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Effects of Urbanization on the Geomorphology, Habitat,
Hydrology, and Fish Index of Biotic Integrity of Streams in
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Land-cover gradient and space-for-time ap-
proaches have been used to examine urbanization
effects on aquatic communities, habitat, geomorphic,
and hydrologic conditions (Booth and Reinelt 1993;
Dreher 1997; Wang et al. 2001). Various measures
have been used to represent urbanization, including
imperviousness (total and effective), amount of ur-
ban land, population density, and combinations of
urban indicators (Schueler 1994; Booth and Jackson
1997; McMahon and Cuffney 2001; Gergel et al.
2002). Past studies of streams showed that biotic
integrity degrades at relatively low levels of urbaniza-
tion (Booth and Reinelt 1993; Booth and Jackson
1997; Maxted and Shaver 1997; Wang et al. 2000,
2001). Near the Chicago area, fish index of biotic
integrity (IBI) scores tended to be low in watersheds
with greater than 10–20% urban land and about
100–200 people/km2 (Dreher 1997; Wang et al.
1997; Fitzpatrick et al. 2004). Urbanization in the
Chicago area is occurring on previously agricultural
land; thus, urbanized streams are potentially affected
by historical agricultural practices. The percent wa-
tershed agricultural land is a major factor affecting
fish, macroinvertebrate, and habitat integrity in pre-
viously forested watersheds (Richards et al. 1996;
Roth et al. 1996; Wang et al. 1997; Fitzpatrick et al.
2001; Stewart et al. 2001). However, some agricul-
tural streams near the Chicago area have high biotic
integrity (Dreher 1997; Wang et al. 1997; Fitzpatrick
et al. 2004). Agricultural streams with relatively steep
slopes and rocky substrates were more likely to have
good habitat quality and biotic integrity than streams
with relatively flat slopes and sandy substrates (Wang
et al. 1997). The steep, rocky streams also were less
likely to be channelized than flat, sandy streams.

In urban development, impervious surface area
(roads, sidewalks, driveways, parking areas, rooftops)
increases, which decreases infiltration and increases the
rate and volume of surface runoff. Pervious surfaces
are compacted by construction equipment and re-
moval of topsoil. Drainage networks are extended
through ditching and construction of storm sewers.
These factors result in changes in the frequency, dura-
tion, and size of floods (Hollis 1975; Booth 1990;
Booth and Jackson 1997; Konrad 2003). Flood peaks
in northeastern Illinois potentially have increased three-
fold due to urbanization (Allen and Bejcek 1979),
and relative increases may be greater for small, fre-
quent floods than for large, infrequent floods (Krug
and Goddard 1986; Konrad 2003). Decreases in in-
filtration may result in decreases in the water table and
ultimately decreases in base flow (Finkenbine et al.

2000). However, these offsets may be compensated
for by contributions from point sources (LaTour
1993). In the Chicago area, point-source discharges
may originate from outside the watershed (beyond
both surface- or groundwater contributing areas) be-
cause the major source for c
0o990;
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FIGURE 1.  Location of study area, land-cover characteristics, and stream sites sampled in the Chicago, Illinois metropolitan
area.
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for Illinois streams. Average monthly discharges for
2000 were obtained for each watershed (Charles
Avery, U.S. Geological Survey, personal communica-
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full stage along each reach and included the top of
coarse deposits associated with point bars (minimum
elevation); occurrence of a sharp break in slope of the
bank above the low-flow water surface where slope
changes from vertical to more horizontal; changes in
vegetation, such as a change from herbaceous to tree
species; and for undercut banks, the top of the under-
cut (minimum bank-full elevation) (Harrelson et al.
1994; Fitzpatrick et al. 1998).

Channel roughness was estimated in the field
using Coon’s (1998) adaptation of Cowan’s (1956)
method. Comparison with photos in Hicks and Ma-
son (1998), Coon (1998), Arcement and Schneider
(1987), and Barnes (1967) provided additional guid-
ance.

The U.S. Army Corps of Engineers’ HEC-RAS
(v. 3.0) computer program (Brunner 2001) was used
to estimate average bank-full channel area, width,
depth, velocity, shear stress, and unit-channel-area
stream power. Inputs to the HEC-RAS model include
channel geometry, roughness, and reach water-surface
slope. Bank-full area was normalized by drainage area
prior to analysis because of its dependence on water-
shed size.

Stream competence describes the maximum par-
ticle size (D) that a stream is capable of transporting
under a given flow and was calculated by the formula
D = D

t i c l e  s i z e m m w 
 ( �  t r -  i n ) T j 
 T * 
 0 . 0 0 6 1  T c 
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TABLE 2.  Selected urban indicators and landscape characteristics used to determine urbanization effects on the geomorphic,
habitat, and hydrologic characteristics and fish index of biotic integrity of 45 Chicago area streams.

Abbrev- Med- Mini- Maxi-
Type of variable iation ian mum mum Correlated variables

Urban indicators
Watershed urban land (%) URBANLU 19 0 92 Watershed industrial lands;

(square-root transformed) population density,
impervious area, road
density

Population density change, POPDENP 158 –117 1,266 Population density change by
1980–2000 (%) area

Mean upstream distance of URBANDIS 10.2 2.4 25.3 Road area, road length
urban land (km)

Landscape characteristics
Drainage area (km2) (log-10 DRAIN 81.2 20.1 326.1 Stream order, cumulative

transformed) stream length
Watershed clayey surficial WATCLAY 71 0 100 Soil permeability

deposits (%)
Drainage density (km/km2) DRAINDEN 1.34 1.08 1.44 None
Watershed slope (%) WATSLOP2 1.31 0.20 3.36 None
Transport index *1,000 (km–1) TRANSIN 4.77 1.23 10.05 Relief ratio

(log-10 transformed)
Sinuosity (ratio) SINUOS 1.3 1.1 2.0 None
Coarse deposits within 60-m BUFCOARS 2 0 96 Coarse deposits in watershed

stream network buffer (%)
(log-10 transformed)

Forest and wetland within BUFFOWE 19 2 49 None
60-m stream network buffer
(%)

Disturbed land cover in 30-m RIPLU 5 0 100 None
buffer (%) (log-10 trans.)

Average open canopy angle (°) CANOPY 48 2 145 None

Geomorphic characteristics
Reach slope, low-flow water SLOPELO 0.20 0.01 0.79 Segment and bank-full slope,

surface (%) (square-root velocity, power, stress,
transformed) bank-full flow/drainage

area, competence
Bank-full channel area/drainage BFAREADA 0.11 0.030 0.43 Channel area, bank-full flow

area (m2/km2) (square-
root transformed)

Stream power (N/(m s)) POWER 12 0.097 149 None
Erosivity potential at bank-full

flow (ratio) (inverse square-
root transformed) EROSBF 1.5 0.4 88.7 None

Habitat characteristics
Fine substrate (%) (log-10 FINES 27 3 100 Amount and type of

transformed) geomorphic units, substrate
texture, embeddedness, silt
depth, roughness,
Wisconsin habitat index

Average bank-full channel BWDRAT 11 2 31 Shape index, bank-full surface
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teristics with nonnormal distributions were trans-
formed prior to the RDA (Table 2). A subset of 11
urban indicators and landscape characteristics; 10
geomorphic, habitat, and hydrologic characteristics;
and the revised fish IBI were selected for the RDA
based on correlation analysis and the need recog-
nized in the literature for more information about
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area. This suggests that small streams with high flow
variability tended to have low base flow.

Fish IBI scores plotted opposite watershed urban
land and clayey surficial deposits, indicating that IBI
scores for clayey streams were negatively influenced
by the amount of urbanization. Unit-area bank-full
channel area plotted directly opposite fish IBI scores as
well, indicating that channel enlargement may be the
best reflection of physical disturbance to fish habitat
associated with urbanization in clayey streams.

Longitudinal Profiles, Local Geologic Setting,
and Stream Network Position

Longitudinal profiles and local geologic setting for six
tributaries to the Fox River illustrate the complexity of
how glacial landforms may influence geomorphic,
habitat, hydrologic, and fish characteristics (Figures 2
and 9; Table 6). The six streams are located near each
other (within about a 50-km radius) and represent
three pairs of streams with similar percentages of wa-
tershed urban land (3%, 16–17%, and 31–38%). In
general, reaches with steep slopes on the longitudinal
profile are prone to incision, whereas reaches with flat
slopes are prone to deposition. Reaches in a transition
from steep to flat slopes may be erosional or deposi-
tional depending on upstream inputs of water and
sediment. For Chicago area streams, transitions in slope
and shape of longitudinal profiles mainly are caused
by spatial distribution of glacial landforms such as end

moraines, outwash plains, lake plains, melt-water val-
leys, or bedrock outcrops.

Some of the variability in geomorphic and habi-
tat characteristics can be explained by location of
sampled reach in relation to local glacial and fluvial
landforms (Figure 9). Boone and Tyler Creeks are ru-
ral streams with similar reach slopes (Table 6). How-
ever, the Boone Creek Reach (site 34) is flat and located
in a sandy outwash plain, and the Tyler Creek Reach
(site 36) is located in a transition zone in slope where
the stream is flowing through end moraine and esker
deposits. Boone Creek has finer substrate (sand in-
cluded) and fewer riffles than Tyler Creek, even though
overall it has less watershed clay than Tyler Creek. The
eskers near Tyler Creek contribute sand and gravel
that, along with the locally steep slope, promote de-
velopment of riffles.

Mill (site 39) and Ferson Creek (site 38) are both
rural/urbanizing streams with large changes in popu-
lation density. Both have similar drainage areas, longi-
tudinal profiles, and local glacial landforms but
different reach slopes, bank-full areas, stream power,
unit-area bank-full flows, and revised fish IBI scores.
The Mill Creek Reach is downstream from a dam and
is on the steep slope of the Fox River valley side, which
consists of limestone bedrock. This local setting results
in a steeper reach slope, higher power, and larger bank-
full area for Mill Creek compared to Ferson Creek.
The high scour potential at Mill Creek may be affect-
ing the IBI scores. Ferson Creek’s IBI scores may be
elevated because of channel restoration and habitat
improvements in recent years.

Flint and Poplar creeks both are clayey tributaries
to the Fox River with similar drainage areas (Table 6).
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