measurements (1991-T)

Field measurements (1991-T)

Field measurements (1991-T)

Field measurements (1991-T)

Field measurements (1991-T)

Field measurements (1991-T)

Optimal value

Field measurements

Field measurements

Estimated from nearby USGS gaged streams for April through early May
Estimated from nearby USGS gaged streams for April through early May
1990: optimal value; 1991: field measurements
Field measurements

Field measurements (1991-T)

aBrook trout variable.

b Brown trout variable.
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