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Abstract
Macroinvertebrate samples were collected at 15 stream 

sites representing 11 different watersheds in Johnson County, 
Kansas, in 2003 and 2004 to assess biological conditions in 
streams and relations to environmental variables. Published 
data from an additional seven stream sites, one in Johnson 
County, Kansas, and six others in adjacent Cass and Jackson 
Counties in Missouri also were evaluated. Multimetric scores, 
which integrated a combination of measures that describe vari-
ous aspects of biological community abundance and diversity, 
were used to evaluate and compare the biological health of 
streams.  In addition, for 15 of 16 Johnson County stream 
sites, environmental data (streamflow, precipitation, and land 
use) and water- and sediment-quality data (primarily nutri-
ents, indicator bacteria, and organic wastewater compounds) 
were used in statistical analyses to evaluate relations between 
macroinvertebrate metrics and variables that may affect them.  
The information is useful for defining current conditions, 
evaluating conditions relative to State aquatic-life support and 
total maximum daily load requirements, evaluating effects of 
urbanization, developing effective water-quality management 
plans, and documenting changes in biological condition and 
water quality.

Biological conditions in selected Johnson County streams 
generally reflected a gradient in the degree of human distur-
bances upstream from the sites, including percentage of urban 
and agricultural land use as well as the presence, absence, 
and proximity of wastewater treatment discharges.  In this 
report, the term gradient is used to describe a continuum in the 
conditions (biological, environmental, or land use) observed at 
the study sites.  Upstream Blue River sites, downstream from 
primarily agricultural land use, consistently scored among 
the sites least impacted by human disturbance, and in some 
metrics these sites scored higher than the State reference 
site (Captain Creek). The term impact, as used in this report, 
refers to a negative biological response at a site associated 

with one or more human-induced sources of disturbance or 
stress.  However, no sites, including the Captain Creek refer-
ence site, met Kansas Department of Health and Environment 
criteria for full support of aquatic life during the 2 years of 
sample collection. Upstream sites on Kill and Cedar Creeks 
also consistently scored among the least impacted.  Sites less 
than 3 miles downstream from municipal wastewater treatment 
facility discharges (two Indian Creek sites) and sites with no 
wastewater discharge but with substantial impervious surface 
area within their respective watersheds (Tomahawk, Turkey, 
and Brush Creeks) consistently scored among the sites most 
impacted by human disturbance.  

Introduction
Johnson County, with a population of 496,700 people 

in 2004 (U.S. Census Bureau, 2005), is the fastest growing 
and most populous county in Kansas. Urban development 
affects streams by altering stream hydrology, geomorphol-
ogy, water chemistry, fish and macroinvertebrate communities 
(Paul and Meyer, 2001) and increases public health concerns 
associated with exposure to and consumption of contaminated 
water (U.S. Environmental Protection Agency, 1999). The 
water quality of Johnson County streams is affected by point 
sources, including municipal wastewater and industrial dis-
charges, and by nonpoint sources, including stormwater runoff 
from urban and agricultural watersheds.

Water-quality management is governed by several regula-
tory programs administered by the U.S. Environmental Protec-
tion Agency (USEPA) and State environmental agencies. The 
basic structure for regulating water quality was established by 
the Clean Water Act (CWA) of 1972, which states that “the 
objective of this Act is to restore and maintain the chemi-
cal, physical, and biological integrity of the Nation’s waters” 
[Public Law 92-500, Clean Water Act, Section 101(a)]. Sec-
tion 208 of the CWA requires every State to establish effective 
best management practices (BMPs) to control nonpoint-source 
pollution. The Water Quality Act (WQA), which added sec-
tion 402 to the CWA in 1987, requires control of stormwater 
through the National Pollutant Discharge Elimination System 
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(NPDES) permit program. Johnson County municipalities are 
subject to requirements of the CWA and the NPDES program. 
In addition, section 303(d) of the CWA requires States to list 
water bodies that do not meet water-quality standards and to 
develop total maximum daily loads (TMDLs) that quantify 
the maximum pollutant loads allowed to attain established 
standards. Five major watersheds in Johnson County (Blue 
River, Cedar Creek, Indian Creek, Kill Creek, and Mill Creek) 
have stream segments that have been included on the 303(d) 
list or have had TMDLs developed by the Kansas Department 
of Health and Environment (KDHE) as a result of impaired 
water quality (Kansas Department of Health and Environment, 
2004).  Most stream impairments are related to excessive 
nutrients, bacteria, and sediment.  One of several new TMDLs 
submitted to USEPA for approval early in 2006 was developed 
to address biological impairments in the Mill Creek watershed.  
It is the first TMDL in Kansas that considers biological end-
points to indicate full support of aquatic life (Kansas Depart-
ment of Health and Environment, 2006a).

In 2002, the U.S. Geological Survey (USGS), in coop-
eration with the Johnson County Stormwater Management 
Program, began an investigation to characterize the water 
quality of Johnson County streams and to provide informa-
tion for use by municipalities in developing effective water-
quality management plans. Initial study efforts described the 
effects of nonpoint and selected point contaminant sources 
on stream-water quality and their relation to land use (Lee 
and others, 2005). Subsequent phases of the investigation 
were designed to characterize biological conditions of county 
streams and to estimate water-quality constituent loads for dif-
ferent watersheds. 

Biological assessments are crucial components of water-
quality programs because they determine how well a water 
body supports aquatic life (U.S. Environmental Protection 
Agency, 2002). Aquatic life integrates the cumulative effects 
of various stressors over time, including variable streamflow, 
nutrients, potentially toxic chemicals, and excessive sediment 
and, therefore, provides information that measurements of 
water chemistry alone may not detect (U.S. Environmental 
Protection Agency, 2002). Biological assessments involve 
the systematic examination of aquatic communities including 
vegetation, algae, zooplankton, fish, amphibians, and aquatic 
macroinvertebrates. These components are used separately 
or together along with other indicators such as water chem-
istry to provide a thorough evaluation of biological integrity 
and stream health. Biological integrity is the capability of 
supporting and maintaining a balanced, integrated, adaptive 
community of organisms having a composition, diversity, and 
functional organization comparable to that of the natural habi-
tats of the region (Frey, 1977; U.S. Environmental Protection 
Agency, 1990). In addition, biological information can be used 
by States to develop biological criteria and establish aquatic-
life goals for particular water bodies.  Macroinvertebrate com-
munities were evaluated for this biological assessment because 
they are reliable indicators of biological conditions in streams, 

data exist for comparison, and the State of Kansas was devel-
oping TMDLs using macroinvertebrate endpoints.

As urban development in Johnson County increases 
in the future, water quality will change at a rate that will be 
dictated by the degree of protection from water pollution 
or habitat loss, and urban planning efforts.  Further, water 
resources generally are not fully judged on their ability to 
support healthy communities but often on evaluation criteria 
dictated by management objectives (intended resource use, for 
example).  Management objectives designed to protect water 
quality may include land acquisition and set asides, protection 
of stream riparian corridors, bank stabilization techniques, and 
strategies related to the consolidation and proper discharge of 
wastewater.  

Purpose and Scope

The purpose of this report is to describe relative biologi-
cal conditions of 15 stream sites in Johnson County, Kan-
sas, in 2003 and 2004 using macroinvertebrate community 
indicators and their relation to environmental variables such 
as land use and water and sediment quality. The report also 
includes a comparison to previously published data from seven 
downstream sites in Johnson County and in adjacent Cass and 
Jackson Counties in Missouri (Wilkison and others, 2005). 
The results in this report can be used by Johnson County 
officials to develop water-quality management strategies and 
to establish baseline information for comparing future condi-
tions and changes at individual sites and within the watersheds 
being studied.

Relative biological conditions in Johnson County streams 
representing 11 watersheds were evaluated by: (1) examining 
community composition and relative abundance of resident 
aquatic macroinvertebrate communities, (2) scoring, ranking, 
and grouping the sites using combinations of macroinver-
tebrate metrics, (3) describing statistical relations between 
macroinvertebrate results and environmental variables (land 
use and water and sediment quality) that can be used to define 
a gradient in human-induced adverse effects, (4) assigning 
stream sites to impairment categories on the basis of ability 
to support aquatic life as defined by the biological indicators 
outlined by KDHE (Kansas Department of Health and Envi-
ronment, 2006b), (5) evaluating the effects of urbanization on 
macroinvertebrate communities,  (6) identifying the least-
impacted sites remaining in the area that might be possible 
candidates for additional protection or for defining reference 
conditions in particular watersheds, (7) comparing data from 
Johnson County sites to published data from selected down-
stream sites in Missouri, and (8) providing an initial evaluation 
of the suitability of additional macroinvertebrate metrics that 
have potential for bioassessments in urban streams. In this 
report the term “gradient” is used to describe a continuum 
in the conditions (biological, environmental, or land use) 
observed at the study sites, and the term “impact” refers to a 
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negative biological response at a site associated with one or 
more human-induced sources of disturbance or stress.
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Previous Investigations

Macroinvertebrate communities have been investigated 
at several stream sites in Johnson County as part of various 
studies conducted by the county and the statewide biological 
monitoring program. However, no comprehensive reports on 
the subject have been published for Johnson County streams.

The most recent water-quality assessment of Johnson 
County streams was published by Lee and others (2005) and 
described the effects of contaminant sources on stream-water 
quality and their relation to varying land use. According 
to the report, during base-flow conditions, discharge from 
wastewater treatment facilities (WWTFs) comprised greater 
than 50 percent of streamflow at the farthest downstream 
sampling site in six of the seven watersheds studied. Nutrient, 
organic wastewater-indicator compound, and pharmaceuti-
cal compound concentrations generally were highest at sites 
at, or immediately downstream from, WWTFs during base 
flow. Stormflow samples had the highest suspended-sediment 
concentrations and indicator bacteria densities. Other than in 
samples from sites immediately downstream from wastewater 
treatment discharges, stormflow samples generally had the 
highest nutrient concentrations.  

In addition to Lee and others (2005), USGS has exam-
ined components of urban stormwater runoff and point-source 
effluents within the Blue River and Indian Creek watersheds, 
located in the southern part of the Kansas City metropolitan 
area shared by Missouri and Kansas.  In 2002, a macroin-
vertebrate bioassessment was added to these investigations 
(Wilkison and others, 2005, 2006). However, most of this 
work concentrated on hydrological modeling of nutrient 
loads, identification of tracer compounds and loads in streams 
and municipal effluents, water-quality monitoring, bacte-
riological source tracking, effluent discharge modeling, and 
determination of the loads of various contaminants in these 
receiving streams (Blevins, 1986; Wilkison and others, 2002, 
2005, 2006).

The physical and hydrological effects of urbanization 
on stream systems have been well documented; however, the 
biological communities in urbanized watersheds have not been 
adequately studied in many of the larger metropolitan areas of 
the Midwest.  Only a small percentage of studies that evalu-
ate macroinvertebrate communities have been conducted in 
urban stream systems.  Specifically, the responses of particular 
community-level attributes (in other words, metrics such as 
those related to functional feeding groups or specific indicator 
groups with known or suspected tolerances to different levels 
of water pollution) to combinations of urban runoff, municipal 
effluents, industrial discharges, and habitat destruction are 
poorly known.  Existing literature suggests that the general 
response of macroinvertebrate communities to increased urban 
development includes diminished biological integrity result-
ing from a reduction in total species numbers and diversity 
and increased dominance of more pollution-tolerant species 
(U.S. Environmental Protection Agency, 1999). Examples of 
pollution-sensitive and pollution-tolerant organisms are shown 
in figure 1.

Description of Study Area

The study area includes Johnson County, Kansas, which 
is located in the western part of the Kansas City metropolitan 
area (fig. 2) and consists of 477 mi2 of surface area (U.S. 
Census Bureau, 2005). The county contains all or parts of 
22 HUC–14 (Seaber and others, 1987) watersheds, the largest 
11 of which are within the 15-site sampling network (fig. 2, 
table 1). Published data from an additional seven stream sites, 
one in Johnson County, Kansas, on Indian Creek and six oth-
ers in adjacent Cass and Jackson Counties in Missouri (Wilki-
son and others, 2005), also were evaluated. Designated uses 
for streams within these counties include support of aquatic 
life, contact recreation, drinking-water supply, food procure-
ment, ground-water recharge, irrigation, industrial use, and 
livestock watering. Fifteen municipal and five private waste-
water treatment facilities are located within Johnson County 
watersheds.

The mean annual temperature for Johnson County, Kan-
sas, is about 55 °F, with a mean monthly range from 28 °F in 
January to 78 °F in July (National Oceanic and Atmospheric 
Administration, 1966–98). Mean annual precipitation (1961–
90) is about 40 in., with 68 percent of the rain occurring from 
April through September (National Oceanic and Atmospheric 
Administration, 1966–98).

Population increases in Johnson County have resulted 
in increased urban and suburban land uses. Since 1990, land 
parcels dedicated to residential and commercial land use in 
Johnson County have increased more than 45 percent (K. 
Skridulis, Johnson County Appraiser’s Office, written com-
mun., 2004). Figure 3 shows urban (commercial, industrial, 
parks, and residential) and nonurban land use for Johnson 
County in 2003. The northeastern part of the county including 
the Brush Creek, Dykes Branch, Indian Creek, Rock Creek, 
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Tomahawk Creek, and Turkey Creek watersheds contain the 
most urban development with more than 75 percent of the 
watersheds devoted to residential, commercial, industrial, 
and right-of-way land uses. More than 18 percent of these 
watersheds are covered by impervious surfaces. The Blue 
River and Mill Creek watersheds are experiencing the most 
recent development (Mid-America Regional Council, 2002).  
Figure 4 shows agricultural (commercial, cropland, grassland, 
canopy cover, and nonusable) and nonagricultural land use for 
2003. Watersheds shown in figures 3 and 4 represent major 

watersheds recognized by Johnson County officials and in 
some cases include multiple HUC–14 watersheds.

Recreational development planning has been in prog-
ress in Johnson County since the 1950s when a parks and 
recreation district was created to provide funding for land 
acquisition and comprehensive planning began for recreational 
opportunities such as multi-use centers, impoundments, and 
streamway parks.  In 1986, the district began implementation 
of the streamway park system, where lands adjacent to streams 
were acquired and developed into facilities connected with a 

(A)  The organisms shown below generally are pollution tolerant so they can live in streams 
with large amounts of contaminants. The presence of these organisms in large numbers is 
usually an indication of poor water quality.

(B)  The organisms shown below generally are moderately tolerant so they can live in 
streams with small  amounts of contaminants. The presence of these organisms is usually an 
indication of moderate water quality.

(C)  The organisms shown below are sensitive to small amounts of contaminants. The 
presence of these organisms in large numbers is usually an indication of good water quality.

Midges (Chironomidae) Leech (Hirudinea) Worm (Oligochaeta)

Dragonfly (Odonata) Freshwater mussel (Mollusca) Cranefly (Tipulidae)

Mayfly (Ephemeroptera) Stoneflies (Plecoptera) Caddisfly (Trichoptera)

Figure 1.  Examples of aquatic macroinvertebrates and their association with general water-quality conditions. 
Photographs from http://www.epa.gov/bioindicators/html/photos_invertebrates.html
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Figure 2.  Location of biological sampling sites in Johnson County, Kansas, and Cass and Jackson Counties, Missouri, 2003 and 2004. Watershed 
boundaries are from the National Hydrography Dataset, digital data 1:100,000, 1999.
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network of accessible trails that followed the stream riparian 
corridors (Johnson County, 2003).  Streamway parks exist 
along several of the streams sampled in this study including 
Cedar, Indian, Kill, Mill, and Turkey Creeks.  More stream-
way parks are planned for the future, and in many parts of 
Johnson County, these lands are being acquired and improved 
into parks before urban development has occurred.  Many of 
the sites included in this study are located within the stream-
way park system, and several Missouri sites are also located 
adjacent to park lands. Other locations within Johnson County 
have been selected for planned residential development and 
the construction of impoundments to enhance recreational 
opportunities.

Methods 
The general approach used in this study was to collect 

macroinvertebrate samples during early spring of two con-
secutive years (2003 and 2004). Data then were evaluated by 
calculating various macroinvertebrate metrics and comparing 
results to previously published macroinvertebrate data for sites 
primarily in downstream locations in Missouri (Wilkison and 
others, 2005). Data also were compared to previously pub-
lished water and sediment data for Johnson County (Lee and 
others, 2005).

Macroinvertebrate samples were collected using KDHE 
protocol outlined in the Quality Assurance Management 
Plan for the Stream Biological Monitoring Program imple-
mented by the State of Kansas (Kansas Department of Health 
and Environment, 2000).  This protocol was used because it 
provided an opportunity to place stream sites into aquatic-life 
impairment categories defined by the State of Kansas and to 
reduce sample cost as compared to protocols that normally 
include more extensive laboratory sorting.  A brief summary 
of the procedure follows.  

Onsite water-quality properties were measured concur-
rently with macroinvertebrate collection.  However, sampling 
for other constituents at these sites, including streamflow and 
water and streambed sediment, was performed at various times 
between October 2002 and March 2003.  A flowchart depict-
ing the sequence of approaches and procedures that were 
applied to the data is provided in figure 5 and summarized in 
the following sections.  For the purposes of this study, urban 
sites are those sites with drainage areas containing more than 
32 percent urban land use and more than 10 percent impervi-
ous surface area. 

Site Selection

Fifteen sampling sites (fig. 2) in Johnson County were 
selected on the basis of availability of previously collected 
data (by USGS, KDHE or Johnson County), concurrent stud-
ies related to monitoring of streamflow, water quality, con-
taminant loading in sediment, and both chemical and  

biological (bacteriological) components of stormwater runoff 
(Lee and others, 2005).  An additional seven sites, all of which 
are located downstream in Cass and Jackson Counties in 
Missouri except one (site IN1b, Indian Creek at Highway 69 
in Johnson County), also were sampled as part of a separate 
study with similar objectives being conducted in conjunction 
with the city of Kansas City, Missouri (Wilkison and others, 
2005, 2006).  The study sites also included two streams (Cap-
tain Creek in Kansas and South Fork Grand River in Missouri, 
sites CA1 and G19, respectively) that both States consider as 
suitable reference sites.  

Although the focus of this study was on sites in Johnson 
County, Kansas, data from the seven sites associated with the 
Missouri study were evaluated in some parts of this report 
because their inclusion enabled a watershed-based evaluation 
with a continuum in the amount of adverse effects related to 
nutrient loading and urban point and nonpoint-source runoff 
within selected watersheds in the southern part of the Kansas 
City metropolitan area (fig. 2, table 1). Also, both Kansas 
and Missouri sites are included together in some parts of this 
report because the same sampling protocol was used concur-
rently at all of the sites in both years, and many of the assess-
ment results can be strengthened by the inclusion of more than 
one reference stream site and a larger total number of sites.  
Further, the political boundary that exists was not expected to 
have a direct effect on the results.  

Macroinvertebrate Community Indicators

Sample Collection
Macroinvertebrate community samples were collected 

at the 15 Kansas study sites and the 7 Missouri study sites 
(Wilkison and others, 2005) during base-flow conditions on 
March 4–13, 2003, and February 24–March 3, 2004.  Sam-
pling was conducted in late February and early March to 
obtain samples representative of benthic communities and to 
precede pulses of early spring runoff that may have disrupted 
benthic populations.  In addition, macroinvertebrate samples 
collected from small streams in late winter and early spring 
seasons often have greater diversity compared to samples col-
lected in other seasons (Feminella, 1996) because emergence 
periods of many stream insect species coincide with spring 
and early summer periods.  

To provide maximum consistency in sampling macro-
invertebrates using KDHE protocol at all of the stream sites, 
additional guidance and equipment was provided to the field 
personnel.  KDHE protocol includes two independently col-
lected 100-organism samples that are counted in the field by 
two scientists (Kansas Department of Health and Environ-
ment, 2000).  In this study, the two samples were combined 
into one 200-organism sample after laboratory enumeration 
and identification were completed.  To minimize bias in the 
sampling and field-sorting process, a checklist of the major 
stream habitats (pools, riffles, runs) was completed at each site 
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to assure thorough sample coverage.  In addition, a large white 
sorting tray (31 in. x 25 in. x 2.75 in.) elevated on a portable 
stand at streamside was used to spread out debris during 
sorting and enhanced the visibility of the organisms.  These 
changes did not represent a major deviation from KDHE pro-
tocol but rather provided more detail in an attempt to improve 
consistency among samples and between sample collections.  

Macroinvertebrate samples were collected with a stan-
dard 9- x 18-in. rectangular frame kicknet with a mesh size of 
approximately 500 µm following physical disturbance of the 
substrate upstream from the net.  In standing-water habitats, 
the net was used with a sweeping or scooping motion.  A 
small amount of water was placed in the sorting tray along 
with the sample debris to enhance the visibility of the organ-
isms.  A hand counter was used to count the organisms as 
they were removed from the tray with forceps.  Each site was 
sampled with two scientists sorting simultaneously using their 
own set of equipment for no more than approximately 1 hour.  
If 100 organisms were not obtained in the allotted time period, 
sampling ended.  Not more than 50 percent of the organisms 
sorted came from any one of the habitats available.  Every 
attempt was made to assure that the maximum diversity of 
organisms was obtained during sorting and that each sample 
represented relatively uniform coverage of the habitats present.  
Removal of organisms followed the morphospecies principle, 
meaning that any organism visually appearing different than 
those previously sorted was included in the sample.  Every 
attempt was made to consider organism size, making certain 
that both large and small animals were included. 

All of the stream habitats encountered were not always 
present at every site, but those habitats or substrate types that 
were included to obtain the 100 organisms were noted on the 
field sheet.  The habitats generally were located in both fast-
flowing areas as well as slack water.  These habitats included 
coarse gravel and cobble in riffles, fine gravel and sand/silt 
substrates near the margins or in runs, leaf packs or organic 
matter accumulations, vegetation and undercut banks along 
margins or around snags, and large moveable objects such 
as logs or rocks where handpicking may reveal additional 
taxa.  After sampling any one habitat, if there were no taxa 
that appeared different, or if no organisms from that habitat 
were included in the sample container, this was noted on the 
field sheet.  The two, 100-organism samples were preserved 
in 80-percent ethanol onsite in 125-mL polyethylene bottles.  
The sample bottles were labeled with site name, date, and 
collector’s initials.  Samples were topped off with preserva-
tive and sealed with tape before sending them to the USGS 
National Water Quality Laboratory in Lakewood, Colorado, 
for identification and enumeration.

Identification and Enumeration
Identification and enumeration of the organisms and the 

taxonomic references used for each of the organism groups 
are outlined in Moulton and others (2000) and represent 
the same procedure utilized by the USGS National Water-

Quality Assessment (NAWQA) Program for obtaining biologi-
cal data from stream samples.  This included examination of 
most specimens under a dissecting microscope and mounting 
of midge specimens (Diptera: Chironomidae) on glass slides 
for identification under a compound microscope.  In general, 
identification was to the lowest practical taxonomic level (usu-
ally genus or species).  

In several cases, the raw data included certain groups of 
organisms that represent taxonomic complexes where individ-
ual genera or species could not be readily distinguished from 
one another.  In part, this dilemma can be caused by damage 
to organisms and loss of key structures, or slide mounts that 
did not clearly show diagnostic characters.  Because these 
problems have varying effects among samples, a few of these 
taxa had to be lumped before mathematical calculations and 
analyses were performed.  In a few cases, some terrestrial 
(non-aquatic) organisms or life stages were included in the 
samples, and these organisms were omitted.  The data initially 
were recorded in a spreadsheet.

Calculation of Metrics
Benthic macroinvertebrate metrics were determined 

from the data using appropriate mathematical or statistical 
equations.  A total of 22 different metrics were calculated, a 
complete list of which is given in table 2.  All metrics were 
calculated for each sampling year separately and were deter-
mined from categories outlined by Barbour and others (1992, 
1995).  These included: (1) metrics that provided a visual 
response pattern across the sites (distinct increase or decrease 
throughout the range of observed site conditions on the basis 
of known or expected sources of disturbance or stress such as 
urbanization, land use, or point-source discharges), (2) core 
metrics used in many State evaluation programs, and (3) met-
rics known to be sensitive and reliable for measuring degrada-
tion of stream assemblages on the basis of available literature. 
Unless otherwise indicated, individual metrics were calculated 
as described in the references listed in table 2.  

An independence test was performed on the relative per-
centage difference (RPD) of individual metric values between 
2003 and 2004 data.  The Mann-Whitney nonparametric test 
for independence (using a probability of error, or p-value, of 
0.05; Helsel and Hirsch, 1992) was used to identify any signif-
icant differences between sampling years, between sampling 
sites, and between rural and urban sampling sites. 

Selection of Metrics for Site Evaluation
Biological conditions were determined for the sam-

pling sites by calculating different combinations of indicator 
metrics, which resulted in an overall multimetric site score 
that was used for evaluating site quality (Karr, 1993; Fore and 
others, 1994).  The site scores were generated by different 
approaches or rating methods and used as a guide to evaluate 
the relative conditions or degree of biological impacts at the 
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sites. In this study, metric combinations were used to represent 
a measure of stream condition on the basis of resident biota 
and to provide a continuum of biological response to overall 
human-induced disturbances among the study sites as out-
lined by the Biological Condition Gradient conceptual model 
(Davies and Jackson, 2006).  The continuum of biological 
response as indicated by these metric combinations also pro-
vided a basis for grouping or categorizing sites for statistical 
analysis and further screening of metrics for site scoring.  In 
addition, integrating individual metrics into multimetric com-
binations minimized the bias that might occur when relying on 
only one or two metrics for evaluation.  

The choice of metrics to be utilized in each multimetric 
combination and the number of metrics included in these com-
binations were determined by three methods: (1) four metrics 
pre-selected by the State of Kansas (KDHE metrics) to evalu-
ate the stream’s ability to support aquatic life defined by the 
State 305(b) water-quality assessment (Kansas Department of 
Health and Environment, 2006b), (2) examination of the visual 
response patterns among the sampling sites, and (3) the results 
of statistical analysis.  Each of these choices were based on the 
underlying assumption that macroinvertebrate metrics, both 
taken individually or integrated together as a multimetric index 
or score, provided an acceptable measurement of the relative 
biological conditions at the sampling sites.  

The State of Kansas uses four or sometimes five macro-
invertebrate metrics for determining the ability of a stream site 
to support aquatic life and for placement of sites into impair-
ment categories (Kansas Department of Health and Environ-
ment, 2006b).  These metrics include the Macroinvertebrate 
Biotic Index (MBI), the Kansas Biotic Index (KBI–NO), 
EPT (Ephemeroptera-Plecoptera-Trichoptera) taxa richness 
(EPTRich), EPT abundance (%EPT), and if adequate data are 
available, mussel community loss. The latter metric is used 
only if the site is known to support at least five mussel species. 
The percentage of mussel loss was not evaluated in this study 
because several watersheds were too small in size to contain at 
least five mussel species. Therefore, the remaining four met-
rics, all of which are core metrics in many State bioassessment 
programs, were used in this multimetric combination method.

Metrics also were selected on the basis of response pat-
terns throughout the range in known site conditions. Ideally, 
metrics are screened and selected on the basis of quantitative 
measures that evaluate their ability to discriminate between 
reference and impacted sites (Barbour and others, 1992).  
However, these quantitative metric-selection methods use coef-
ficient of variation, sensitivity analysis, and calibration tech-
niques that require within-site replication and multiseasonal 
and multiyear macroinvertebrate data from throughout a geo-
graphic region or watershed (Kerans and Karr, 1994).  Because 
these data were not available for statistically screening metrics 
and testing the ability of individual metrics to discriminate 
between Johnson County stream sites, a more qualitative 
approach was used.  Metrics were selected that demonstrated 
a distinct response that was based on metric expectations, as 
described by Simon and Lyons (1995), throughout the range in 

known site conditions (higher values for metrics that increase 
as adverse effects increase, or lower values for metrics that 
decrease as adverse effects increase) and considering basic 
knowledge on sources of stream degradation such as presence 
of municipal or industrial discharges and whether sites were 
located in primarily rural or urban landscapes. This approach 
to metric selection was qualitative only and was not designed 
to evaluate actual metric performance but rather to provide 
an initial filter for reducing the number of overall metrics 
included in further evaluation methods.

To improve isolation of the best indicator metrics to be 
included in the multimetric scores, stepwise regression analy-
sis (Draper and Smith, 1998) was applied to the metric data 
to rate indicator performance and to determine which metrics 
had the highest level of agreement with preselected groups 
or classes of sites (described in section on “Site Groupings”).  
The stepwise procedure developed a model that included all 
of the indicator metrics that met the model acceptance criteria 
of 15 percent as outlined in the procedure (p-value greater 
than 0.15).  After the entire list of metrics was added individu-
ally into the model using this criterion, the procedure began 
removing metrics that were not important for separating or 
discriminating between groups of sites.  The stepwise analy-
sis was used to generate two possible solutions to be used 
for multimetric scoring by selecting: (1) all metrics meeting 
the acceptance criteria, without a metric-removal step, and 
(2) only those metrics that create the best overall model for 
predicting future placement of a site into the correct grouping, 
including the metric-removal step.  Multimetric scores and rat-
ing of sites were determined for both the five- and six-metric 
solutions resulting from this analysis.

Rating Methods Used For Site Scoring and 
Ranking

Because there are several approaches for presenting and 
reporting multimetric data, three different rating methods were 
used for site evaluation so that several site scoring and ranking 
solutions could be generated to compare for consistencies.  
The sequence of evaluation components and their resulting 
solutions are outlined in the flowchart (fig. 5).   These methods 
were: (1) site scoring on the basis of scaling transformation, 
where the metric values were proportionally scaled across all 
sites for each metric, (2) site scoring on the basis of per-
centiles or quartiles, where the mathematical distribution of 
individual metric values for all sites were split into percentiles 
so that an approximately equal number of sites fell into each 
of the ranges, and (3) the State of Kansas 305(b) water-quality 
assessment (KDHE metrics), which defines stream-impair-
ment categories and measures the ability of a stream site to 
support aquatic life (Kansas Department of Health and Envi-
ronment, 2006b),    

In the first rating method, values for each metric were 
proportionally scaled among all of the sites.  This approach 
transformed the metric values to numbers between 1 and 100, 

Methods    13



assigning 1 to the value representing the lowest biological 
quality and 100 to the value representing the highest biologi-
cal quality (Kreis, 1988).  This method has three important 
features: (1) it spreads out the distribution of metric values, 
and when multimetric scores are obtained, there is less chance 
of having ties during the site-ranking process, (2) it retains 
the relative (or proportional) distances among the metric 
values, and (3) each metric has equal weight in the assess-
ment results because each metric is transformed to the same 
numerical scale.  This method has been used successfully for 
ranking sites on the basis of benthic macroinvertebrate data 
(Poulton and others, 1995).  Multimetric scores for sites were 
determined by summing proportionally transformed values for 
each metric included in the evaluation.  For each multimetric 
combination, a ranking of sites was obtained on the basis of 
the sum of the scores.  The scaling equations for individual 
metrics are given below:

If the maximum value (Max) represents the highest bio-
logical quality, use:

	 1 + [(Value – Min) / (Max – Min) x 99];	 (1)

If the minimum value (Min) represents the highest biological 
quality, use:

	 1 + [ { 1 - (Value – Min) / (Max – Min) } x 99];	 (2)

where Value = number to be scaled.
In the second rating method, quartiles or percentiles are 

used to designate cutoff boundaries for site scoring, where 
metric values determined for all of the sites are divided 
into ranges that are defined by mathematical data distribu-
tions (Southerland and Stribling, 1995). Even though the 
scores are unitless values, they can be used for site rating to 
provide a relative measure of biological condition (Lenat, 
1993).  The distribution of metric values for sites was divided 
into generally equivalent categories, and each category was 
given a score.  When all 22 sites sampled in Johnson County 
and nearby Missouri were considered for comparisons, four 
categories (generally equal quartiles with scores of 1, 2, 3, 4, 
and distribution boundaries at approximately the 25th, 50th, 
and 75th percentiles) were designated for relative scoring 
of sites.  For some metrics, several sites had zero values; in 
these instances, three categories (trisection with scores of 
1, 3, and 5, and distribution boundaries at the 33rd and 66th 
percentiles) were designated.  A score for each category then 
was assigned for each metric included in the evaluation.  A 
multimetric score for each site was determined by adding the 
scores attained for all of the individual metrics included in the 
evaluation.  Site ranks for each multimetric combination were 
determined according to these scores.    

For the third rating method, site scores were deter-
mined using the four metrics used by the State of Kan-
sas for evaluating aquatic-life status of Kansas streams 
(MBI, KBI–NO, EPTRich, and %EPT).  Each metric was 
scored on a three-point system that was based on State criteria 

(Kansas Department of Health and Environment, 2006b; 
table 3). Impairment status for each site was determined by 
combining these metric scores into an overall site score repre-
senting an average across all of the metrics included.

Site Groupings 
Study sampling sites were divided into groups on the 

basis of available knowledge on the types of disturbance 
sources that were documented from previous investigations 
and on the initial study results.  This approach was used 
for the following reasons: (1) lack of within-site replication 
reduced the ability of the sampling protocol to statistically dis-
criminate between individual sites; (2) placing sites together 
that have similar characteristics or known adverse effects from 
human activities, and treating each site as a replicate provided 
the opportunity to statistically discriminate between groups; 
(3) site grouping allowed statistical identification of macro-
invertebrate metrics with the best discriminatory power; and 
(4) site groups provided confirmation that a meaningful gradi-
ent in biological conditions existed for the sampling sites. 

Categorizing sites into groups or classes is a valid tech-
nique for defining a gradient in biological response (Davies 
and Jackson, 2006) and is useful in cases where no site repli-
cation is included in the study design (Fore and others, 1994).  
Results from one of the rating methods (rank in multimetric 
site scores on the basis of scaling transformation) were used to 
initially place the 22 sampling sites into three generally equal 
groups (seven to eight sites per group) that were assumed to 
have similar characteristics or relative degree of overall bio-
logical impacts from human activities (A, least impacted; B, 
moderately impacted; C, most impacted), as indicated by site 
rankings and the continuum of multimetric site scores.  A sec-
ond site grouping was generated on the basis of a combination 
of existing site knowledge, including predominant land use 
and WWTF effects.  In both of these approaches for categoriz-
ing or grouping sites, significant differences between groups 
were determined by analyzing group means in multimetric 
scores, treating each site as a replicate within each group (dis-
criminant function analysis, α = 0.05; Johnson, 1998).

The rationale for combining multiple indicator metrics 
into different metric combinations and overall site scores 
is to integrate the levels of macroinvertebrate responses to 
improve site discrimination and the accuracy of site placement 
into groups or rating categories (Fore and others, 1994).  The 
resulting site arrangement provided the basis for direct com-
parisons with gradients in human disturbance and environmen-
tal variables, as defined by the Biological Condition Gradient 
conceptual model (Davies and Jackson, 2006).  These qualita-
tive site groupings were designed to provide additional indica-
tions of the underlying causes of adverse effects as measured 
by other variables included in this report rather than to develop 
numerical cutoff ranges for site scores or rating categories.
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Environmental Variables

Quantitative site data were used for streamflow, precipita-
tion, water quality, sediment quality, and land-use variables.  
This information was taken from several sources to provide 
a basis for understanding observed differences in biological 
conditions and the degree of human-induced adverse effects 
among the study sites.  Because the KDHE macroinvertebrate 
sampling protocol is considered a screening-level tool for 
evaluation of stream condition, these variables are included in 
this report to provide a basis for comparisons with macroinver-
tebrate results.  Relations between observed macroinvertebrate 
response and environmental variables also were designed to 
measure concurrence among the indicators examined.  

This study did not attempt to fully integrate all of the 
environmental variables affecting aquatic life in streams.  
However, available site data were examined to improve 
understanding of integrated biological response to degrees 
of adverse effects because of human disturbances, such as 
those related to urbanization, nutrient enrichment from both 
agricultural and municipal sources, and presence of chemical 
contaminants.  Comparable information for the Missouri sites 
(Wilkison and others, 2005) was not available for all variables, 
and therefore, some relations were examined utilizing only 
data from the 15 Johnson County sites.

Streamflow and Precipitation
Six USGS stream gages downstream from watersheds 

with varying land use, and in the same approximate location 
as some of the macroinvertebrate collection sites, were in 
operation throughout Johnson County from November 2002 
through 2004 (fig. 2).  These USGS gages included two gages 
on Cedar Creek (station numbers 06892440 and 06892495, 
sites CE1 and CE6), and one gage each on the Blue River 
(06893080, site BL3), and Big Bull (06914950, site BI1), 
Indian (06893300), and Mill (06892513, site MI7) Creeks. 
Three additional sites (06892360, 06893100, and 06893390; 
sites KI6b, BL5, and IN6) had stream gages operating part 
of that period. Streamflow data are available on the Web at 
http://ks.water.usgs.gov/Kansas/waterdata.html/ . Macroinver-
tebrate collection at all of the sites generally was completed 
before the occurrence of streamflow increases normally 

associated with spring storm runoff.  The only exception to 
this was in 2004 at the Tomahawk Creek site (TO2), when 
macroinvertebrate collection was being completed during the 
beginning of a stormwater pulse on March 3, 2004.  

Trends in streamflow and precipitation were examined 
for these gages to help interpret macroinvertebrate results 
between the two sampling years.  To examine these trends, 
duration curves were plotted to compare streamflow during 
the months prior to sampling.  The periods from November 1 
through March 15, 2002–03 and 2003–04, were chosen to 
represent streamflow conditions relevant to macroinvertebrate 
populations collected in March 2003 and 2004, respectively. 
Snowfall totals for these same time periods also were com-
pared using the data from a weather station in Olathe, Kansas 
(fig. 2), centrally located in Johnson County (M. Knapp, State 
Climatologist, Weather Data Library, written commun., 2005).

Water and Sediment Quality
Pearson correlation coefficients (Helsel and Hirsch, 

1992) were used to measure the strength of relations between 
various macroinvertebrate site scores and other available 
constituents that were used to define sampling-site water and 
sediment quality.  Water- and sediment-quality samples col-
lected from the sites in 2002 and 2003 as part of a previous 
study were used to provide a basis for comparison between 
indicators (Lee and others, 2005).  Samples were collected 
during base-flow conditions in November 2002 and July 2003. 
Lee and others (2005) used much of the data on water and 
sediment quality to estimate the distribution of contaminants 
relative to point and nonpoint sources and varying land-use 
characteristics. 

Constituents analyzed from water- and sediment-
quality samples included major ions, nutrients, metals, 
pesticides, and wastewater-indicator compounds.  Methods 
and results of analysis of stream-water and streambed- 
sediment quality data also are reported in Lee and others 
(2005).  Only those compounds that were detected in a major-
ity of stream-water and (or) streambed-sediment samples and 
exhibited variability among the sampled sites were included in 
the analysis for the study described herein.  

Water-quality constituents used for this analysis included 
total nitrogen, total phosphorus, indicator bacteria, and the 
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Table 3. Criteria for four macroinvertebrate metrics used in Kansas to evaluate aquatic-life support (Kansas Department of Health and Environment, 
2006b). 

[MBI, Macroinvertebrate Biotic Index; KBI–NO, Kansas Biotic Index with tolerances for nutrients and oxygen-demanding substances; EPTRich, EPT 
(Ephemeroptera-Plecoptera-Trichoptera) species richness; %EPT, percentage of EPT species; <, less than; >, greater than]

Aquatic-life-support 
category

Values

MBI KBI–NO EPTRich %EPT Average

Fully supporting < 4.51 < 2.61 > 12 > 48 > 2.49

Partially supporting 4.51–5.39 2.61–2.99 8–12 31–47 1.5–2.49

Nonsupporting > 5.39 > 2.99 < 8 < 31 1.0–1.49

http://ks.water.usgs.gov/Kansas/waterdata.html/


total concentration of a set of 55 organic wastewater com-
pounds.  Total concentration of wastewater compounds is 
the sum of detected concentrations in filtered water samples.  
Concentrations for the water-quality constituents represented a 
mean of both base-flow samples, unless only one sample was 
collected at the site.  Although two samples from each site do 
not provide a statistical basis for thoroughly evaluating stream 
water-quality conditions at any given site, they do provide an 
estimate of relative water-quality conditions during base flow 
(Lee and others, 2005). No water-quality samples were col-
lected from the Captain Creek site (CA1) because it was dry 
during scheduled sample collections.  To maintain compara-
bility between sediment and macroinvertebrate data sets, the 
median value of water-quality constituents from other rural 
sites in Johnson County (sites BI1, BL3, BL5, CE1, CE6, KI5, 
KI6b) were used to estimate water-quality data for site CA1.  
Because water and sediment samples were not collected con-
currently with macroinvertebrates, the data are not intended to 
fully characterize conditions at the time of macroinvertebrate 
sampling but rather to provide an estimate of potential expo-
sure at each site.

Streambed-sediment samples were collected in March 
and April 2003 and analyzed for total nitrogen, total phos-
phorus, indicator bacteria, total concentration of wastewater 
indicator compounds, and metals (arsenic, cadmium, copper, 
lead, manganese, nickel, and zinc).  Stream-water, streambed-
sediment, and macroinvertebrate data were log-10 transformed 
to approximate normal data distribution.  Pearson correlation 
coefficients then were determined between macroinvertebrate 
scores, water- and sediment-quality indicators, and available 
land-use variables at the 15 sampling sites in Johnson County, 
Kansas.  Only data collected in Johnson County, Kansas, were 
used in this analysis because water- and sediment-quality data 
sets for Missouri sites differed in number and timing of sam-
ples.  A detailed description of all the constituents measured 
in sediment and overlying water and the results of sample 
analysis are given in Lee and others (2005).  

Land Use 
Estimates for land-use percentages were determined for 

all of the sites sampled for macroinvertebrates in both Johnson 
County, Kansas, and in adjacent counties in Missouri.  Land-
use data for Johnson County came from the Johnson County 
Automated Information Mapping System (AIMS) (S. Porter, 
Johnson County, written commun., 2003). Land-use data for 
Missouri came from Wilkison and others (2006), which used 
2004 data modified from the National Map (U.S. Geological 
Survey, 2007). Impervious surface data were estimated by 
adding the total area of all buildings, courtyards, and paved 
and unpaved roads and parking lots. In addition to the per-
centages of impervious surfaces and agricultural land use 
within the watershed area upstream from each sampling site, 
a more broad land-use category (percentage of urban land 
use) was generated by combining some of the estimates for 
more specific categories.  This was necessary because of slight 

differences between the sources used to estimate land-use 
categories for Kansas and Missouri sites. The percentage of 
urban category in this report included combined percentages 
of commercial, industrial, parks, and residential land use.  

Spearman-rho correlation coefficients (Helsel and Hirsch, 
1992) were determined for ranks of the estimates of land-use 
percentages (percentage of urban, percentage of agricultural, 
percentage of impervious surface) and the macroinvertebrate 
site scores that were based on proportional scaling for the 
three different multimetric combinations in both years.  Rank 
correlations were used for this analysis to provide an indica-
tion of how well the arrangement of the site ranks (in other 
words, the pattern of  biological impacts from least to most, as 
defined by macroinvertebrate scores) corresponded with the 
gradient in these land-use percentages.  Because comparable 
data on percentage of agriculture land use were not available 
for the Missouri sites, this variable was only included in the 
Pearson correlation matrix. 

Site Groupings and Scoring 
To provide information that can be directly com-

pared with macroinvertebrate results, sampling sites were 
grouped and scored on the basis of several individual indicator 
variables (water and sediment quality, land use, wastewater 
effluent) that have been known to be sources or causes of 
adverse effects in stream systems.  Available data from Lee 
and others (2005) and additional data generated as part of this 
study were integrated to provide evidence that a gradient in 
these variables does exist among the sites that were sampled.  

KDHE macroinvertebrate sampling protocol mentioned 
previously is a screening-level procedure, and it is not known 
whether resulting data can be used to identify individual 
stressors present at a stream site. Therefore, no attempt was 
made to fully integrate all of the environmental variables into 
one measurement of relative effects.  

Principal Components Analysis
For 15 of the 16 Johnson County sites, several of the 

important environmental variables previously described were 
included in a principal components analysis (PCA) that was 
performed on the correlation matrix (Johnson, 1998).  This 
matrix included stream-water and streambed-sediment quality, 
estimates of land-use percentages (impervious surfaces, agri-
culture), and macroinvertebrate site scores to identify patterns 
in the data and to examine how variables were interrelated and 
distributed across the sample sites.   PCA was performed as 
another method for separating sites or groups of sites along 
axes that are described on the basis of the variance associated 
with each of the variables included.  Log transformations were 
applied to land-use and water- and sediment-quality data to 
approximate normality.  This analysis was used to demonstrate 
how the sampling sites grouped compared to environmental 
variables and macroinvertebrate site scores.
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Environmental Effects Score
To enhance comparisons between macroinvertebrate data 

and environmental variables, an environmental effects score 
was developed that included the best available environmental 
data gathered from Johnson County stream sites.  This unitless 
score was developed from variables that generated among the 
highest correlation coefficients with many of the individual 
macroinvertebrate metrics and overall multimetric scores and 
indicators of sources known to affect macroinvertebrates such 
as WWTF discharges.  This integration approach is similar to 
that used in recent macroinvertebrate studies on urban streams 
(Cuffney and others, 2005) and was designed to provide 
a more meaningful representation of the relation between 
macroinvertebrate response and the overall adverse effects 
these variables have on aquatic life.  The score incorporated 
environmental variables that were significantly correlated 
with macroinvertebrate metrics and incorporated one land-
use variable (percentage of impervious surface), one water-
quality variable (total nitrogen in stream water), and one sedi-
ment-quality variable [total polycyclic aromatic hydrocarbons 
(PAHs) in streambed sediment].  Values for each variable were 
derived from Lee and others (2005) and represented a mean 
of two samples collected during base flow (if data from two 
samples were available).  The values were scaled proportion-
ately among the study sites.  The environmental effects score 
was calculated for each site by summation of scaled values 
for each of the three variables.  This score allowed interpreta-
tion of biological data in light of the rapid land-use changes 
occurring in Johnson County because the variables selected 
also were related to the degree of urbanization. Presence or 
absence of WWTF discharges was not included in the score 
because some of the variables included (wastewater compound 
concentration and total nitrogen) represent indicators of waste-
water effects.   

The following two statistical procedures were used to 
analyze the strength of the relation between the environmental 
effects score and macroinvertebrate site scores:  (1) Spear-
man-rho rank correlation for measuring concurrence among 
site-ranking solutions, made on the basis of multimetric scores 
(least- to most-impacted) and the environmental effects score, 
and (2) simple regression for measuring the ability of envi-
ronmental variables (both individually and as an integrated 
score) to predict relative biological conditions as indicated by 
macroinvertebrate data.   The environmental effects scores and 
the 10-metric macroinvertebrate scores were used as the basis 
for qualitative assignment of sites to rating categories that cor-
responded with relative quality of the stream sites.

Quality Assurance and Quality Control

Quality assurance and quality control for macroinver-
tebrate identification and enumeration procedures gener-
ally followed those outlined in Moulton and others (2000) 
and included within-laboratory cross checking of individual 

samples and individual specimens.  Updated taxonomic keys 
and voucher specimens are kept on file with the Biological 
Group of the USGS National Water Quality Laboratory, Lake-
wood, Colorado.  Other quality-assurance measures included 
repeats of identification and enumeration procedures on the 
same sample by different laboratory technicians and a full 
comparison of bench sheets for a minimum of 10 percent of 
the samples.  

Quality-assurance and quality-control samples were 
collected during both stream-water and streambed-sediment 
sampling in 2003 and 2004.  Specific descriptions of these 
samples and their purpose are given in Lee and others (2005).

Assessment of Biological Conditions
Results from macroinvertebrate evaluations, metric 

combinations, analysis of environmental variables, and evalu-
ation of relations between variables and macroinvertebrate 
measures, and discussion of these topics, are presented in 
this section. Complete data files and results of analysis are 
available on the USGS Web site (http://ks.water.usgs.gov/
kansas/studies/qw/joco), or on file at the USGS Water Science 
Center in Lawrence, Kansas.

Macroinvertebrate Communities

A complete listing of macroinvertebrate taxa found at 
stream-sampling sites is in Appendix 1, and a list of the four 
most dominant macroinvertebrate taxa observed at the sites is 
in Appendix 2.  Values for macroinvertebrate metrics are in 
Appendix 3.

Summary of Community Structure
A total of 190 macroinvertebrate taxa were collected from 

the 16 Kansas and 6 Missouri sampling sites using KDHE 
sampling protocol during 2003 and 2004 (Appendix 1).  Two 
taxa were found only in Missouri and not in Johnson County 
(unkeyed Lepidoptera, and the midge Parachironomus), both 
of which were collected in small numbers (less than three indi-
viduals) only at the Brush Creek site (BR12, fig. 2).  Among 
the total list of taxa, there was a 68-percent overlap between 
the two sampling years, and a total of 43 non-insect taxa.  The 
insects collected included 147 taxa, of which 56 (38 percent) 
were midges (Diptera: Chironomidae) and 13 (9 percent) were 
other Dipterans.  

Among the three dominant orders of insects that are 
normally associated with streams, Ephemeroptera, Plecoptera, 
and Trichoptera (EPT), most sites contained abundances of 
between 10 and 50 percent of the total number of organisms 
(EPT abundance, Appendix 3), and the total number of taxa 
ranged from 0 to 11 species at all sites (Appendix 3).  In gen-
eral, most of the rural sites included in this study contained a 
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wide diversity of aquatic macroinvertebrates, with good repre-
sentation of the insect orders normally associated with healthy 
communities such as mayflies (Ephemeroptera), stoneflies 
(Plecoptera), and caddisflies (Trichoptera), dragonflies and 
damselflies (Odonata), and riffle beetles (Coleoptera: Elmi-
dae).  Several of the rural sites in Johnson County, including 
the reference site (CA1), both Kill Creek sites (KI5, KI6b), 
the upstream Blue River sites (BL3, BL5), and both Cedar 
Creek sites (CE1, CE6) contained at least 23 taxa in 2003 and 
more than 40 taxa in 2004 (Appendix 3).  The midges (Dip-
tera: Chironomidae) also were well represented at these sites, 
with most collections including from 8 to 18 taxa in one or 
both years (Appendix 3).  In contrast, the more urban sites had 
none or very few EPT taxa and were dominated by pollution-
tolerant organisms such as leeches [Hirudinea: Mooreobdella 
microstoma (Moore)], planarians (Platyhelminthes: Turbel-
laria), Oligochaeta worms (Annelida: Oligochaeta, families 
Naididae and Tubificidae), and midges in the Cricotopus and 
Orthocladius (Diptera: Chironomidae) groups (Appendix 2).  
These sites included the two Indian Creek sites downstream 
from WWTF discharges (sites IN3a, IN6).  

Individual Metric Values
Values for all 22 metrics resulting from both 2003 and 

2004 sampling periods are given in Appendix 3. Figures for 
the KDHE metrics (MBI, KBI–NO, EPTRich, and %EPT) 
are discussed in the following paragraphs. Among the metrics 
determined in this study, results for a total of 12 metrics are 
summarized in this section, with the KDHE aquatic-life status 
metrics described first and the others given in the order they 
are listed in table 2.  Most of these metrics were included in 
one or more rating methods because they were considered 
core metrics (used in the Kansas water-quality assessment or 
very common in literature), they demonstrated a distinct visual 
response pattern among the sites, or they were chosen by sta-
tistical analysis as being the best metrics for correctly placing 
sites into meaningful groups.  Some metrics were not included 
in multimetric combinations because they had a bimodal 
response pattern or had redundancy with other metrics that 
were included (table 2).  Among the metrics examined in this 
study, two of the richness metrics (TRich, EPTRich) were the 
only ones that were significantly different between 2003 and 
2004.  This was only observed at the rural sites (Mann-Whit-
ney U test for independence, α = 0.05, p-value = 0.01). 

Macroinvertebrate Biotic Index (MBI).—This metric is a 
family-level biotic index that uses tolerance values for insect 
and mollusk taxa, with lower values corresponding to minimal 
biological impacts.  Most sampling sites had values between 
5.0 and 7.0 in 2003 and 2004 (fig. 6).  Both of the downstream 
Indian Creek sites (Indian Creek at State Line, site IN6, and 
Indian Creek at College Blvd., site IN3a) and downstream 
Blue River sites (Brush Creek at Elmwood, site BR12, and 
Blue River at Stadium Drive, site BL13) had the highest 
values, between 7.0 and 9.0.  Most (18 of 22) of the sites had 
higher MBI values in 2004 as compared to 2003.  The Kansas 

reference site (Captain Creek, site CA1) was the only site that 
met MBI criteria for full support of aquatic life (less than 4.51, 
table 3) and only in 2003. Two sites on the Blue River (sites 
BL5 and BL8) met criteria for partial support of aquatic life 
(4.51 to 5.39, table 3) both years. The remaining sites were 
nonsupportive at least one of the two sampled years. The Mill 
Creek TMDL (Kansas Department of Health and Environ-
ment, 2006a) establishes a goal of 4.5 or less as the average 
MBI score for 2006 through 2015. That goal was not achieved 
in 2003 or 2004 when the Mill Creek MBI scores ranged from 
4.71 to 6.27 (Appendix 3). The MBI metric was not selected 
in the stepwise statistical procedure and, therefore, was not 
included in the five- or six-metric combinations.

Kansas Biotic Index (KBI–NO).—This metric is one 
component of a much larger overall index (KBI) and utilizes 
aquatic organism tolerances to nutrients (N in the acronym) 
and oxygen-demanding substances (O in the acronym) (Hug-
gins and Moffett, 1988).  It is a genus-level biotic index calcu-
lated in a similar manner as the MBI, with low values indicat-
ing minimal biological impacts.  KBI–NO values ranged from 
1.61 (Captain Creek, site CA1, in 2003) to 4.55 (Brush Creek 
at Elmwood Ave., site BR12, in 2003) (Appendix 3).  The 
State reference stream for Kansas (Captain Creek, site CA1) 
had the lowest values in both years, and the most downstream 
site on Indian Creek (site IN6) had the highest values among 
the Johnson County sites (fig. 7).  Four of the 22 sites met 
Kansas criteria for full support of aquatic life (less than 2.61, 
table 3) on the basis of KBI–NO in 2003, two of which also 
met criteria in 2004 (Captain Creek, site CA1, and Cedar 
Creek, site CE1). Fifteen of 22 sites had higher values in 2004 
than in 2003, indicating conditions less supportive of aquatic 
life in 2004, and this difference was most pronounced at the 
middle site on Mill Creek (site MI4).  Brush Creek at Elm-
wood Ave. (site BR12) and the most downstream site on the 
Blue River (site BL13) had among the highest KBI–NO values 
of all the sites sampled.   The KBI–NO metric was included 
in the 10-metric score but was not selected by the stepwise 
statistical procedure and, therefore, was not used in the five- or 
six-metric scores. 

EPT Taxa Richness (EPTRich).—EPT taxa richness is the 
sum of the number of Ephemeroptera (mayflies), Plecoptera 
(stoneflies), and Trichoptera (caddisflies) taxa; most species 
belonging to each of these orders are considered to be intoler-
ant of stressors (Barbour and others, 1999). EPTRich values 
ranged from 0 to 7 in 2003 and 0 to 11 in 2004 (Appendix 3).  
At 11 of the 22 sites, EPTRich values in 2004 were greater 
than in 2003 (fig. 8) indicating conditions more supportive of 
aquatic life in 2004.  This difference was most pronounced at 
the less urban sites including Captain Creek (site CA1), the 
upstream Blue River sites (BL3, BL5), and the upstream sites 
on Cedar (site CE1) and Kill (site KI5) Creeks. No sites met 
the EPTRich criterion (greater than 12, table 3) for full support 
of aquatic life. Five sites met the criterion for partial support 
(8–12) in 2004 only. The remaining sites were nonsupportive 
both years. No EPT taxa were present at the Brush Creek 
site (BR12) in either of the 2 years, and downstream Indian 
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Creek and Blue River sites (IN3a, IN6, and BL8; Appendix 3) 
contained three EPT taxa or less during one or both years.  
The EPTRich metric was selected by the stepwise procedure 
and was included in all three multimetric site-scoring combi-
nations.

EPT Abundance (%EPT).—This metric is EPT expressed 
as a percentage of the total number of organisms and provides 
information about relative abundance of the three intolerant 
orders of aquatic insects. Compared to other metrics, %EPT 
did not demonstrate a distinct pattern among the study sites.  
Sixteen sites had lower values in 2004 than in 2003 (fig. 9).  
Greater abundances of the pollution-tolerant net-spinning cad-
disfly larvae Cheumatopsyche spp. (Trichoptera: Hydropsy-
chidae), and to a lesser extent Hydropsyche betteni Ross (same 
order and family), were observed at many of the more urban-

ized sites where they made up most or all of the EPT abun-
dance value.  In addition, the upstream Mill Creek site (MI1) 
had large numbers of a moderately tolerant mayfly Stenacron 
sp. (Ephemeroptera: Heptageniidae) during 2003 (Appen-
dix 2).  The Brush Creek site (BR12) had 0 percent EPT 
abundance in both years.  The %EPT metric was not included 
in any of the three multimetric site-scoring combinations.

Total Taxa Richness (TRich).—This metric represents 
the number of distinct taxa within a sample.  The presence 
of relatively large numbers of distinct taxa suggests that the 
habitats and food sources present at a site can support many 
species (Barbour and others, 1999). Values for this metric 
ranged from 20 to 47 taxa in 2003 and 17 to 56 taxa in 2004 
(Appendix 3).  Taxa richness (TRich) values were greater 
in 2004 than in 2003 at 16 of 22 sites (fig. 10) indicating 
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Figure 6.  Macroinvertebrate Biotic Index (MBI) for Johnson County, Kansas, sites sampled in 2003 and 2004, and selected sites 
in Cass and Jackson Counties, Missouri, showing Kansas aquatic-life-support categories (table 3; Kansas Department of Health and 
Environment, 2006b). 

Assessment of Biological Conditions    19



conditions less supportive of aquatic life in 2003.  This dif-
ference was most pronounced at less urban sites including 
Captain Creek (site CA1), upstream sites on the Blue River 
(sites BL3, BL5), and the upstream sites on Cedar (site CE1) 
and Kill (site KI5) Creeks. The TRich metric was selected by 
the stepwise procedure and was included in all three of the 
multimetric site-scoring combinations.

Percentage Scrapers (%Sc).—Measures of functional 
groups associated with specific feeding strategies, such as 
those taxa that remove periphyton from surfaces by scraping, 
provide information on community balance (Barbour and oth-
ers, 1999). Values for the %SC metric were generally lower 
at the urban sites and ranged from 1.6 to 41.9 percent in 2003 
and from 1.0 to 28.3 percent in 2004 (Appendix 3).  Among 

the Johnson County sites, the lowest values were observed at 
Tomahawk Creek (site TO2), Turkey Creek (site TU1), and 
the downstream Indian Creek sites (IN6, IN3a) in both years.  
The downstream Blue River sites (BL8, BL13) and Brush 
Creek (site BR12) all had values less than 10 percent for this 
metric.  The stepwise procedure selected the %Sc metric as 
meeting the acceptance criteria for grouping sites, but it was 
removed from the final model.  This metric was included in 
both the 10-metric and 6-metric site-scoring combinations.

Ratio of Abundance of Scrapers and Filters (Sc/Fc)—In 
both 2003 and 2004, the lowest values for this metric were 
observed at sites receiving WWTF discharge.  Most of these 
sites had metric values less than 0.5, and most rural sites had 
values greater than 1.0 (Appendix 3).  The Sc/Fc metric was 

Figure 7.  Kansas Biotic Index (KBI–NO) for Johnson County, Kansas, sites sampled in 2003 and 2004 and selected sites in Cass and 
Jackson Counties, Missouri, showing Kansas aquatic-life-support categories (table 3; Kansas Department of Health and Environment, 
2006b). 
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not included in the 10-metric site scoring but was selected by 
the stepwise procedure as one of the best metrics for placing 
sites into meaningful groups.

Percentage of Oligochaeta (%Olig).—Many of the mem-
bers of this macroinvertebrate group are considered pollution 
tolerant, but they were not identified below the family level in 
this study.  Most of the urban sites and those directly affected 
by WWTF discharges had values for this metric that ranged 
from 8 to 49 percent.  Most of the other sites in Johnson 
County had metric values less than 5 percent in both years 
(Appendix 3).  The %Olig metric was included in the 10-
metric combination of site scoring but was not chosen by the 
stepwise procedure and, therefore, was not included in either 
the 5-metric or 6-metric combinations. 

Percentage of Tanytarsini Midges (%Tany).—Tanytar-
sini, an intolerant tribe of midges (Diptera: Chironomidae), 
made up less than 2 percent of the organisms at all of the sites 
in 2003, with slightly higher percentages in 2004.  A total 
of 11 sites had no Tanytarsini midges in one or both years, 
and most of these sites were urban or those receiving WWTF 
discharge (Appendix 3).  The %Tany metric was included in 
all three of the multimetric site-scoring combinations and was 
selected by the stepwise procedure as one of the best metrics 
for separating site groups.

Percentage of Intolerant Organisms, KBI<3 (%Int–
KBI).—This metric represents the relative abundance of 
organisms that have KBI–NO tolerance values less than (<) 
3.0.  This metric is normally calculated using tolerance values 
given in Hilsenhoff (1987) or Lenat (1988).  For this study, 
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Figure 8.  EPT taxa richness (EPTRich) for Johnson County, Kansas, sites sampled in 2003 and 2004 and selected sites in Cass and 
Jackson Counties, Missouri, showing Kansas aquatic-life-support categories (table 3; Kansas Department of Health and Environ-
ment, 2006b). 



KBI–NO tolerance values were used instead because of their 
regional specificity for Kansas (Huggins and Moffett, 1988). 
In general, most of the urban sites had lower %Int–KBI values 
in 2003 and 2004 (Appendix 3).  The %Int–KBI metric was 
included in all three of the multimetric site-scoring combina-
tions and was selected by the stepwise procedure as one of the 
best metrics for separating site groups.

Percentage of Ephemeroptera and Plecoptera (%EP).—
This metric represents a modification of the %EPT metric 
and omits Trichoptera to account for the effect of greater 
abundances of tolerant net-spinning caddisflies often encoun-
tered in macroinvertebrate samples from larger urban streams.  
Three Blue River sites (BL3, BL5, BL8), the two State refer-
ence sites (CA1, GR19), the Cedar Creek sites (CE1, CE6), 

the Kill Creek sites (KI5, KI6b), and the Big Bull Creek site 
(BI1) all had values greater than 10 percent for this metric in 
2003 and 2004 (Appendix 3).  The %EP metric was included 
in the 10-metric site-scoring combination but was not chosen 
by the stepwise procedure.

Shannon-Weiner Diversity Index (SWDI).—This core 
metric that measures community diversity ranged from 1.9 to 
3.6 and, for most of the sites, was slightly higher in 2004 as 
compared to 2003.  In general, most of the urban sites had 
lower values (Appendix 3). The SWDI was included in the 
10-metric site-scoring combination but was not chosen by the 
stepwise procedure.

Figure 9.  EPT abundance (%EPT) for Johnson County, Kansas, sites sampled in 2003 and 2004 and selected sites in Cass and 
Jackson Counties, Missouri, showing Kansas aquatic-life-support categories (table 3; Kansas Department of Health and Environ-
ment, 2006b). 
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Site Scoring and Ranking Using Multimetric 
Combinations

A list of metrics and their inclusion in the different 
multimetric combinations (10 metric, 6 metric, and 5 metric) 
resulting from the site-rating methods are given in table 2.  
Results from the proportional scaling and percentile methods 
of scoring and ranking sites using metric combinations are 
summarized in Appendixes 4 and 5, respectively. 

A total of 12 metrics were selected on the basis of distinct 
response patterns throughout the range in known site condi-
tions. In this study, MBI, KBI–NO, EPTRich, and %EPT were 
included in the 10-metric score because they are used in Kan-
sas aquatic-life-support assessments. The %Sc, %Olig, %Tany, 

%Int–KBI, and %EP metrics also were included because of 
their distinct response patterns throughout the range of known 
site conditions.  The TRich and SWDI metrics were included 
because they represent common metrics in State assessment 
evaluations and because they often are used in macroinverte-
brate literature. Using the stepwise regression procedure, six 
metrics met the model acceptance criterion of p equal to or 
less than 0.15 (table 2) and were included in the six-metric site 
scoring (EPTRich, TRich, %Sc, Sc/Fc, %Tany, %Int–KBI).  
The %Sc metric was removed by the procedure before the 
final model was generated.  The five metrics remaining after 
completion of the stepwise procedure were used to generate 
the five-metric site scores (EPTRich, TRich, Sc/Fc, %Tany, 
%Int–KBI). 

Assessment of Biological Conditions    23

Urban site
Rural site
2003 data
2004 data

20

25

30

35

40

45

50

55

60
To

ta
l t

ax
a 

ric
hn

es
s

BR
12IN
6

BL
5

BL
3

CA
1*KI
5

KI
6bCE

1

CE
6

GR
19

*

IN
1b

TO
2

BI
1

M
I4

M
I1

M
I7

BL
2b TU

1

BL
13BL

8

BL
7

IN
3a

Blue River Indian Creek Other urban
sites

Mill Creek Cedar/Kill Creek Other rural
sites

De
cr

ea
si

ng
 im

pa
ct

s 
fro

m
 h

um
an

 d
is

tu
rb

an
ce

*

BL5

BL7

Sampling sites (table 1; fig. 2)

Sites identified in black analyzed for this study

Sites identified in blue analyzed in previous study
  (Wilkison and others, 2005)

Asterisk indicates State reference site

EXPLANATION

Figure 10.  Total taxa richness (TRich) for Johnson County, Kansas, sites sampled in 2003 and 2004 and selected sites in Cass and 
Jackson Counties, Missouri. 



The 10-metric combination is an integration of multiple 
metrics that measure diversity, composition, tolerance, and 
feeding characteristics of the communities present at each 
site. Appendix 4 lists sampling-site rankings in 2003 and 
2004 according to three multimetric combinations. Sampling 
sites did not have identical rankings in both years, but most 
sites were similar.  Among the Johnson County sites ranked 
using the 10-metric scoring, there were six sites that increased 
slightly in rank between 2003 and 2004, six that declined 
in rank, and three sites that remained the same.  Among all 
22 sites scored using the 10-metric combination, the greatest 
differences in rank between 2003 and 2004 were observed 
at one of the Blue River sites in Missouri (site BL8) and 
the Missouri reference site (South Fork of the Grand River, 
site GR19), both of which decreased by five rank positions, 
and the upstream Mill Creek site (MI1), which increased by 
five rank positions.  

Site Groupings 
Sampling sites were divided into three groups on the 

basis of their 10-metric rankings (table 4, Appendix 4) and a 
general knowledge of environmental conditions and sources 
of human disturbance at the sites. Sites in group A include 
those with the highest ranks representing the best biological 
conditions, sites in group B include those with ranks rep-
resenting intermediate biological conditions, and sites in 
group C include those with the lowest ranks representing the 
worst biological conditions (table 4).  The mean 10-metric 
macroinvertebrate scores of the three site groups were sig-
nificantly different from one another (group A scores greater 
than group B scores, and group B scores greater than group 
C scores. Discriminant function analysis indicated that the 
probability that groups are different merely by chance (F sta-
tistic) was less than 0.0001 for both 2003 and 2004) (fig. 11), 
indicating that this grouping was reasonable for placing sites 
together that have similar biological conditions.  Mean 10-

Table 4.  Grouping of sampling sites based on rank of 10-metric macroinvertebrate scores in 2003 and 2004, for 22 stream sampling sites in 
Johnson County, Kansas, and selected sites in Cass and Jackson Counties, Missouri (Wilkison and others, 2005).   

[A, lowest levels of biological impacts from human disturbance; B, moderate levels of biological impacts from human disturbance; C, highest levels of 
biological impacts from human disturbance]

Site 
identifier 

(fig. 2)

2003 2004 Average 2003–04

10-metric 
score

10-metric 
rank

Site group
10-metric 

score
10-metric 

rank
Site group

10-metric 
score

10-metric 
rank

Site group

CA1 654 3 A 862 1 A 758 1 A

KI5 695 1 A 738 2 A 717 2 A

BL5 683 2 A 720 5 A 702 3 A

BL3 639 4 A 734 4 A 687 4 A

CE1 606 5 A 755 3 A 681 5 A

KI6b 586 7 A 696 6 A 641 6 A

CE6 594 6 A 579 7 A 587 7 A

BL2b 574 8 B 489 10 B 532 8 B

GR19 447 14 B 576 9 B 512 9 B

BI1 484 10 B 527 8 B 506 10 B

IN1b 510 11 B 439 13 B 475 11 B

BL8 373 17 C 466 12 B 420 12 B

MI7 434 12 B 390 11 B 412 13 B

MI1 491 9 B 321 14 B 406 14 B

BL7 417 16 C 384 15 B 401 15 B

MI4 438 13 B 241 17 C 340 16 C

TO2 409 15 B 237 19 C 323 17 C

BL13 267 19 C 328 18 C 298 18 C

TU1 299 18 C 266 16 C 283 19 C

IN3a 118 21 C 193 20 C 156 20 C

IN6 117 20 C 55 21 C 86 21 C

BR12 59 22 C 33 22 C 46 22 C
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metric macroinvertebrate scores at rural sites also were signifi-
cantly different from that of urban sites (rural site scores were 
greater than scores for urban sites with WWTF discharges, 
and scores for urban sites with WWTF discharges were equal 
to scores for urban sites without WWTF discharges).  The 
F statistic was 0.03 for 2003 and less than 0.0001 for 2004) 
(fig. 12), indicating that grouping was reasonable.  However, 
mean 10-metric scores for the two urban site groups (with and 
without the presence of discharges from WWTFs) were not 
significantly different from one another.  This grouping did 
not fully account for the distance that WWTFs were located 
upstream from the sampling sites.  

The average of the 10-metric macroinvertebrate scores 
(or ranks) for 2003–04 for each site was used to assign three 
categories of biological impact—least impacted, moderately 
impacted, and most impacted (table 4, fig. 13).  The categories 

have approximately equal numbers of sites and show relative 
biological conditions among the 22 sites.   

The percentile site-scoring method resulted in many sites 
with ties in rank based on their scores (Appendix 5).  However, 
the resulting scores and ranks were similar to those result-
ing from the proportional scaling method, at least for most of 
the sites.  In general, urban sites had lower rankings (high-
est metric scores) in both years, and these included the two 
Indian Creek sites in Johnson County that are less than 3 mi 
downstream from wastewater discharges (sites IN3a, IN6) and 
three Missouri sites that included Brush Creek (site BR12) and 
the most downstream Blue River sites (BL8, BL13).  Rural 
sites such as the Captain Creek (site CA1), the upper Cedar 
(site CE1) and Kill Creek sites (KI5, KI6b), and the two most 
upstream Blue River sites in Johnson County (sites BL3, 
BL5) consistently ranked among sites with the least-impacted  
biological conditions (lowest ranking), regardless of which 
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than F, was less than 0.0001 for both 2003 and 2004.  



multimetric combination was used. Overall, either the propor-
tional scaling or percentile scoring approaches could be used 
as a basis for grouping and ranking sites according to macroin-
vertebrate responses. 

Aquatic-Life-Support Status
The KDHE macroinvertebrate sampling protocol used to 

evaluate the biological conditions in Kansas streams was cho-
sen for this study in part so that stream sites could be assigned 
to one of the three categories of aquatic-life-support status 
(fully supporting, partially supporting, nonsupporting) as 
defined by the State 305(b) water-quality assessment.  The sta-
tus categories are used as a guideline for indicating the ability 
of a stream site to support an acceptable level of aquatic life.  
The ranges for the four macroinvertebrate metrics described in 
this report are based on the statewide KDHE database for all 
streams in Kansas (Kansas Department of Health and Environ-
ment, 2006b) and metric performance at reference stream sites 
that represent the best-available or least-disturbed biological 

condition.  Captain Creek (site CA1) in Johnson County was 
selected as one of the sampling sites in part because it is a 
State reference stream and, therefore, useful for comparison 
purposes. The South Fork of the Grand River (site GR19) was 
evaluated among the Missouri sites because it was a candidate 
for reference status in Missouri.  

The placement of sampling sites into categories of 
aquatic-life-support status defined by the four KDHE stream-
assessment metrics is shown in table 5.  All sites evaluated 
have some level of impairment as defined by KDHE.  Sixty-
two percent of the Johnson County sites (10 of 16) in each 
of 2003 and 2004 were nonsupportive of aquatic life, and 
38 percent (6 of 16) were partially supportive. Captain Creek 
(site CA1) and upstream sites on Cedar (site CE1), Kill 
(site KI5), and Mill (sites MI1, MI4) Creeks were the only 
Johnson County sites given a score of 3 for any of the indi-
vidual metrics in either sampling year, indicating full support 
of aquatic-life use.  However, no sites obtained an average 
score that would have met the fully supporting category in 
2003 and 2004.  Captain Creek (site CA1) had the maximum 
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Figure 13.  Relative biological impacts indicated by average 10-metric macroinvertebrate scores for 2003–04 for 22 macroinvertebrate sampling 
sites in Johnson County, Kansas, and selected sites in Cass and Jackson Counties, Missouri (Wilkison and others, 2005).
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average score of the four KDHE metrics in both 2003 and 
2004 (2.25), yet did not score high enough to fall into the fully 
supporting category (greater than 2.49).  All sampling sites in 
the study were assigned the minimum score of 1 for EPTRich 
in 2003, and most of the sites that had a score of 3 in 2003 
were assigned a score of 2 for this metric in 2004.  Ten of the 
16 Johnson County sites scored in the nonsupporting category 
for each of 2003 and 2004, and these sites included eight of 
the urban sites and six sites receiving wastewater effluent.  
Most rural sites were partially supporting, whereas most of the 
urban sites in Johnson County were assigned a nonsupporting 

status in one or both years (table 5).  Brush Creek (site BR12), 
the most downstream site on the Blue River (site BL13), the 
upstream Indian Creek site (site IN1b), and the candidate State 
reference stream in Missouri (site GR19) also were placed 
in the nonsupporting category for 2003 and 2004.   In gen-
eral, many of the sites scored in the same status category in 
both years, but two of the Johnson County sites (Mill Creek 
sites MI1, MI4) and two of the Blue River sites in Missouri 
(sites BL2b, BL7) scored in the nonsupporting category in 
2004 as compared to the partially supporting category in 2003 
(table 5).  
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Table 5.  Aquatic-life-support status for sampling sites in Johnson County, Kansas, and selected sites in Cass and Jackson Counties, Missouri 
(Wilkison and others, 2005), 2003 and 2004.

[Status based on average site scores for Kansas Department of Health and Environment (2006b) stream-assessment metrics.  MBI, Macroinvertebrate Biotic 
Index; KBI–NO, Kansas Biotic Index; EPT, Ephemeroptera, Plecoptera, and Trichoptera]

Site 
identi-

fication 
(fig. 2) 

General 
land 

classifi-
cation1

2003 metric scores 2004 metric scores

MBI
KBI–
NO

EPT 
taxa 
rich-
ness

EPT 
abun-
dance

Average 
score 
of four 
metrics

Aquatic-
life- 

support-
status2

MBI
KBI–
NO

EPT 
taxa 
rich-
ness

EPT 
abun-
dance

Average 
score 
of four 

metrics

Aquatic-
life- 

support-
status2

Kansas

BL3 Rural 1 2 1 1 1.25 N 2 2 2 2 2.00 P

BL5 Rural 2 2 1 1 1.50 P 2 2 2 2 2.00 P

IN3a *Urban 1 2 1 1 1.25 N 1 2 1 1 1.25 N

IN6 *Urban 1 1 1 1 1.00 N 1 1 1 1 1.00 N

TO2 Urban 1 1 1 1 1.00 N 1 1 1 1 1.00 N

TU1 Urban 1 1 1 1 1.00 N 1 1 1 1 1.00 N

MI1 Urban 2 1 1 3 1.75 P 1 2 1 1 1.25 N

MI4 *Urban 1 3 1 1 1.50 P 1 1 1 1 1.00 N

MI7 *Urban 1 1 1 1 1.00 N 1 1 1 1 1.00 N

CE1 Rural 2 3 1 2 2.00 P 1 3 2 2 2.00 P

CE6 *Rural 1 1 1 2 1.25 N 1 1 1 1 1.00 N

KI5 *Rural 2 3 1 2 2.00 P 1 2 2 1 1.50 P

KI6b *Rural 1 2 1 1 1.25 N 2 2 1 2 1.75 P

BI1 *Rural 2 1 1 1 1.25 N 1 1 1 1 1.00 N

CA1 Rural 3 3 1 2 2.25 P 2 3 2 2 2.25 P

Kansas and Missouri (Wilkison and others, 2005)

BL2b *Urban 2 1 1 2 1.50 P 1 1 1 1 1.00 N

BL7 *Urban 1 2 1 2 1.50 P 1 2 1 1 1.25 N

BL8 *Urban 2 2 1 3 2.00 P 2 1 1 2 1.50 P

BL13 *Urban 1 1 1 2 1.25 N 1 1 1 1 1.00 N

IN1b Urban 1 2 1 1 1.25 N 1 1 1 1 1.00 N

BR12 Urban 1 1 1 1 1.00 N 1 1 1 1 1.00 N

GR19 Rural 1 1 1 2 1.25 N 1 1 1 2 1.25 N
1Urban sites have greater than 32 percent urban land use and greater than 10 percent impervious surface. Asterisk (*) indicates downstream from waste-

water discharge.

2Aquatic-life-support status (Kansas Department of Health and Environment, 2006b): F = fully supporting, average score greater than 2.49; P = partially 
supporting, average score 1.5–2.49; N = nonsupporting, average score 1.0–1.49.



The data indicate that EPTRich values had the most 
negative effect on the aquatic-life status results; every site was 
given the minimum score (1) for this metric in 2003.  Even 
though Captain Creek (site CA1) had the highest EPTRich 
value in 2004, a total of 12 taxa or more are needed to reach 
a score of 3 for this metric (Kansas Department of Health and 
Environment, 2006b), and no sites had more than 11 EPT taxa 
in either sampling period (Appendix 3).  This was unexpected 
because macroinvertebrate samples collected from small 
streams in late winter and early spring seasons can contain 
a higher diversity as compared to samples collected in other 
seasons (Feminella, 1996).  

In the study that included many of the same Missouri 
sites discussed in this report, Wilkison and others (2005, 
2006) found that, in 2002, 36 percent of 11 macroinvertebrate 
sampling sites met the criteria for full support when they were 
evaluated using Missouri Department of Natural Resources 
bioassessment protocols (Missouri Department of Natural 
Resources, 2001a).  By comparison, none of the same sites 
met the full-support criteria using the Kansas bioassessment 
protocols in either 2003 or 2004.  Currently (2007), the effects 
of different sampling protocols and index periods on macroin-
vertebrate results are unknown. 

The criteria for determining aquatic-life-support status 
as defined by the State of Kansas are based on data from 
monitoring stations that are evaluated on a seasonal or yearly 
rotation.  Most biological monitoring stations in Kansas are 
streams that are fourth order and (or) watersheds larger than 
150 mi2, which may have naturally higher macroinvertebrate 
diversity than smaller streams such as those included in this 
study (S. Cringan, Kansas Department of Health and Environ-
ment, oral commun., 2006).  This may account for the failure 
of Johnson County streams in meeting full or partial support 
for EPTRich and other metrics when evaluated with the Kan-
sas protocol.  The Missouri macroinvertebrate protocols (Mis-
souri Department of Natural Resources, 2001a) and aquatic-
life criteria were developed for smaller stream sizes (Missouri 
Department of Natural Resources,  2001b), which may 
account for the full-support status observed in 2002 at some of 
the sites in the Blue River watershed as reported by Wilki-
son and others (2005, 2006). Another plausible reason for 
this inconsistency in aquatic-life status is the possible effects 
of generally below-normal precipitation during the summer 
months in eastern Kansas in 2002 and 2003 (http://www.ncdc.
noaa.gov/oa/ncdc.html).  However, other macroinvertebrate 
metrics included for evaluating relative biological conditions 
in this study indicate that some sites fully meet expectations 
outlined in the Missouri protocol (Missouri Department of 
Natural Resources, 2001b), with four sites that have among 
the lowest levels of biological impacts and containing a total 
taxa richness of 50 or greater in the 2004 sampling (fig. 10, 
Appendix 3).  

Mill Creek currently is the only stream in Johnson 
County with a TMDL for biological water-quality impair-
ment (Kansas Department of Health and Environment, 2006a). 
Water-quality standards for nutrients and suspended solids, 

and their interference with aquatic-life support, are cited as the 
basis for the TMDL. Historical MBI and %EPT values were 
described in the TMDL, and Mill Creek sites were found to be 
nonsupportive during most years, as defined by the established 
ranges in those metrics. The metrics calculated for this study 
generally were in agreement with those findings. However, 
%EPT at the upstream Mill Creek site (MI1) showed substan-
tial variability between 2003 and 2004 (fig. 9) because of the 
large number of a moderately tolerant mayfly in 2003 (Ephem-
eroptera: Heptageniidae, Stenacron interpunctatum). The 
variability between years in individual metrics such as %EPT 
demonstrates one potential drawback of using a small number 
of individual metrics rather than a combination of metrics for 
site evaluation. The TMDL goal is to achieve an average MBI 
of 4.5 or less from 2006 through 2015. Of all the sites evalu-
ated in this study, only the Kansas reference site (Captain 
Creek, site CA1) achieved that goal and only during 2003. 

Relations Between Macroinvertebrate 
Indicators and Environmental Variables 

Data from the recently published report by Lee and 
others (2005) were used to examine the strength of relations 
between macroinvertebrate indicators and environmental 
variables. Additional streamflow volume and flow-exceedance 
data during the months prior to the 2003 and 2004 sampling 
periods were used to help explain differences in metric values 
between the two sampling years. Correlations were examined 
between 2003 and 2004 individual metric values and the 10-
metric scores, and land use and water- and sediment-quality 
data.  Correlations were expected to provide an indication 
of how well the range in multimetric scores for the sites (in 
other words, the gradient in relative biological conditions) 
corresponded with other environmental indicators that were 
measured in this study (land use and water and sediment 
quality). The strength of these relations provides insight on 
the overall impacts of cumulative stressors on the sites, as well 
as future selection of metrics to be used for monitoring and 
bioassessments.  However, because evaluations are based on a 
small number of water and sediment samples, the data are not 
intended to fully characterize those conditions or the relations 
between water and sediment variables and macroinvertebrate 
indicators.  Even though the sediment-quality data used in the 
correlations came from only one set of sediment samples in 
2003, the levels of contaminants in streambed sediment were 
used as an estimate of sediment conditions and the past and 
present exposure of this sediment to aquatic organisms in both 
2003 and 2004; therefore, most correlations were generated 
from separate macroinvertebrate data sets for both years.  

Streamflow
Streamflow values were higher at all nine USGS stream-

gage sites in Johnson County (fig. 2) before and during the 
2004 sampling period than before and during 2003 sampling.  
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Snowfall totals prior to macroinvertebrate collection in 2004 
were nearly three times that of snowfall totals prior to the 2003 
collection (28 in. and 10 in., respectively; data from weather 
station in Olathe, Kansas, fig. 2; M. Knapp, State Climatolo-
gist, Weather Data Library, written commun., 2005).  Greater 
antecedent soil-moisture conditions, increased precipitation, 
and snowmelt led to increased streamflows at the nine stream 
gages coincident with sites at which macroinvertebrates were 
collected.  

Streamflow at six of the nine stream gages during the 
5 months prior to sampling in 2003 was compared to stream-
flow for the same period of time prior to sampling in 2004. 
Three of the nine stream gages were not installed until January 
2004, and therefore, data were not available for this com-
parison.  The relative percentage difference (RPD) between 
median streamflow values (50-percent exceedance) prior to the 
2003 sampling (November 1, 2002, through March 15, 2003) 
and the 2004 sampling (November 1, 2003, through March 
15, 2004) ranged from 191 percent (Blue River near Stanley, 
site BL3, station 06893080) to 33.3 percent (Indian Creek at 
Overland Park, station 06893300, a centrally located stream-
gage site where no biological sampling occurred, shown in 
fig. 2) (fig. 14). The largest increases in streamflow between 
years were at predominantly rural sites upstream from waste-
water discharges (such as at Blue River near Stanley, site BL3; 
fig. 14A).  Changes to the hydrology of urban watersheds, 
such as increased wastewater discharges and disconnection 
from subsurface sources of water, may have contributed to less 
substantial changes in streamflow between the two sampling 
years (such as Indian Creek at Overland Park, fig. 14B).   

Increases in streamflow may have led to increases in 
macroinvertebrate diversity at some sites between 2003 and 
2004.  Among the macroinvertebrate metrics calculated, TRich 
exhibited the greatest differences between 2003 and 2004.  
The number of total taxa represented in macroinvertebrate 
data typically increased between 2003 and 2004 at rural sites 
and was coincident with larger relative increases in stream-
flow at these sites (fig. 14A).  The TRich metric exhibited a 
lesser (if any) increase at urban sites between 2003 and 2004, 
coincident with smaller relative increases in streamflow prior 
to macroinvertebrate collection (fig. 14B). The drainage area 
for the urban site provided as an example in figure 14B is 
about 38 percent larger than the drainage area of the rural site 
provided (fig. 14A), and therefore, the annual streamflow at 
the urban site is greater and relative response to precipitation 
differs.  In addition, RPDs in annual streamflow differ because 
of the effects of WWTF effluent at the urban site.  WWTFs 
discharges generally increase downstream base flow, and the 
effects of effluent can be more pronounced during drought 
years (Wilkison and others, 2006).  At sites downstream from 
WWTFs, when precipitation is less than normal, a larger con-
tribution of total streamflow originates from WWTF, which 
may result in less macroinvertebrate diversity. Lower base 
flows and increasing dry periods in small streams have been 
linked previously to decreases in macroinvertebrate diversity 
(Feminella, 1996; Meyer and Meyer, 2000).   

Conversely, the pollution tolerance metrics MBI and 
KBI–NO were generally lower in 2003 than in 2004. Less 
streamflow, corresponding with less runoff, also can result in 
lesser amounts of nonpoint-source pollutants, which may have 
led to higher values for these metrics during the drier year 
(2003).

Land Use 
Pearson’s correlation coefficients (r values), calculated 

between macroinvertebrate data (10-metric site scores) and 
land use, water-quality, and streambed-sediment quality data, 
are listed in table 6. The table lists each of the individual envi-
ronmental variables (and their corresponding coefficients) that 
were significantly correlated with at least one individual mac-
roinvertebrate metric or the 10-metric site scores in 2003 and 
2004. Correlations with other metrics are included to provide 
information on metric-specific trends. 

The diversity of macroinvertebrate communities and the 
site ranks generated in this study generally reflected a pattern 
in the overall effects of predominant land use upstream from 
sampling sites.  Land-use-related factors ranged from mostly 
urban sites with municipal WWTF discharge, urban sites with 
no WWTF discharge, mixed urban and rural sites, rural sites 
with municipal discharge, to rural sites.  Among the individual 
environmental variables related to land use, 10-metric site 
scores were significantly correlated with percentage impervi-
ous surface, percentage urban, and percentage agriculture in 
both 2003 and 2004 (table 6).   Percentage urban land use was 
correlated with MBI, %Sc, and %Olig in 2003, but neither of 
the other land-use variables were significantly correlated with 
any individual macroinvertebrate metrics in 2003. In 2004, 
however, all three land-use variables were significantly cor-
related with 5 of the 10 individual metrics (table 6).  

Percentage of agricultural land is an indicator of nonur-
ban land uses and generally has been found to be negatively 
correlated with macroinvertebrates. However, it also has 
been found to be positively correlated to some macroinverte-
brate indices (Stepenuck and others, 2002).  Approximately 
one-half of the total land use in Johnson County is nonurban, 
and of that, equal percentages are cropland and grassland 
(38 percent), 18 percent is forest, and 6 percent is miscel-
laneous including home sites (Johnson County Automated 
Information Mapping Systems, written commun., 2003). In 
this study, among the significant correlations between percent-
age agricultural land use and biological metrics, all correla-
tions were positive except in 2004 when MBI was found to 
be negatively correlated. The significantly positive correlation 
between percentage agricultural land use and the 10-metric 
macroinvertebrate scores may be because of the rapid land-
use changes occurring within the study area.  In some areas 
of Johnson County and adjacent counties in both Kansas 
and Missouri, areas that experienced past or recent use for 
agriculture are rapidly being converted to a more urbanized 
landscape, which may have more adverse effects on stream 
communities.  Therefore, when assessing effects on streams in 
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urban environments, one might expect land that is classified 
as agricultural and near urban areas to provide more positive 
benefits to streams as long as stream corridors are buffered 
from erosion and excessive nonpoint-source runoff.

Table 7 shows land-use variables (percentage urban, 
percentage impervious surface) and their corresponding coeffi-
cients resulting from the Spearman-rho rank correlations with 
the 5-, 6-, and 10-metric macroinvertebrate scoring solutions. 
These rank correlations provided concurrence in site arrange-
ment (as measured by ranks in scores) between macroinverte-
brate site ranks and the land-use variables.  Relations between 

multimetric scores and land-use variables were similar regard-
less of whether 5-, 6- or 10-metric scores were used.    

Water and Sediment Quality
Water and streambed-sediment contaminants can origi-

nate from point or nonpoint sources. Point sources of con-
tamination typically are municipal and industrial discharges 
and may include nutrients in stream water and organic 
wastewater compounds in stream water and streambed sedi-
ment, metals and hydrocarbons in streambed sediment, and 
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bacteria in stream water and streambed sediment. Nonpoint 
sources of contamination include storm runoff from urban and 
agricultural lands and seepage from septic systems.  Potential 
contaminants from nonpoint sources include indicator bacteria 
in stream water, and metals and hydrocarbons in streambed 
sediment. 

Several water-quality variables were significantly cor-
related with macroinvertebrate community metrics.  Total 
nitrogen and total phosphorus in water showed a significant 
negative correlation with the 10-metric score in 2003 (table 6).  
However, these relations were not significant in 2004, which 
may have been because of higher streamflows observed before 
the 2004 sampling and also may be related to the percentage 
of total streamflow originating from WWTFs.  The individual 
metrics MBI and %Olig showed a significant positive cor-
relation with the two nutrients in both years (table 6). Total 
concentration of organic wastewater compounds (the sum of 
detected concentrations in filtered water samples) was sig-
nificantly correlated with MBI in 2004, but no other relations 
tested with this variable were significant.

Total polycyclic aromatic hydrocarbons (PAHs) in 
streambed sediment generally had the strongest relation to the 
10-metric macroinvertebrate scores, and this environmental 
variable was significantly correlated with MBI and %Olig 
in 2003, and MBI, EPTRich, and %Olig in 2004 (table 6).  
PAHs, generally considered nonpoint contaminants but also 
found in WWTF discharge, typically are related to increases 
in vehicle exhaust (Van Metre and others, 2000; Yunker and 

others, 2002), incomplete combustion of fossil or biogenic 
fuels (Schauer and others, 2001, 2002), and the direct release 
of fossil fuels, such as oil leakage or parking-lot sealant 
(Wang and others, 2000; Mahler and others, 2005).  Several 
PAH compounds were present in concentrations higher than 
USEPA probable effects level guidelines for streambed sedi-
ment (benzo(a)pyrene, fluoranthene, naphthalene, phenan-
threne, pyrene).  All PAHs analyzed from streambed-sediment 
samples had some concentrations higher than USEPA thresh-
old effects level guidelines (U.S. Environmental Protection 
Agency, 1998; Lee and others, 2005).  

Nonylphenol diethoxylate in sediment was significantly 
correlated with %Olig in 2003 but was not significantly 
correlated with any metric values generated from 2004 data 
(table 6).  Among the other sediment-quality constituents, 
fecal coliforms had a weak relation with 10-metric macro-
invertebrate scores (table 6).  Fecal coliform in streambed 
sediment was not significantly correlated with any macroinver-
tebrate metric except %Olig in 2003.  

Point sources of water- and sediment-quality contamina-
tion appear to have negative effects on macroinvertebrate com-
munities related to the proximity downstream from WWTF 
discharges, whereas the effects of nonpoint-source contamina-
tion relate more broadly across all sites.  Possible causes of 
decreased macroinvertebrate community diversity downstream 
from wastewater discharges include effects associated with 
nutrients or organic wastewater compounds or a combination 

Table 7.  Spearman-rho rank correlation coefficients (r values) between macroinvertebrate site scores and land-use variables, and between macro-
invertebrate site scores and the environmental effects score, for sampling sites in Johnson County, Kansas, and selected sites in Cass and Jackson 
Counties, Missouri (Wilkison and others, 2005), 2003 and 2004. 

[Values in bold are statistically significant (α = 0.05) with a p-value less than 0.001.  JC, Johnson County; --, not applicable]

Year Score type
Number of sites 

included
Land-use variable Environmental  

effects scoreUrban Impervious surface

2003 5 Metric JC (15) -0.80 -0.79 0.91

6 Metric JC (15) -.71 -.72 .84

10 Metric JC (15) -.77 -.72 .85

5 Metric All (22) -.71 -.74 --

6 Metric All (22) -.68 -.72 --

10 Metric All (22) -.76 -.75 --

2004 5 Metric JC (15) -.71 -.72 .81

6 Metric JC (15) -.75 -.74 .83

10 Metric JC (15) -.78 -.77 .87

5 Metric All (22) -.79 -.78 --

6 Metric All (22) -.80 -.78 --

10 Metric All (22) -.86 -.84 --
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of contaminants resulting from both urban nonpoint-source 
runoff and wastewater effluent sources.  

Nutrient concentrations in stream water were higher at 
the Indian Creek sites in Johnson County (sites IN3a, IN6) 
than at other sites because of the greater volume of wastewa-
ter effluent discharges (Lee and others, 2005).  Nonylphenol 
diethoxylate is one of the breakdown products of commonly 
used detergents and is found in wastewater effluent and in 
bed sediment of receiving streams (Giger and others, 1984).  
Levels of this contaminant were not significantly correlated 
with 10-metric site scores, but this class of detergent metabo-
lites has been known to cause estrogenic effects in fish (Soto 
and others, 1991).  The type of secondary treatment process 
at upstream WWTFs also may affect biological conditions at 
the sampling sites.  Lee and others (2005) found that dis-
charges from WWTFs with trickling filter secondary treatment 
processes had the highest concentrations of many potential 
contaminants during base-flow conditions.

During base-flow conditions, fecal coliform densities 
were significantly higher at urban sites than agricultural sites 
in Johnson County (Lee and others, 2005).  Levels of fecal 
coliform bacteria may not affect macroinvertebrate popu-
lations directly but commonly are used as an indicator of 
agricultural or urban-related sources such as sediment/water 
interactions, leaking sewage lines, and increases in domestic 
animal waste.   This variable, along with the total concentra-
tion of organic wastewater compounds, was not significantly 
correlated with 10-metric macroinvertebrate scores.  Cor-
relations between macroinvertebrate site scores and all six 
of the water- and sediment-quality constituents in this study 
generated lower r values when the two Indian Creek sites 
downstream from wastewater discharges (sites IN3a, IN6) 
were omitted from the correlations.   This pattern was most 
pronounced with total phosphorus, suggesting that some 
point-source effects from discharges at these sites may be 
substantial.  Lee and others (2005) found that WWTFs were 
the primary source of phosphorus in Johnson County streams 
during base flow. However, nonpoint-source contaminants 
such as PAHs in sediment still correlated at approximately the 
same level when the sites downstream from wastewater efflu-
ent discharges were omitted.  On the basis of this information, 
water- and sediment-quality constituents that are related to 
nonpoint-source urban runoff may have more negative effects 
on macroinvertebrate scores at urban sites that do not receive 
wastewater effluent. Although point-source contributions may 
have substantial effects based on proximity of the source to a 
site, land use (and the corresponding nonpoint contributions) 
had the most substantial effect on overall macroinvertebrate 
communities in Johnson County streams.

Site Groupings and Scoring 

Principal components analysis was used to determine the 
most important environmental variables that were measured 
in this study, including land use, water and sediment quality, 

and macroinvertebrate scores, for explaining variation among 
sampling sites. In addition, it was used to provide a basis for 
separating or clustering sites that have similar conditions or 
effects.  Similarly, the environmental effects score was used 
as a multivariable indicator that could be compared directly 
to the integrated macroinvertebrate responses and that could 
provide some basis for qualitative assignment of sites to rating 
categories of relative stream quality.  

Principal Components Analysis
Principal components analysis (PCA) of all Johnson 

County sites indicated that three components, each consisting 
of the 10-metric scores and multiple environmental variables 
listed in table 8, comprised about 75 percent of the total vari-
ance of the data set.  Every variable analyzed, including the 
10-metric site scores, contributed to component 1.  Variables 
associated both with urban land use (percentage impervious 
surface, fecal coliform in stream water, total PAH concentra-
tion in streambed sediment, and cadmium, copper, and zinc in 
streambed sediment) and wastewater contamination (total con-
centrations of organic wastewater compounds in stream water, 
phosphorus in streambed sediment, nonylphenol diethoxyl-
ate in streambed sediment, and fecal coliform in streambed 
sediment) contributed the most to component 1.  All of the 
land-use, stream-water, and streambed-sediment variables 
except percentage agricultural land use were negatively related 
to the 10-metric site scores (table 6). Component 2 did not 
include macroinvertebrate scores and was positively related 
to nutrients and some wastewater compounds associated with 
wastewater discharge and negatively related to some metals 
and impervious surface, which may be more linked to land 
use.  Component 3 was positively related to macroinvertebrate 
scores and many metals in streambed sediment and negatively 
related to impervious surface and water- and sediment-quality 
constituents associated with both point and nonpoint sources 
of contamination.

The principal components analysis resulted in site separa-
tion that generally was based on urban-related factors in the 
form of both land use and the presence, absence, or proximity 
of WWTF discharges.  Urban sites (greater than 32-percent 
urban land use and 10-percent impervious surface) without 
wastewater discharges were grouped together (lower right 
quadrant, fig. 15).  Urban sites less than 3 mi downstream 
from wastewater discharges were grouped together (upper 
right quadrant, fig. 15).  The six rural Johnson County sites, 
including sites without wastewater discharges (sites BL3, BL5, 
and CA1) and sites more than 3 mi downstream from waste-
water discharges (sites CE6, KI5, and KI6b), were grouped 
together (upper left quadrant, fig. 15).  There were two 
sites that were exceptions to the site-grouping results.  The 
upstream Cedar Creek site (CE1), which is rural and has no 
municipal wastewater discharge, grouped with primarily urban 
sites without WWTF discharge (lower right quadrant, fig. 15).  
It is possible that the intermittent nature of the streamflow at 
site CE1 may lead to short periods of localized stresses related 
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to flow duration and water quality.  Similarly, the Big Bull 
Creek site (BI1), which is rural and has WWTF discharge less 
than 3 mi upstream, grouped with the urban sites in the upper 
right quadrant.  However, this site could have been grouped 
with the two downstream Mill Creek sites (MI4, MI7), which 
were in close proximity within this quadrant (fig. 15).  The site 
groupings resulting from principal components analysis con-
firms that, overall, a combination of prevailing land use within 
the watershed area upstream from the sites and the presence or 
absence and proximity of WWTF discharges are important in 
explaining the variation in macroinvertebrate site scores.

Environmental Effects Score 
Three environmental variables (percentage impervi-

ous surface, total nitrogen in stream water, and total PAHs 
in streambed sediment) were integrated (Appendix 6) so 
that their combined effects could be compared directly to 
the 10-metric macroinvertebrate site scores and because this 
approach was similar to that resulting from the integration 

of multiple macroinvertebrate metrics.  Although this study 
was not designed to provide a fully integrated measurement 
of environmental effects, the human-disturbance component 
of the Biological Condition Gradient concept (Davies and 
Jackson, 2006) can be defined by variables that are appropriate 
for describing the causes or sources of human-induced impacts 
in aquatic systems.   The environmental effects score includes 
the best information available for defining a gradient in overall 
human-induced disturbances for the sampling sites evaluated 
in the study.  Values for these scores are given in Appendix 6. 
The scores could not be calculated for the Missouri sampling 
sites because comparable data were not available for many of 
the environmental indicators examined.  

The environmental variables included in the environ-
mental effects score were selected from the variables that 
showed significant correlations with the 10-metric site scores 
(table 6).  The scores include one land-use variable (percent-
age impervious surface), one water-quality variable (total 
nitrogen), and one sediment-quality variable (total PAHs).  
Other significantly correlated indicators were not included 

Table 8.  Sampling-site groupings based on principal component analysis of macroinvertebrate 10-metric scores and land-use, stream-water, and 
streambed-sediment quality data from sampling sites in Johnson County, Kansas, 2003 and 2004. 

[Larger absolute component values indicate increased importance of variable. --, not applicable]

Variable
Component 1  
(42.7 percent)

Component 2  
(18.9 percent)

Component 3  
(13.9 percent)

10-metric site score -0.26 -- 0.27

Percentage impervious surface .24 -0.12 -.32

Percentage agricultural land use -.18 .17 .31

Dissolved solids (stream water) .11 -- .16

Total concentration of organic wastewater compounds (stream water) .23 -- --

Total nitrogen (stream water) .24 .27 -.17

Total phosphorus (stream water) .12 .38 --

Fecal coliform bacteria (stream water) .23 -.21 -.18

Nitrogen (streambed sediment) .15 .25 .34

Phosphorus (streambed sediment) .25 -- .27

Total polycyclic aromatic hydrocarbons (streambed sediment) .24 -- -.29

Arsenic (streambed sediment) .14 -.40 .16

Cadmium (streambed sediment) .28 -- .10

Copper (streambed sediment) .28 -- .12

Lead (streambed sediment) .20 -.32 --

Manganese (streambed sediment) .11 -.26 .28

Nickel (streambed sediment) .12 -.34 .24

Zinc (streambed sediment) .30 -- --

Organic carbon (streambed sediment) .16 .19 .37

Nonylphenol diethoxylate (streambed sediment) .26 .15 -.17

Para-cresol (streambed sediment) .19 .27 --

Fecal coliform bacteria (streambed sediment) .22 .15 --
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(percentage urban, percentage agricultural, and total phos-
phorus) because of possible redundancy with the other three 
environmental variables chosen.   Even though the percentage 
agriculture land-use variable generated significant correlations 
with several metrics (table 6), the direction of the response 
was inconsistent (some were positive and some were nega-
tive) and, therefore, not incorporated into the environmental 
effects score.  

The environmental effects scores ranged from a minimum 
of 45 at both of the downstream Indian Creek sites (IN3a, 
IN6) to a maximum of 300 at the Kansas reference site (CA1, 
table 9).  Among the environmental variables used in the 
environmental effects score, total PAHs showed the strongest 
correlation with the 10-metric scores in 2003, and percentage 
impervious surface showed the strongest correlation in 2004 
(table 6). Impervious surface area has been found to be highly 
correlated with urban intensity (McMahon and Cuffney, 2000). 
When impervious surface area is plotted in relation to the  
10-metric scores, the two downstream Indian Creek sites 
(IN3a and IN6) plot below the lines of best fit, probably 
because of the effects of WWTF discharge on macroinver-
tebrates at those sites (fig. 16). The Grand River reference 
site (GR19) in Missouri, with no WWTF discharge upstream 

and impervious surface percentage lower than most other 
sites, also plotted below this line.  The 10-metric scores for 
this site were less than expected based on impervious surface 
area, indicating that other factors may be affecting the bio-
logical condition at the site.  The downstream Brush Creek 
site (BR12), with more than double the impervious surface 
area of most other sites (fig. 16), stands alone as the site with 
the highest level of biological impacts among the 22 sites 
(table 9).  In general, sites in the category with low biological 
impacts had percentage urban land-use estimates that were 
less than 32 and percentage impervious surface less than 10.  
These sites included the Kansas reference stream site on Cap-
tain Creek (site CA1), the two upstream Blue River sites (BL3, 
BL5), both Cedar Creek sites (CE1, CE6), and both Kill Creek 
sites (KI5, KI6b).  

Macroinvertebrate responses to total nitrogen in water 
(fig. 17) and total PAHs in streambed sediment (fig. 18) are 
most evident at sites affected either by WWTF discharges, 
urban land use, or both.  WWTFs are a primary source of total 
nitrogen in streams during base flow (Wilkison and others, 
2002, 2006; Lee and others, 2005), and macroinvertebrate 
communities typically are affected by the resulting organic 
enrichment. Three of the sites included in the category with 
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Figure 15.  Results of principal component analysis (PCA) for 15 macroinvertebrate sampling sites in Johnson County, Kansas, 2003 
and 2004. Rural sites are those with 32 percent or less urban land use; urban sites are those with more than 32 percent urban land use 
and impervious surface greater than 10 percent. 
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Table 9.  Environmental effects scores, 10-metric macroinvertebrate scores, categories of relative biological impacts based on 10-metric macro-
invertebrate scores, and sources of environmental effects for sampling sites in Johnson County, Kansas, and selected sites in Cass and Jackson 
Counties, Missouri (Wilkison and others, 2005), 2003 and 2004. 

[W1, wastewater discharge upstream, low volume (less than 4 million gallons per day);  W2, wastewater discharge upstream more than 2 miles, high volume 
(greater than 10 million gallons per day); W3, wastewater discharge upstream less than 2 miles, high volume (greater than 10 million gallons per day); CU, 
cumulative urban, percentage impervious surface greater than 10, sediment polycyclic aromatic hydrocarbons greater than 1,470 micrograms per kilogram, 
and percentage urban land cover more than 32; CR, stream channelized with reveted banks; --, not applicable or unknown]

Site 
identifier 

(fig. 2)

Environ-
mental 
effects 
score1

Site 
rank

10-metric score Site rank2 Site group3 Average 
10-metric 
score for 
2003 and 

2004

Cat-
egory of 

biological 
impacts4

Source of 
environmen-

tal effects2003 2004 2003 2004 2003 2004

Kansas5

CA1 300 1 654 862 3 1 A A 758 Low --

BL3 292 2 639 734 4 4 A A 687 Low --

BL5 291 3 683 720 2 5 A A 702 Low --

BI1 290 4 484 527 10 8 B B 506 Moderate W1

KI5 287 5 695 738 1 2 A A 717 Low W1

KI6b 286 6 586 696 7 6 A A 641 Low W1

CE6 272 7 594 579 6 7 A A 587 Low W1

CE1 248 8 606 755 5 3 A A 681 Low --

MI7 239 9 434 390 12 11 B B 412 Moderate W1, CU

MI4 190 10 438 241 13 17 B C 340 High W1, CU

TO2 186 11 409 237 15 19 B C 323 High CU

MI1 185 12 491 321 9 14 B B 406 Moderate CU

TU1 170 13 299 266 18 16 C C 283 High CU

IN3a 45 14 118 193 21 20 C C 156 High W3, CU

IN6 45 15 117 55 20 21 C C 86 High W3, CU

Kansas and Missouri (Wilkison and others, 2005)6

BL2b -- -- 574 489 8 10 B B 532 Moderate W1, CU

IN1b -- -- 510 439 11 13 B B 475 Moderate CU

GR19 -- -- 447 576 14 9 B B 512 Moderate --

BL7 -- -- 417 384 16 15 C B 401 Moderate W2, CU

BL8 -- -- 373 466 17 12 C B 420 Moderate W2, CU 

BL13 -- -- 267 328 19 18 C C 298 High W2, CU, CR

BR12 -- -- 59 33 22 22 C C 46 High CU
1Determined from percentage impervious surface area, total nitrogen in water, and polycyclic aromatic hydrocarbons in sediment (Appendix 6). 

2From Appendix 4.

3From table 4.

4Determined on the basis of average 10-metric scores. 

510-metric macroinvertebrate scores and ranks based on proportional scaling across 15 Johnson County sites (number of sites=15). 

610-metric macroinvertebrate scores and ranks based on proportional scaling across all 22 sites (number of sites=22). 
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Figure 16.  Comparison of 10-metric macroinvertebrate site scores for 2003 and 2004, and percentage im-
pervious surface area for sampling sites in Johnson County, Kansas, and selected sites in Cass and Jackson 
Counties, Missouri (Wilkison and others, 2005). 
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low levels of biological impacts are downstream from WWTFs 
(sites CE6, KI5, and KI6b, tables 1 and 9).  Among sites in the 
category representing a moderate level of biological impacts, 
the Big Bull Creek site (BI1) was the only one with WWTF 
discharges less than 3 mi upstream.  Even though site BI1 was 
placed in the category of moderate levels of biological impacts 
(table 9), the percentage of impervious surface area and 
concentrations of total nitrogen and PAHs were low enough to 
attain an environmental effects score similar to the other sites 
in the low biological impact category. When total nitrogen in 
stream water is plotted in relation to 10-metric scores (fig. 17), 
lower metric scores at the two Indian Creek sites (IN3a and 
IN6) that are downstream from WWTF discharges correlate 
with higher concentrations of nitrogen.  A similar pattern was 
observed with PAHs in streambed sediment, where 10-metric 
scores for both of the Indian Creek sites (IN3a, IN6) correlate 
with higher PAH concentrations (fig. 18). The upstream Cedar 
Creek site (CE1) plotted above the line of best fit, and the 
10-metric scores at this site place it in the category with low 
levels of biological impacts (table 9).  However, the environ-
mental effects score at site CE1 is lower than other sites in the 
low-impact category because of higher concentrations of PAHs 
in sediment (fig. 18).  This may be related to the percentage of 
urban land use at site CE1, which is higher (31.9 percent) than 
any other sites in the category with low biological impacts 
(tables 1 and 9).

The two downstream Indian Creek sites (IN3a, IN6) were 
placed in the category representing high levels of biological 
impacts (table 9) and had environmental effects scores that 
were widely separated from other sites (fig. 19). Three of the 
Johnson County sites [including two of the Mill Creek sites 

(MI1, MI7) and the Big Bull Creek site (BI1)] fell into the 
category representing a moderate level of biological impacts 
(table 9).  Even though the Big Bull Creek site had an envi-
ronmental effects score that ranked fourth among the Johnson 
County sites (table 9), the placement of this site in the cat-
egory with moderate levels of biological impacts indicates 
that the environmental effects score may not fully account for 
wastewater effects on macroinvertebrates. However, Spear-
man-rho rank correlation coefficients determined with the 
three multimetric macroinvertebrate scores and the envi-
ronmental effects scores ranged from 0.81 to 0.91 (table 7), 
indicating that there was good concurrence in site arrangement 
between macroinvertebrate results (from highest to lowest in 
biological impacts as measured by ranks) and that defined by 
the environmental variables.

Macroinvertebrate Responses to Environmental 
Variables

Effects of Urbanization on Macroinvertebrates
The structure and diversity of macroinvertebrate com-

munities can be negatively affected by urbanization (Giller and 
Malmqvist, 1998). Urbanization generally leads to increases in 
impervious surface areas and stream re-channelization within 
the watershed, which in turn increases the frequency and 
magnitude of stormflows (Arnold and Gibbons, 1996).  Larger 
variations in velocity and streamflow during stormwater runoff 
also may have negative effects on macroinvertebrate com-
munities (Clausen and Biggs, 1997). Urban runoff and treated 
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wastewater, the primary sources of water in many urban areas, 
have increased concentrations of nutrients, pesticides, metals, 
and organic compounds (Heaney and Huber, 1984). Treated 
wastewater discharge also alters stream hydrology (Lee and 
others 2005; Wilkison and others, 2006).  

Effects of urbanization are known to include decreased 
macroinvertebrate diversity and result in communities domi-
nated by more tolerant species (Milner and Oswood, 2000; 
Gray, 2004). Organic enrichment associated with WWTF 
discharges in particular has been found to reduce macroinver-
tebrate diversity (Seager and Abrahams, 1990). Less infiltra-
tion capacity of watersheds in urban environments with greater 
impervious surface area may inhibit the ability of streams to 
sustain base flow (Finkenbine and others, 2000; Dodds, 2002), 
but this effect may be offset by WWTF discharge (Wilkison 
and others, 2006).  Impervious surfaces alter stream hydrol-
ogy and convey contaminants into water bodies. Impervious 
surface area has been found to be highly correlated with urban 
intensity and a good integrator of urban land-use conditions 
(Arnold and Gibbons, 1996). Impervious surface area also 
is known to be negatively correlated with macroinvertebrate 
assemblages (Stepenuck and others, 2002).   

Cumulative urban is one of the impact types identi-
fied by Yoder and Rankin (1995) as a cause of impairment 
in flowing water and is described by situations when many 
different contaminants may be present from combinations of 
nonpoint-source urban runoff and point discharges of treated 
wastewater.  In this study, estimates of impervious surface 
area, percentage urban, and percentage agricultural land use 
were strongly correlated with macroinvertebrate scores, and in 

general, these relations generated higher correlation coeffi-
cients (r values) than most of the water- and sediment-quality 
variables in both years (table 6).  This indicates that the cumu-
lative effects of land use on macroinvertebrate site scores were 
detected more easily than effects resulting from a particular 
chemical constituent.

Results of this study indicate that the biological condi-
tion of streams in Johnson County is being adversely affected 
by both urban land use and effects associated with waste-
water discharges.  The combined effects of these sources in 
Johnson County likely have altered the natural variability in 
flow regime and changed the inputs of contaminants and the 
quantity of available nutrients.  These results are consistent 
with those reported in Wilkison and others (2006). Macro-
invertebrate site scores and ranks for the Indian Creek sites 
in Johnson County that are less than 3 mi downstream from 
wastewater discharges (sites IN3a, IN6) were consistently 
rated among sites with the highest levels of biological impacts 
in one or both years.  However, other urban sites in Johnson 
County and Missouri that do not receive wastewater discharges 
such as Tomahawk Creek (site TO2), Turkey Creek (site TU1), 
and Brush Creek (site BR12) have among the highest percent-
ages of impervious surfaces in the watershed.  These sites also 
consistently scored and ranked among those with the most 
impacts in terms of diversity metrics (TRich, EPTRich) and in 
overall site scores and ranks.     

The macroinvertebrate data also indicate that biologi-
cal conditions may fluctuate from year to year at some sites. 
Where wastewater discharges are present and comprise the 
majority of streamflow during base-flow conditions, year-to-
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year changes in weather likely have less pronounced effects 
during base-flow conditions at these sites (Lee and others, 
2005).  Wastewater discharges are typically warmer, more 
nutrient rich (which increases algal production and causes 
decreased dissolved oxygen values and large diurnal fluctua-
tions) and have increased dissolved solids that cause larger 
specific conductance readings (Masters, 1991; Sprague, 2005).   

Possible causes of decreased macroinvertebrate com-
munity diversity downstream from wastewater discharges 
include effects associated with nutrients and altered hydrology, 
contaminants resulting from urban nonpoint-source runoff, 
or a combination of these.  Excess algae growth in riffles also 
retains fine particulates, resulting in greater substrate embed-
dedness and a corresponding decrease in interstitial living 
space for macroinvertebrates.  This secondary effect of waste-
water discharges may occur even when water-quality standards 
set for municipal wastewater discharges are met 100 percent 
of the time.  However, macroinvertebrate data indicate that, 
overall, the effects of wastewater discharges and urbanization 
on biological communities cannot be fully separated from one 
another because metric scores for urban sites with no wastewa-
ter discharge often were as low as those for urban sites receiv-
ing wastewater discharge (table 9).  Even though urban sites 
without WWTF discharges have slightly higher macroinverte-
brate scores (fig. 12), future changes in wastewater treatment 
or modifications in stormwater pathways may not improve 
aquatic-life status to the levels observed at many of the rural 
sites.  WWTF discharge volume (or percentage of base flow 
as effluent) and the location distance upstream from a site are 
both important factors that affect biological communities. 

Water-quality constituents that could contribute to 
decreased macroinvertebrate diversity in urban streams also 
include specific conductance, which is usually positively 
correlated with chloride concentrations (Hem, 1992).  Elevated 
chloride concentrations have been found at site IN6 and likely 
are related to road-salt application (concentration in one 
sample was higher than KDHE acute aquatic-life criteria) (Lee 
and others, 2005).  Elevated chloride concentrations may be 
adversely affecting macroinvertebrate communities at other 
urban sites as well.  Other urban-related water-quality factors 
also may be affecting macroinvertebrate communities, such 
as increased temperature from wastewater discharge and low 
dissolved oxygen associated with large diurnal fluctuations 
caused by increased algal production and decay.

Previous studies have found that macroinvertebrate 
community-level attributes decline to a maximum degra-
dation level at a specific threshold of impervious surface 
area (Schueler, 1994). Degradation thresholds for impervi-
ous surface areas ranging from 10 to 20 percent have been 
described (Paul and Meyer, 2001).  Even though specific 
thresholds in impervious surface area were not identified 
during this study, sites with impervious surface area greater 
than 10 percent were among those with the highest levels of 
impacts on the basis of both macroinvertebrate response and 
measurements of variables related to urbanization.

Macroinvertebrate Response to Gradients in 
Environmental Variables

Generally, it is assumed that the composition of resi-
dent aquatic communities reflects an integration of exposure 
to the combined effects of all disturbances measured.  The 
Biological Condition Gradient concept, which is a model that 
describes biological responses to increasing levels of human 
disturbance, has been supported by USEPA as an effective tool 
for classifying stream condition and managing water-resource 
objectives (Davies and Jackson, 2006; U.S. Environmental 
Protection Agency, 2006).  The foundation behind this concept 
is the expectation that the quality or condition as measured 
by biological indicators can be represented by categories or 
tiers that are defined on the basis of a gradient in degree of 
impacts resulting from a variety of human disturbances.  In 
this study, changes in water quality, contaminant concentra-
tions, and physical variables such as streamflow and habitat 
modifications, are all associated with a gradient in the degree 
of biological impacts for the sites evaluated.  The different 
rating methods used to evaluate relative site quality in this 
study yielded similar rankings and groupings for most of the 
sites.  The relative site rankings and groupings that were based 
on 10-metric macroinvertebrate site scores (table 4) were simi-
lar to those developed using the environmental effects score 
(table 9).  These results indicate that an integrated macroinver-
tebrate score developed as a grading system for relative stream 
quality, although meaningless by itself, is a useful tool for 
comparing overall biological impacts at sites across gradients 
in environmental conditions that occur in rapidly changing 
landscapes such as Johnson County, Kansas. 

Macroinvertebrate scores confirm that a combination 
of environmental variables is affecting the macroinverte-
brate communities at the sampling sites used in this study.  
In general, the seven sampling sites included in site group 
A (table 4) were placed in the category with low levels of 
biological impacts (table 9).  These sites also had the least 
urbanization and low values for variables related to organic 
enrichment (nutrients, and presence, volume, and proximity 
of WWTF discharges upstream). This is substantiated further 
by the analysis of the two urban site groups that were based 
on both land use and wastewater discharge (with and without 
WWTF discharges upstream) in which the mean macroinverte-
brate scores were not significantly different from one another 
(fig. 12).  Because both of these factors also have a direct 
effect on many of the individual variables that were measured 
at the Johnson County sites, there is a potential for developing 
land-use models and estimating the cumulative effects of these 
variables on biological communities in urban streams.

Spearman-rho rank correlations with the three multimet-
ric scoring solutions also indicated strong relations between 
the site ranks generated by macroinvertebrate scores and with 
the site ranks that were based on estimates of percentage urban 
land use and percentage impervious surface (table 7).  This 
pattern was observed both among the 15 Johnson County 
sites and when all 22 sites were included in the correlations 
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(table 7).  In addition, the site ranks derived from the envi-
ronmental effects score were significantly correlated with site 
ranks resulting from all three of the multimetric scoring com-
binations in both years (table 7).  These results indicate that, 
when the sites are ranked according to a gradient in the degree 
of adverse environmental effects as described by land use and 
water- and sediment-quality variables, the ranking of sites 
according to multimetric macroinvertebrate scores correlated 
well with this site arrangement (in other words, from high to 
low across the study sites).  Further, when sites with similar 
known impact sources are grouped together in a subjective 
manner on the basis of qualitative site knowledge, the result-
ing estimates of relative biological condition correspond well 
with site groups derived from combinations of environmental 
variables. These results also suggest that multimetric scor-
ing and ranking of sites according to biological data derived 
from screening-level protocols, such as those used by KDHE 
for macroinvertebrates, provide a good measurement of the 
biological condition and relative quality of Johnson County 
streams.  

Even though a lack of within-site replication precluded 
discriminating between individual sites, results suggest that 
the combinations of macroinvertebrate metrics selected for this 
evaluation were effective in discriminating between groups 
of sites with similar degrees of human disturbance.  Although 
aquatic-life status determined for the sites did not identify 
any that were fully supporting, one of the main goals was to 
determine site quality relative to other sites as a whole and to 
provide comparisons with the reference sites.  The Captain 
Creek reference site (CA1) attained the highest average score 
for the four KDHE metrics (table 5), the highest value for the 
environmental effects score (table 9), and among the highest 
biological condition based on the 10-metric macroinvertebrate 
scores (table 9).  Therefore, the upstream Kill Creek site (KI5) 
and the two upstream sites on the Blue River (sites BL3, BL5) 
can be considered similar to the reference site in biologi-
cal quality even though they did not meet fully supporting 
aquatic-life status according to KDHE evaluation criteria. 

Least- and Most-Impacted Stream Sites
Both of the upstream Blue River sites in Johnson County 

(sites BL3, BL5) consistently scored among the least-impacted 
sites.  Both sites are surrounded by primarily rural land use 
(rural land use 32 percent or less and percentage of impervi-
ous surface of 10 percent or less) and contain a large diversity 
of macroinvertebrates dominated by clean-water organisms.   
These sites had among the three highest values for EPTRich, 
TRich, and SWDI in both 2003 and 2004 (Appendix 3).  
These noteworthy results indicate that in Johnson County, 
there is a remaining segment of the Blue River system that 
has a biological condition comparable to sites with the lowest 
levels of human disturbance that were included in this study.  
Even though urban development has moved progressively 
upstream in this watershed over the last 20 years, these sites 
presently are located upstream from most urban development.  

The data also indicate that the Cedar and Kill Creek 
watersheds contain sampling sites that represent conditions 
similar to that of reference quality because some of these 
sites consistently ranked very close to the Captain Creek site 
(CA1).  The upstream Kill Creek site (KI5) had the highest 
rank among all sites in Johnson County according to all the 
rating methods in 2003 and the second or third highest rank 
in 2004.  In contrast, Johnson County sites on Indian Creek 
(sites IN3a, IN6) and downstream sites on the Blue River 
(site BL13) and Brush Creek (site BR12) in Missouri ranked 
among sites with the highest levels of biological impacts 
regardless of which rating method was used in the evaluation.  
These sites had very similar rankings among the different 
rating methods, with the Brush Creek site in Missouri being 
ranked most often as the lowest in biological quality.  Turkey 
Creek (TU1) and Tomahawk Creek (TO2) sites also ranked 
among the lowest of the Johnson County sites according to 
multimetric macroinvertebrate scores in one or both years.  

All sites in Johnson County showed some level of 
impairment on the basis of their ability to support an accept-
able level of aquatic life as defined in the KDHE assessment 
protocol for macroinvertebrate communities (Kansas Depart-
ment of Health and Environment, 2000).  Downstream sites 
on Indian (sites IN6, IN3a), Turkey (site TU1), and Toma-
hawk (site TO2) Creeks in Johnson County also have the 
lowest biological condition relative to other sites included 
in this study according to 10-metric scores and site ranks.  
The Indian Creek (IN6, IN3a) and Turkey Creek (TU1) sites 
also had among the highest levels of adverse environmental 
effects from known or suspected sources of contaminants 
(table 9).  Previous studies have shown that, at many of these 
sites, a significant percentage of the total streamflow consists 
of large-volume municipal wastewater discharges and urban 
runoff (Lee and others, 2005).  Combined sewer overflows, 
PAHs, high BODs (biochemical oxygen demands), and many 
potentially toxic compounds associated with urban stormwater 
runoff and municipal discharges have been documented at the 
Indian Creek and (or) downstream Blue River sites (Blevins, 
1986; Ryon and others, 2000; Wilkison and others, 2002, 
2006; Lee and others, 2005).  

Comparison to Downstream Sites in Missouri
Although the focus of this study was on sampling sites 

in Johnson County, Kansas, previously published data from 
the downstream seven sites in Kansas and Missouri (Wilkison 
and others, 2005, 2006) also were evaluated in some parts of 
this report because of the consistency in the sampling proto-
col and time period sampled, and their inclusion enabled a 
watershed-based evaluation with a continuum of impacts at 
sites related to urban and rural land use, and point and non-
point-source runoff within selected watersheds in the southern 
part of the Kansas City metropolitan area (fig. 2, table 1).  In 
addition, many of the assessment results can be strengthened 
by the inclusion of more than one reference stream site and a 
larger total number of sites.  Methods used for enumeration 
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of metrics for the seven Kansas and Missouri sites were the 
same as those used for the 15 Johnson County, Kansas, sites.  
The results of this study generally concur with relative site 
comparisons and identification of sites with the highest and 
lowest relative stream quality reported in Wilkison and others 
(2005, 2006).

The downstream Blue River sites and Brush Creek site 
in Missouri consistently scored among sites with the highest 
levels of biological impacts according to individual metric 
values and in multimetric scores.  Similarly, all of the Blue 
River sites in Missouri, which are all downstream from one 
or more WWTF discharges (sites BL2b, BL7, BL8, BL13), 
scored and ranked lower than the two upstream Blue River 
sites in Johnson County (sites BL3, BL5).  When Missouri 
sites were included in the site rankings, both intensely urban-
ized sites without WWTF discharges (site BR12) and the Blue 
River sites downstream from the confluence with Indian Creek 
(sites BL8, BL13) ranked among the most-impacted sites.  The 
Missouri sites are affected by several WWTFs that discharge 
directly upstream from the Kansas State line (upstream from 
sites BL2b, BL7, and BL8). The most downstream Blue River 
site (BL13) has multiple potential sources of contaminants, 
including WWTF discharge from all upstream sources and 
tributaries, channelization for flood control, industrial dis-
charges, and cumulative urban runoff, in addition to being 
located downstream from the confluence with Brush Creek 
(site BR12).  All of the downstream Blue River sites were 
similar in ranks to the most-impacted Johnson County sites, 
including the two most downstream Indian Creek sites 
(IN3a, IN6), Tomahawk Creek (site TO2), and Turkey Creek 
(site TU1).  In contrast, the upstream Blue River sites (BL3, 
BL5) in Johnson County, Kansas, ranked among the highest 
quality of sites that were included in this study, indicating 
clear upstream-to-downstream changes in biological condition 
within this watershed.  This is also an indication that within 
the Blue River watershed, there is a potential for biological 
recovery of downstream Missouri segments if improvements 
in water quality and stream restoration techniques are imple-
mented in the future. 

Evaluation of Metrics for Bioassessments in 
Urban Streams

In urban streams, response patterns for many macro-
invertebrate metrics are poorly known.  In this study, it was 
assumed that metrics often applied successfully in other 
regions of the United States would respond to changes in envi-
ronmental variables that are related to urbanization.  However, 
many of these metrics have not undergone rigorous valida-
tion procedures for use in evaluation of urban streams, and 
they have not been applied to data generated from particular 
types of sampling methods.  When screening-level sampling 
protocols such as those used in this study are applied to a 
relatively small number of sites that are affected by a wide 

range of environmental variables, response patterns may not 
be readily detected.

The selection of metrics to be included in biological 
assessment studies is partly a subjective process, which can 
introduce uncertainty in evaluation results.  These uncertain-
ties may be greater when cumulative effects are involved, as 
is the case for urban streams.  To increase the chance that an 
integrated score or rating system would accurately assess the 
relative quality of sites examined, a number of metrics were 
chosen that generated an expected biological response to 
amounts of human-induced stream degradation on the basis 
of existing site information.  A similar situation exists for the 
selection of environmental variables that are the most impor-
tant in explaining the biological results.  Because the exact 
sources and causes of environmental effects are rarely known, 
the response expectations can only be inferred by available 
literature and the underlying assumptions associated with the 
numerous indicators used for stream-quality assessments.

In this study, clear response patterns were not evident in 
some commonly used metrics including percentage Chiron-
omidae (%Chir), percentage COP (Cricotopus, Orthocladius, 
Paratrissocladius) midges (%COP), percentage filterers 
(%Fil), percentage filtering Trichoptera (%FT), and per-
centage dominant taxon (PDT).  Other commonly reported 
macroinvertebrate metrics, such as %EPT, responded dif-
ferently than expected, with higher values at some of the 
urban sites included in this study.  In particular, the three 
downstream Blue River sites in Missouri (sites BL7, BL8, 
BL13) had %EPT values of 37 percent or higher in one or both 
years (fig. 20A).  These sites have more than 50 percent urban 
land cover and greater than 18 percent impervious surface in 
addition to being located downstream from WWTF discharges 
(table 1).  Even though %EPTs at these sites were among the 
highest percentages observed in this study, the pollution- 
tolerant caddisfly Cheumatopsyche spp. (Trichoptera: Hydro-
psychidae) accounted for 55 to 79 percent of EPT organisms 
in the samples (fig. 20B).  The data from this study indicate 
that this metric may not be a good indicator for evaluating 
streams in urban landscapes especially when abundances 
of EPT taxa are dominated by one or two tolerant species. 
The dominance of tolerant filter-feeding Trichoptera species 
observed at some of the most impacted sites included in this 
study (fig. 20, Appendix 3) may result in high EPT abun-
dances at sites in other urban areas as well. 

Several metrics included in this study appear to have 
strong potential as indicators of relative biological conditions 
and effects related to the degree of urbanization in Johnson 
County. All of the metrics except %Tany were significantly 
correlated with one or more land-use or water- or sediment-
quality variables (table 6).   The MBI and %Olig metrics 
responded well throughout the ranges in conditions that 
occurred among the sites.  Both of these metrics also had the 
strongest correlations with some water- and sediment-quality 
variables, including total nitrogen, total phosphorus, and PAHs 
(table 6).  However, neither MBI nor %Olig was significantly 
correlated with percentage of impervious surface or percentage 
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EXPLANATION

Figure 20.  (A) EPT abundance (%EPT) and (B) EPT abundance (%EPT) minus the tolerant filter-feeding caddisfly 
Cheumatopsyche spp., and annual rankings in 10-metric site scores, for sampling sites in Johnson County, Kan-
sas, and selected sites in Cass and Jackson Counties, Missouri (Wilkison and others, 2005), 2003 and 2004. 
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of agricultural land use.  Even though the two taxa richness 
metrics (TRich, EPTRich) were significantly correlated with 
only two of the land-use variables during one of the sampling 
years (percentage impervious surface and percentage agricul-
tural land use, 2004), they were selected for all three of the 
multimetric scoring solutions, and their inclusion as indicator 
metrics for biological assessment studies is widespread in the 
literature (Barbour and others, 1999).  Furthermore, the infor-
mation content that can be gathered from these two metrics as 
related to species presence or absence, species loss, and link-
ages to stream biodiversity make them important components 
in the evaluation of both rural and urban stream systems.

Individual metrics provide specific information on stream 
attributes and often are used as indicators for developing 
stream restoration guidelines or management goals.  However, 
some metrics do not respond the same way in every watershed 
and stream type, or in regions outside the geographic area 
where they were originally developed.  One example is the 
MBI goal of 4.5 or less for development of TMDLs in the Mill 
Creek watershed.  This metric, which was originally developed 
in Illinois, relies on family-level tolerances of stream taxa, 
with values less than 4.51 indicating no adverse effects from 
excess nutrients or low dissolved oxygen levels (Davenport 
and Kelly, 1983). Kansas considers this metric appropriate 
for aquatic-life evaluations because Illinois has a very similar 
macroinvertebrate sampling protocol for evaluating stream 
quality.  Even though this metric responded to relative stream 
conditions at Johnson County sites, it does not consider overall 
species diversity or effects on individual functional groups of 
macroinvertebrates.  Specifically, some taxa included in the 
index (unionid mollusks, crayfish, non-insect invertebrates) 
may be less commonly encountered at smaller headwater 
stream sites, such as those upstream sites on Cedar, Kill, and 
Mill Creeks, thus affecting evaluation results.  For this reason, 
the MBI goal of 4.5 or less may be an unrealistic guideline for 
developing TMDLs in some watersheds of Johnson County. 
An integrated score containing many metrics known to 
respond to environmental variables may be a better approach 
than relying on targets or goals for specific metrics.

Summary and Conclusions
	 Macroinvertebrate samples were collected at 

15 selected stream sites representing 11 different watersheds 
in Johnson County, Kansas, in 2003 and 2004. Data were 
collected to assess biological conditions as part of a larger 
study to characterize water quality of Johnson County streams 
and provide comprehensive information for municipalities in 
developing effective water-quality management plans. Com-
parable data from an additional seven sites (one in Johnson 
County, Kansas, and six in adjacent downstream Cass and 
Jackson Counties in Missouri), collected and analyzed as 
part of a separate study, also were evaluated.  The results of 
this study can be used to develop water-quality management 

strategies and to establish current information for comparing 
future conditions and changes at individual sites and within 
the watersheds being studied.  In addition, the data can help 
direct water-quality measures required by National Pollutant 
Discharge Elimination System (NPDES) permits and the State 
total maximum daily load (TMDL) program.

Relative biological conditions in Johnson County streams 
were evaluated by: (1) examining community composition 
and relative abundance of resident aquatic macroinvertebrate 
communities, (2) scoring, ranking, and grouping the sites 
using combinations of macroinvertebrate metrics, (3) describ-
ing statistical relations between macroinvertebrate results and 
environmental variables, (4) assigning stream sites to impair-
ment categories on the basis of ability to support aquatic life, 
(5) evaluating the effects of urbanization on macroinvertebrate 
communities, (6) identifying sites with the lowest levels of 
biological impacts due to human disturbance, (7) compar-
ing data from Johnson County sites to published data from 
selected downstream sites in Missouri, and (8) providing an 
initial evaluation of the suitability of additional macroinverte-
brate metrics that have potential for bioassessments in urban 
streams. Samples were collected using Kansas Department of 
Health and Environment (KDHE) protocol.  Individual metric 
values and various multimetric scores were evaluated.  

Values for 22 metrics resulting from both 2003 and 2004 
sampling periods were calculated.  Ten of those metrics were 
selected for combination because they are used in the State 
water-quality assessment for determining aquatic-life-support 
status, they demonstrated a distinct visual response pattern 
among the sites, or they were chosen by statistical analysis 
as the best metrics for correctly placing sites into meaning-
ful groups.  Environmental data, including land-use data and 
water- and sediment-quality data, also were used in correla-
tion analyses and principal component analysis to evaluate 
relations between macroinvertebrate metrics and variables that 
may affect them.  An environmental effects score was devel-
oped to relate environmental variables to macroinvertebrate 
site scores.  

Among the three dominant orders of insects that nor-
mally are associated with streams (Ephemeroptera, Plecoptera, 
and Trichoptera; EPT), most sites contained abundances of 
between 10 and 50 percent of the total number of organisms, 
and the total number of taxa ranged from 0 to 11 species at 
all sites.  In general, most of the rural sites included in this 
study contained a diversity of aquatic macroinvertebrates, with 
good representation of the insect orders normally associated 
with healthy communities such as mayflies (Ephemeroptera), 
stoneflies (Plecoptera), caddisflies (Trichoptera), dragonflies 
and damselflies (Odonata), and riffle beetles (Coleoptera: 
Elmidae).  Several of the rural sites in Johnson County, includ-
ing the reference site on Captain Creek, both Kill Creek sites, 
the two upstream Blue River sites, and the two Cedar Creek 
sites contained at least 23 taxa in 2003 and more than 40 taxa 
in 2004.  In contrast, the more urban sites had none or very 
few EPT taxa and were dominated by pollution-tolerant organ-
isms such as leeches [Hirudinea: Mooreobdella microstoma 
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(Moore)], planarians (Platyhelminthes: Turbellaria), Oligo-
chaeta worms (Annelida: Oligochaeta), and midges in the 
Cricotopus and Orthocladius groups (Diptera: Chironomidae).  
These sites included the two Indian Creek sites downstream 
from discharges of municipal wastewater treatment facilities 
(WWTFs). 

Each sampling site in the study was evaluated on the 
basis of KDHE’s defined categories of aquatic-life support.  
The State evaluation used the average of four metric values—
Macroinvertebrate Biotic Index (MBI), Kansas Biotic Index 
(KBI–NO), EPT taxa richness (EPTRich), and EPT abundance 
(%EPT)—to score sites and place them into one of three sup-
port categories. Captain Creek (the State reference site) and 
the upstream sites on Cedar, Kill, and Mill Creeks were the 
only sites in Johnson County assigned scores indicating full 
support of aquatic-life use for any of the individual metrics in 
either sampling year.  However, no sites had an average score 
that would have met the fully supporting category in 2003 or 
2004.  Captain Creek had the highest average score of the four 
KDHE metrics in both 2003 and 2004, yet did not score high 
enough to fall into the fully supporting category.  Ten of the 
16 Johnson County sites scored in the nonsupporting category 
for both years, and these included eight of the urban sites and 
six sites receiving wastewater discharge.  Most rural sites were 
partially supporting, whereas most of the urban sites in John-
son County were assigned a nonsupporting status in one or 
both years.  The data indicate that the EPTRich metric had the 
most negative effect on the aquatic-life-support status results.

Several water-quality variables were significantly cor-
related with macroinvertebrate community metrics.   Variables 
associated with land use and nonpoint contamination [percent-
age impervious surface, percentage urban land, percentage 
agricultural land, total concentration of polycyclic aromatic 
hydrocarbons (PAHs) in streambed sediment] generally had 
the strongest relations with 10-metric macroinvertebrate 
scores. Although point-source contributions may have sub-
stantial effects on the basis of proximity to the site, land use 
(and the corresponding nonpoint contributions) had the most 
substantial effect on overall macroinvertebrate communities in 
Johnson County.

The environmental effects score was calculated for 15 of 
the 16 Johnson County stream sites using data for percentage 
impervious surface, total nitrogen in stream water, and total 
PAHs in streambed sediment.   The continuum in the amount 
of land-use-related adverse effects ranged from mostly urban 
sites negatively affected by wastewater treatment facility 
(WWTF) discharges, urban with no WWTF discharge, mixed 
urban and rural, rural with WWTF discharge, to rural sites.  
Sites less than 3 mi downstream from WWTF discharges (the 
two Indian Creek sites) and sites with no WWTF discharge but 
with large impervious surface areas (Tomahawk and Turkey 
Creeks) consistently scored and ranked among sites with the 
highest levels of biological impacts.

Results indicate that site rankings using environmental 
factors and the 10-metric site scores were strongly correlated, 
indicating that multimetric macroinvertebrate indices derived 

from screening-level protocols (KDHE) such as those used 
in this study can provide a meaningful measurement of site 
quality on the basis of the cumulative effects of multiple 
environmental variables.  Similar sites were grouped together 
according to 10-metric scores and level of adverse environ-
mental effects.  Sites that consistently scored among those 
with the lowest levels of biological impacts included the two 
upstream Blue River sites, the two Cedar Creek sites, and the 
two Kill Creek sites, which demonstrated conditions similar to 
that of the State reference site on Captain Creek.  In contrast, 
Johnson County sites on Indian Creek and downstream sites 
on the Blue River and Brush Creek in Missouri ranked among 
the most impacted.  Turkey Creek in Johnson County also was 
grouped with the most-impacted sites. The diversity of macro-
invertebrate communities, the levels of biological impacts, and 
the site rankings generated in this study generally reflected a 
gradient in the overall degree of adverse effects related to pre-
dominant land-use factors upstream from the sampling sites. 

Both of the upstream Blue River sites in Johnson County 
consistently scored among the highest quality sites even 
though KDHE aquatic-life-use support guidelines identified 
both sites as having some level of impairment.  Both Blue 
River sites are still surrounded by primarily rural land use and 
contain a high diversity of macroinvertebrates dominated by 
clean-water organisms.  These results indicate that in John-
son County there is a remaining segment of the Blue River 
system that has a biological condition comparable to the least-
impacted sites that were included in this study.  Even though 
urban development has moved progressively upstream in this 
watershed over the last 20 years, these two sites presently are 
located upstream from most urban development.  

The downstream Blue River sites and Brush Creek site in 
Missouri consistently scored among sites with the highest lev-
els of biological impacts based on individual metric values and 
multimetric scores.  The Missouri sites are affected by several 
WWTF discharges that enter both directly downstream from 
the Kansas State line and through tributaries such as Indian 
Creek.  The most downstream Blue River site in Missouri has 
multiple potential source of contaminants, including WWTF 
discharge from all upstream sources and tributaries, channel-
ization for flood control, industrial discharges, and cumulative 
urban runoff, in addition to being located downstream from 
the confluence with Brush Creek.

In general, the different rating methods used to evaluate 
relative biological quality of sites in this study yielded similar 
ranks for most of the sites except the KDHE aquatic-life-use 
support method.  The data indicated that an integrated mac-
roinvertebrate score that includes appropriate metrics devel-
oped as a grading system for relative stream quality, although 
meaningless by itself, is a useful tool for measuring overall 
biological conditions for streams located in rapidly developing 
landscapes such as Johnson County, Kansas.  Several indi-
vidual metrics included in this study including MBI, KBI-NO, 
total taxa richness (TRich), and EPT richness (EPTRich) 
appear to have potential as indicators of relative biological 
impacts as related to changing environmental conditions and 
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the degree of urbanization in Johnson County.  Some com-
monly used metrics did not show a clear response pattern, 
including percentage Chironomidae (%Chir), percentage 
COP (Cricotopus, Orthocladius, Paratrissocladius) midges 
(%COP), percentage filterers (%Fil), percentage filtering Tri-
choptera (%FT), and percentage dominant taxon (PDT). One 
possible reason for this is that many commonly used macro-
invertebrate metrics have not been subjected to validation or 
rigorous evaluation procedures for use in assessing effects 
on urban stream systems or for use with data generated from 
specific sampling protocols.  
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Appendix 4.  Sampling-site rankings based on proportional scaling of metric values for three multimetric combinations in 2003 and 2004, for 
sites in Johnson County, Kansas, and selected sites in Cass and Jackson Counties, Missouri (Wilkison and others, 2005).

[n, number of sites; --, not applicable]

Site 
identi-

fier 
(fig. 2)

2003 site rankings 2004 site rankings

Johnson County sampling 
sites (n = 15)

All sampling sites (n = 22)
Johnson County sampling 

sites (n = 15)
All sampling sites (n = 22)

5-metric 
combi-
nation

6-
metric 
combi-
nation

10-
metric 
combi-
nation

5-metric 
combi-
nation

6-
metric 
combi-
nation

10-
metric 
combi-
nation

5-
metric 
combi-
nation

6-
metric 
combi-
nation

10-
metric 
combi-
nation

5-
metric 
combi-
nation

6-
metric 
combi-
nation

10-
metric 
com-
bina-
tion

Kansas

BL3 3 2 4 3 3 4 4 5 4 4 5 4

BL5 2 4 2 2 4 2 5 4 5 5 4 5

IN3a 14 14 14 19 20 21 12 13 14 18 18 20

IN6 15 15 15 21 21 20 14 14 15 20 19 21

TO2 12 12 12 14 14 15 15 15 13 21 22 19

TU1 13 13 13 17 17 18 9 9 11 10 11 16

MI1 11 11 8 12 13 9 11 12 10 15 16 14

MI4 10 9 10 13 12 13 13 11 12 17 15 17

MI7 8 8 11 10 10 12 10 10 9 12 12 11

CE1 7 3 5 7 2 5 3 2 2 3 2 3

CE6 6 7 6 6 7 6 6 7 7 6 6 7

KI5 1 1 1 1 1 1 2 3 3 2 3 2

KI6b 4 5 7 4 5 7 7 6 6 7 7 6

BI1 9 10 9 11 11 10 8 8 8 9 8 8

CA1 5 6 3 5 6 3 1 1 1 1 1 1

Kansas and Missouri (Wilkison and others, 2005)

BL2b -- -- -- 8 9 8 -- -- -- 11 10 10

BL7 -- -- -- 16 16 16 -- -- -- 14 14 15

BL8 -- -- -- 18 18 17 -- -- -- 16 17 12

BL13 -- -- -- 22 22 19 -- -- -- 19 20 18

IN1b -- -- -- 9 8 11 -- -- -- 13 13 13

BR12 -- -- -- 20 19 22 -- -- -- 22 21 22

GR19 -- -- -- 15 15 14 -- -- -- 8 9 9



Appendix 5.  Sampling-site rankings based on percentile site scoring for three multimetric combinations in 2003 and 2004 for sites in Johnson 
County, Kansas, and selected sites in Cass and Jackson Counties, Missouri (Wilkison and others, 2005).

[n, number of sites; --, not applicable]

Site 
identifier 

(fig. 2)

2003 site rankings 2004 site rankings

Johnson County sampling 
sites (n = 15)

All sampling sites  
(n = 22)

Johnson County sampling 
sites (n = 15)

All sampling sites  
(n = 22)

5-metric 
combi-
nation

6-
metric 
combi-
nation

10-
metric 
combi-
nation

5-metric 
combi-
nation

6-
metric 
combi-
nation

10-
metric 
combi-
nation

5-
metric 
combi-
nation

6-
metric 
combi-
nation

10-
metric 
combi-
nation

5-metric 
combi-
nation

6-
metric 
combi-
nation

10-
metric 
combi-
nation

Kansas

BL3 3 2.5 3.5 5.5 3.5 4 3.5 4 2.5 3.5 4.5 2

BL5 3 2.5 2 5.5 6.5 2 5.5 4 2.5 5.5 4.5 2

IN3a 14.5 14.5 14.5 19.5 19.5 19 12 12 11.5 20 20.5 20

IN6 14.5 14.5 14.5 21 21 21 13.5 13.5 15 17 16 21

TO2 11.5 12 11.5 12.5 13.5 15 15 15 13 22 22 18

TU1 13 13 13 16 17 18 10.5 10 11.5 14 13 15

MI1 9 10 9.5 12.5 12 12.5 10.5 11 10 14 16 14

MI4 9 8.5 9.5 14 13.5 12.5 13.5 13.5 14 17 16 18

MI7 9 8.5 11.5 11 10.5 12.5 9 9 9 10.5 11.5 10

CE1 7 6.5 3.5 9.5 9 4 1.5 1.5 2.5 1.5 1 2

CE6 3 5 5 2.5 3.5 6.5 5.5 7 8 5.5 6.5 8

KI5 3 2.5 1 2.5 2 1 3.5 4 6 1.5 2.5 5.5

KI6b 3 2.5 6 1 1 4 7.5 7 5 7 6.5 5.5

BI1 11.5 11 8 9.5 10.5 8.5 7.5 7 7 8.5 8 7

CA1 6 6.5 7 5.5 6.5 8.5 1.5 1.5 2.5 3.5 2.5 4

Kansas and Missouri (Wilkison and others, 2005)

BL2b -- -- -- 5.5 6.5 6.5 -- -- -- 10.5 9.5 11.5

BL7 -- -- -- 16 15.5 17 -- -- -- 17 16 16

BL8 -- -- -- 19.5 19.5 16 -- -- -- 14 16 13

BL13 -- -- -- 22 22 20 -- -- -- 20 20.5 18

IN1b -- -- -- 8 6.5 10 -- -- -- 12 11.5 11.5

BR12 -- -- -- 18 18 22 -- -- -- 20 19 22

GR19 -- -- -- 16 15.5 12.5 -- -- -- 8.5 9.5 9
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Appendix 6. Environmental variables used to develop environmental effects scores for 15 sampling sites in Johnson County, Kansas, 2003 and 
2004.

[mg/L, milligrams per liter; PAHs, polycyclic aromatic hydrocarbons; µg/mg, micrograms per milligram; <, less than]

Site 
identifier 

(fig. 2)
Stream and location

Imper-
vious 

surface 
(percent)

Imper-
vious 

surface, 
propor-
tionally 
scaled

Total 
nitrogen 
in water 
samples 
(mg/L)1

Total 
nitrogen, 
propor-
tionally 
scaled

Total 
PAHs in 

sediment 
samples 
(µg/mg)1

Total 
PAHs, 

propor-
tionally 
scaled

Environ-
mental 
effects 
score

BL3 Blue River near Stanley (Highway 69) 3.1 96.1 0.57 96.1 11 99.9 292

BL5 Blue River at Kenneth Road 3.5 95.0 .59 95.9 30 99.7 291

IN3a Indian Creek at College Blvd 28.7 26.9 14 1.0 8,270 17.4 45

IN6 Indian Creek at State Line Road 27.6 29.9 13 13.8 9,917 1.0 45

TO2 Tomahawk Creek at 111th Street 21.6 46.3 1.3 91.2 5,127 48.8 186

TU1 Turkey Creek at 67th Street 38.3 1.0 .90 93.8 2,463 75.4 170

MI1 Mill Creek at 127th Street 34.2 12.1 .82 94.4 2,134 78.7 185

MI4 Mill Creek at 87th Street Lane 20.9 48.0 6.1 57.6 1,600 84.0 190

MI7 Mill Creek at Johnson Drive 15.0 63.9 1.5 89.7 1,471 85.3 239

CE1 Cedar Creek at Old Highway 56 9.6 78.6 1.5 89.8 2,063 79.4 248

CE6 Cedar Creek near DeSoto (83rd Street) 6.1 88.2 2.2 84.6 91 99.1 272

KI5 Kill Creek at 135th Street 4.7 91.7 .74 94.9 <50 100.0 287

KI6b Kill Creek at 95th Street 3.9 93.9 .60 95.9 423 95.8 286

BI1 Big Bull Creek near Edgerton Road 2.4 98.1 1.2 91.8 15 99.9 290

CA1 Captain Creek at 119th Street 1.7 100.0 <.05 100.0 24 99.8 300
1Average of two samples.
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