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1. Executive Summary
A Stressor Identification (SI) was completed for Dry Run Creek (Segment No. IA 02CED-0390) located in the city of Cedar Falls (western Black Hawk County). Dry Run
Creek flows into the Cedar River. This waterbody is identified on Iowa’s (Section 303(d))
list of impaired waters as impaired for aquatic life use, cause unknown. The goal of this
SI was to determine the primary causes of biological impairment including any pollutant
for which a Total Maximum Daily Load (TMDL) is required.
The first biological assessment of Dry Run Creek (DRC) was conducted in 1992. The
assessment discovered evidence of biological impairment, including low abundance of
fish and cited a lack of substrate diversity as a factor in the impairment. In 1996 a fish
kill, totaling about 60 fish was reported along the impaired segment of DRC. Additional
biological sampling conducted in 1999 indicated that reduced biotic condition index
levels existed in the stream segment designated for aquatic life uses. Readily available
stream data and information about the watershed were assembled and a weight of
evidence approach was used to evaluate candidate causes of impairment. The
evidence review process considered data for proximate stressors including biological,
chemical, or physical agents that directly impact stream biota, and additional data
representing intermediary steps in causal pathways that connect stressor sources and
biological effects.
Despite some data limitations, the evidence was sufficient to identify the following
primary stressors, all of them are capable of causing a biological impairment in the DRC
watershed:
• Elevated levels of bedded sediments
• Reduced macro and micro habitat availability
• Excessive storm water inputs and hydrologic alterations
Depending upon the causal mechanism, primary stressors can manifest as short-term
acute impacts or long-term chronic impacts to aquatic biota. To restore the biological
condition of the stream to unimpaired status, the TMDL and implementation plans need
to address each of the primary stressors and multiple causal pathways that occur in the
watershed.
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2. Introduction
This Stressor Identification (SI) for Dry Run Creek (305b Segment No. IA 02-CED-0390)
has been completed to identify the causes of biological impairment including any
pollutants a Total Maximum Daily Load (TMDL) can address.
A major goal of this SI was to determine whether the impairment was caused by a
pollutant (e.g., ammonia) or a non-pollutant type of stressor (e.g., channelization); a nonpollutant stressor would not require a TMDL. Regardless of the cause a complete SI
identifies all causal agents and pathways responsible for impairing the aquatic biological
community.

2.1 Watershed Features
The surface watershed of DRC is located near the center of the Iowan Surface
ecoregion (Figure 1). The Iowan Surface (47c) ecoregion is a geologically complex
region located between the bedrock-dominated landforms of the Paleozoic Plateau
region and the relatively recent glacial drift landforms of the Des Moines Lobe (Prior
1991; Griffith et al., 1994). The southern and southeastern border of this ecoregion is
irregular and crossed by major northwest-to-southeast trending stream valleys. In the
northern portion of the region, glacial deposits are thin and shallow limestone bedrock
creates karst features such as sinkholes and sags. There are no natural lakes of glacial
origin in this region, but overflow areas and backwater ponds occur on some of the
larger river channels, providing diverse aquatic habitat and a large number of fish
species.
At the confluence with the Cedar River in Cedar Falls, DRC is a third-order stream
draining 15,248 acres in western Black Hawk County (Figure 2). Current land use in the
watershed is a mix of agriculture and urban. Row crop agriculture dominates the
landscape in the upper portions of the watershed. Most of the first order tributaries
contain agricultural land in the riparian corridor (Figure 3). Roughly 55 percent of the
watershed is currently utilized for row crop agriculture and 4 percent is used as grazed
grassland. The central and lower portions of the watershed have been urbanized over
the past 100 years with the growth of the Cedar Falls area. Based on the 2002 land
cover data 22 percent of the watershed is in urban land use and more than 9 percent of
the watershed surface is impervious. Urbanization in the central portions of the
watershed was especially rapid over the last decade (Figure 4). Urban development in
the DRC watershed was determined on a yearly basis utilizing GIS information from the
Black Hawk County assessor’s office. Certain areas of the watershed have experienced
a 200 percent increase in urban land use over the last decade. Sub-watersheds “4” and
“8” along the southeastern branch of DRC have the highest percent increase in the
watershed over the past decade. This increase is due in large part to the rapid
expansion of an industrial park and several housing developments at the edge of city
limits.
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Figure 1 The location of the Dry Run Creek Watershed relative to the Iowan Surface
Ecoregion
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Figure 2 Sampling locations and permitted point source dischargers in the Dry Run Creek
Watershed
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Figure 3 Land uses in the Dry Run Creek watershed based on 2006 aerial photography
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Figure 4 Dry Run Creek percentage of total urban development in 10 year increments back
to 1975
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The DRC watershed includes seven permitted point sources:
• One semi-public waste water treatment plant
o Cedar Falls Mobile Home Village
• Four industrial sources
o Cedar Falls Utilities
o University of Northern Iowa
o Quad State Gauging & Measurement
o Nazareth Lutheran Church
• Two MS4 permits
o The City of Cedar Falls
o The University of Northern Iowa
Facility statistics including treatment type and effluent limits for Cedar Falls Mobile
Village and the NPDES permitted industrial sources are listed in Tables 1 and2.
Table 1 WWTP in the Dry Run Creek Watershed

Facility
IA NPDES #
EPA #
Treatment type
CBOD5 (mg/l)2
TSS (mg/l) 2
pH2
AWW (mgd)3
Population Equiv.
1.
2.
3.

Cedar Falls Mobile
Home Village (pond 1)
0709600
IA0064033
1-cell lagoon1
25 (30-d)
80 (30-d)
6.0 to 9.0
0.032
240

Cedar Falls Mobile
Home Village (pond 2)
0709600
IA0064033
2-cell lagoon1
25 (30-d)
80 (30-d)
6.0 to 9.0
0.0135
114

These are controlled discharge treatment facilities that provide 180 days of wastewater storage.
These are the NPDES permit limits for this facility.
The AWW is 180-day average wet weather flow.

Table 2 Permitted industrial point source dischargers in the Dry Run Creek Watershed

Facility

Cedar Falls
Utilities

IA NPDES #
EPA #
Type of discharge

0709102
IA0002534
Cooling
water
blowdown

Flow Max daily (mgd)1
TSS (mg/l) 1
pH1
Chlorine total (mg/l) 1
Temp ºF (Max) 1
Chromium (mg/l) 1
Copper (mg/l) 1
Iron (mg/l) 1
Oil & Grease (mg/l) 1
Zinc (mg/l)
1.

10.4
30 (30-d)
6.0 to 9.0
0.017 (30-d)

Nazareth
Lutheran
Church
0709801
IA0080047
Noncontact
cooling
water

Quad State
Gauging &
Measurement
0709108
IA0074071
Non-contact
cooling water

6.0 to 9.0
1.07 (30-d)
90.9

6.0 to 9.0

0.2 (30-d)
0.037 (30-d)
0.11 (30-d)
15 (30-d)
1 (30-d)

University of
Northern Iowa
0709501
IA0063941
Boiler
blowdown &
non-contact
cooling water
30 (30-d)
6.0 to 9.0
0.053 (30-d)
0.2 (30-d)
7.4 (30-d)
1 (30-d)

These are the NPDES permit limits for the facility
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2.2 Stream Flow and Water Quality
It is important to examine flow data at several scales to form a complete picture of
stream flow within the DRC watershed. Yearly and seasonal trends were determined
using the USGS Cedar River gauge at Cedar Falls; located near the confluence of DRC
with the Cedar River. Stream discharge data from this gauge (Figure 5) illustrates a
seasonal pattern for stage height within the Cedar River from January 2003 to
December 2007. Similar to many watersheds in Iowa, peak annual flow typically occurs
in the spring and summer while lower flows typically occur in the fall and winter. An
exception to this trend occurred in 2007 when an abnormally wet late summer, fall and
early winter produced flooding. In general this pattern represents a seasonal pattern of
spring snow melt and increased precipitation during the spring and summer seasons.

Figure 5 Historic stage height of the Cedar River at Cedar Falls depicting a general
seasonal trend of wet springs and summers and dry autumns and winters.

The months of September and October 2007 were marked by several large rainfall
events as evidenced by changes in flow (Figure 6) at the upstream end of the impaired
segment of DRC (Figure 2) depicting a very flashy system that peaks and falls to base
flow rapidly. The return to steady base flow of approximately 20 cfs indicates a
sustained input from the coolant water discharges and ground water flow. During the
time period when soil was saturated, even small rain events led to a quick response by
the stream, as seen in the comparison of stream discharge to precipitation (Figure 7). A
discussion of the impacts of urbanization on the hydrology of this stream network is
located in the section on increased storm water inputs.
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Figure 6 Relationship between flow and stage over time
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Figure 7 Response of stream stage to rain events
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Water quality characteristics measured at DRC sampling sites located in the middle to
lower sections of the watershed (Figure 2) are generally indicative of highly urbanized
land uses (Appendix 2; Table 2-1 to 2-3). Elevated concentrations of chloride were
detected at several monitoring sites located in this region of the watershed. High
chloride concentrations are commonly found in urbanized stream systems. Further
evidence of urban influence on water quality was observed during event sampling at two
locations in the urbanized section of the watershed. In 18 storm event samples there
were a total of 13 pesticides, three combustion chemicals, seven metals and two plastic
degradation products detected (Appendix 2; Table 2-11). The urbanized portion of
DRC’s surface watershed is the likely source of this combination of chemicals.
Water samples from sites located in the rural areas of the watershed reveal
concentrations of nutrients and suspended sediments representative of an agricultural
landscape. The levels of these water quality parameters are at or slightly above those
from least disturbed 47c ecoregion reference stream sites.

2.3 Biological Impairment
The SI watershed includes the entire DRC HUC 12 Watershed (HUC ID 070802050401)
which contributes to the 2.8 mile impaired segment of DRC (Segment No. IA 02-CED0390) (Figure 2). The impairment on DRC was originally attributed to data from a 1992
IDNR Stream Use Assessment (SUA) and was first reported in the 1994 Section 305(b)
report. The 1992 SUA data and the occurrence of a fish kill in 1996 were combined to
continue the assessment of DRC as “partially supporting” aquatic life uses in the 1998
report. This assessment was not carried forward to the 2000 report. For the 2002
report, DRC was assessed as “partially supporting” aquatic life uses on the basis of
biological sampling conducted in 1999 for the DNR/UHL stream biocriteria project. The
designated use segment of DRC was placed on Iowa’s 2002 303d list of impaired waters
and identified as a biological impairment due to unknown causes. Additional details
about the assessments are provided below.
In June of 1992 fish sampling and visual habitat assessments were conducted on DRC
as part of an IDNR SUA. The following was documented during the SUA: (DRC had)
“Relatively little diversity of substrate and only fair development of pool/ riffle
sequences”, “Fair diversity of fish species, but generally low abundances observed.
Urban land use is probably a major contributor to degradation of stream”. As a result of
this sampling the Section 305(b) water quality assessment for Class B (aquatic life)
designated uses was assessed as “partially supporting.” DRC was not biologically
assessed again until 1999; however on July 25, 1996 a fish kill was reported which
affected 0.3 miles of stream and killed over 60 fish. No data which could identify the
cause of the kill was available.
The 1999 biological sampling in DRC was conducted as part of the IDNR/UHL Stream
Biocriteria Project. Benthic macroinvertebrate and fish sampling results from the 1999
sampling in the DRC watershed are summarized in Appendix 2 (Tables 2-19 & 2-20).
Follow-up sampling was conducted in 2005 at the original 1999 site (DRC 1) and one
additional site (DRC 4) to further investigate the aquatic life use impairment. The
biological data collected at the sampling sites included fish species richness, abundance
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and health that were used to develop a Fish Index of Biotic Integrity (FIBI) and benthic
macroinvertebrate species richness and abundance data that were used to develop a
Benthic Macroinvertebrate Index of Biotic Integrity (BMIBI). The 2005 FIBI scores from
DRC watershed sites 1 & 4 (Fig. 8) was significantly lower than the FIBI reference
biological impairment criterion (BIC) used to determine aquatic life use support status
(Table 3). Benthic macroinvertebrate sampling at the same sites also uncovered a
community with BMIBI scores well below the ecoregion BMIBI BIC. Standard biological
data assessment procedures (IDNR 2004) were applied to sampling results from 2005.
Based on this analysis, the Section 305(b) water quality assessments for 2006 biennial
reporting cycle reported the status of Class B (aquatic life) designated uses as “partially
supporting” and DRC remained on the Section 303(d) list of impaired waters. Also
during 2005, biological sampling was conducted using the IDNR Rapid Bioassessment
Protocol (RBP) at 12 sites located in the DRC watershed (Fig 8). The RBP data set was
obtained to provide a broader characterization of stream biological conditions across the
watershed.
The BMIBI and FIBI scores rank the stream biological condition on a rising scale from 0
(minimum) to 100 (maximum) (Appendix 1; Tables 1-2 & 1-3). The BMIBI and FIBI
scores from sampling locations in the DRC watershed (Table 3) are mostly in the range
described as “Fair” stream biological condition. The shaded columns in Table 3 list the
BIC that are determined from ecoregion reference stream sites (IDNR 2005 b). The
BMIBI and FIBI scores from all sampling years and locations in the DRC watershed are
below the reference BICs. These results provide reasonably strong evidence that the
biological impairment is consistent across space and time. At site DRC1, both the BMIBI
and FIBI scores declined approximately 12% from 1999 to 2005. However, the level of
change is within the interannual range of IBI variation measured among least disturbed
reference sites; therefore, a declining trend can not be inferred from these limited data.
Table 3 Index of Biotic Integrity scores for benthic macroinvertebrates (BMIBI) and fish
(FIBI) from the DRC watershed

Site
DRC 1
DRC 1
DRC 4

Year
1999
2005
2005

BMIBI
48
42
38

BMIBI Biological
Impairment
Criterion (BIC)
70
70
70

FIBI
50
44
38

FIBI Biological
Impairment
Criterion (BIC)
44
44
65

The IBI results are the primary evidence of aquatic life use impairment in the DRC
watershed. In terms of the diagnosis of stream problems, however, the IBI’s are not as
useful as the individual metrics that comprise them. Each metric contains unique
information about the stream biological community and reflects somewhat distinctive
responses to environmental perturbations. Therefore, the IBI metrics from DRC
watershed sites (Appendix 2; Tables 2-19 & 2-20) have been analyzed in an effort to
extract more specific information about the biological impairment and what the metric
responses suggest about the types and magnitude of environmental stressors that are
affecting the aquatic community. The full biological sampling FIBI and BMIBI metric
scores were analyzed two ways: 1) by comparing the metric scores to regional reference
site metric scores and 2) independently analyzing by site, the metric score contribution
(or lack of) to the overall index score.
- 11 -

The observed differences in FIBI data metric levels between sites and sampling years
make it difficult to single out the most degraded aspects of the Dry Run Creek fish
community. A comparison of 1999 and 2005 FIBI metric data from DRC1 with reference
stream site metric levels shows inconsistencies in the metrics of greatest departure from
reference levels (Appendix 2; Table 2-21). These inconsistencies suggest that stream
habitat conditions that fish populations respond to have been dynamic in the recent past.
A comparson of 2005 FIBI metric levels at DRC1 and DRC4 also suggests there are
important spatial differences in fish assemblages within the watershed.
In 2005, six FIBI metrics were rated as either marginal or not comparable to reference
site metric levels at both DRC1 and DRC4: 1) number of native species; 2) number of
sensitive species; 3) number of benthic invertivore species; 4) percent abundance three
most abundant species; 5) percent abundance simple lithophilous spawning fish; 6) fish
tolerance index. Only the percent abundance three most abundant fish species metric
was evaluated as not consistent with reference levels at both sites.
The BMIBI metrics were generally more consistent than FIBI metrics across sample
years and sites (Appendix 2; Table 2-22). Two metrics were evaluated as not
consistent with reference conditions in all three samples: multi-habitat (MH) number of
sensitive taxa and standard habitat (SH) percent abundance scraper organisms. In
2005, three additional metrics were considered not consistent with reference conditions
at both DRC1 and DRC4: MH number of EPT taxa; MH number of EPT taxa; SH percent
abundance of Ephemeroptera (mayflies).
Each IBI metric relates to a different aspect of the aquatic community and provides
useful insight to potential impairment causes. Descriptions of the FIBI and BMIBI
metrics and their ecological relevance can be found in Section Three of the IDNR report,
“Biological Assessment of Iowa’s Wadeable Streams”
(http://wqm.igsb.uiowa.edu/wqa/streambio/index.html) (Wilton 2004).
The Rapid Bioassessment Protocol (RBP) sampling data were analyzed similarly to full
biological sample data with respect to metric analysis and comparison with reference
conditions. Three benthic macroinvertebrate data metrics and four fish assemblage
metrics were calculated from the RBP sampling data set (Appendix 2; Tables 2-23 & 224). The metric data scoring criteria were developed and calibrated using the reference
site data for the Iowan Surface (47c) ecoregion. Metric scoring criteria were developed
using the data trisection procedure and 5, 3, 1 numeric rating system (Karr et al. 1986).
After rating each individual metric, averages of the benthic macroinvertebrate metric
ratings, fish metric ratings, and combined aquatic community metric ratings were
obtained. RBP metric ratings were also calculated for the full biological sampling sites,
DRC1 and DRC4, which allowed for a comparison of RBP and full biocriteria
assessment approaches.
The overall mean of site fish metric ratings was 2.63 (not consistent with reference
condition) compared with 3.49 (marginally consistent) for the benthic macroinvertebrate
overall site mean (Appendix 2; Tables 2-23 & 2-24). Eight of fifteen sites (53%)
analyzed had an average RBP fish metric rating evaluated as not consistent with
- 12 -

reference expectations, compared with four sites (27%) evaluated not consistent for
benthic macroinvertebrates. From these results it is tempting to conclude the fish
community is more seriously impaired than the benthic macroinvertebrate community.
However, it must be remembered the benthic macroinvertebrate data represent familylevel taxonomic identifications compared with species level for fish. Very possibly, some
ability to discriminate RBP sites from reference site metric levels is obscured by
conducting the benthic macroinvertebrate analysis at the more generalized family
taxonomic level.
With respect to the combined averages of benthic macroinvertebrate and fish metric
ratings, 40% (6/15) of the RBP sites had an average rating considered not consistent
with reference conditions. Within the watershed, the strongest evidence of biological
impairment was found at the two full biological sampling sites located on the originally
impaired segment, as well as the four RBP sites on the southeast branch of DRC
(Appendix 2; Tables 2-23 & 2-24). Only RBP site #11 on the northeast branch had
benthic macroinvertebrate and fish metric ratings that are considered consistent with
reference levels.
In regards to specific metrics, the overall site means for three of the four RBP fish
metrics were evaluated as not consistent with reference conditions (Appendix 2; Table
2-23). The fish tolerance index metric had the overall lowest ranking (2.07), with 8 of 15
(53%) of sites evaluated not consistent with reference levels. Among RBP benthic
macroinvertebrate metrics, the number of EPT taxa metric had the lowest overall ranking
(3.13), with 4 of 15 sites (27%) of the sites evaluated as not consistent (Appendix 2;
Table 2-24).
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Figure 8 Dry Run Creek biological sampling locations
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Figure 9 Dry Run Creek water quality sampling locations

- 15 -

3. Stressor Identification Process
Iowa’s SI procedures (IDNR 2005) are adapted from technical guidance documents
developed by the U.S. EPA (2000, 2005). The EPA also supports an on-line resource
named “Causal Analysis/Diagnosis Decision Information System” (CADDIS)
(http://cfpub.epa.gov/caddis/) where SI-related information and tools are available.
.

3.1 Candidate Causes and Theoretical Associations
Candidate causes for SI analysis are chosen from the IDNR generalized list of aquatic
life use impairment causes (IDNR 2005). The candidate cause list includes most of the
pollutant and non-pollutant based causal agents that are known to adversely impact
aquatic life in Iowa’s rivers and streams. It is important to note that candidate causes
are identified at varying scales and degrees of separation from the proximate stressor
that actually elicits an adverse in-stream biological response. Conceptual models
(Appendix 3) are used to illustrate the mechanisms and pathways that link activities or
sources in a watershed with proximate stressors. From this perspective, an impairment
cause can be viewed more broadly as encompassing the stressor itself, the activities or
sources that produce the stressor, and the mechanism(s) and pathway(s) by which the
stressor is manifested in a stream. Conceptual models are also a useful means of
organizing the evidence review process, which is discussed later (section 3.4).
A ranking process is used to reduce the master list of candidate causes to a
manageable size. After a cursory review of sampling data, watershed land use and
other pertinent information, each candidate cause is assigned a rating (high, medium,
low) based upon the relative probability any given cause, by itself, could be responsible
for the observed impairment. The final ratings are obtained by consensus opinion
among SI team members (usually 5 or 6 individuals). Candidate causes ranked as
medium or high probability are selected for the analysis of causal association. While not
completely eliminated, candidate causes ranked as low probability are not advanced for
further consideration. Low probability candidate causes can be reconsidered should the
evidence analysis process fail to identify likely causes from the primary list.
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Table 4 Dry Run Creek Watershed aquatic life use impairment candidate causes and
probability rankings: (1) high; (2) medium; (3) low.

•

Toxins (sediment and water)
o Metals
 Arsenic (2.5)
 Cadmium (2.5)
 Chromium (2.5)
 Copper (2.5)
 Lead (2.5)
 Mercury (2.5)
 Selenium (2.5)
 Zinc (2.5)
 Other
o

o

•

•Habitat Alterations
o Bank erosion (1.5)
o Channel incision / loss of
floodplain connectivity (2)
o Channel Straightening (1)
o Dewatering (3)
o Excessive algae/macrophyte
growth (2.5)
o Flow impoundment (3)
o Lack of woody debris /
channel roughness and
structure (2)
o Physical barriers (1.5)
o Riparian vegetation loss (1)
o Sedimentation (2)

Non-Metals
 Chlorine (1)
 Cyanide (3)
 Oil / grease (2)
 PAHs (2)
 Pharmaceuticals (3)
 SOCs (3)
 Unionized ammonia (2)
 Other
Pesticides
 Fungicides (3)
 Herbicides (2)
 Insecticides (1.5)
 Other

•Hydrologic Alterations
o Flow diversion (3)
o Flow regulation (dams) (2)
o Pumping (withdrawals) (3)
o Subsurface tile drainage (2)
o Urban stormwater outfalls (1)
o Wetland loss (3)

Water quality characteristics
o Chlorophyll a (2)
o Dissolved oxygen (1)
o Nutrients
 Nitrogen (2)
 Phosphorus (2)
o pH (3)
o Salinity / TDS (2)
o Turbidity / TSS (1.5)
o Water temperature (2)

•Exotic/Introduced Species and Other
Biotic Factors
o Competition (3)
o Disease (3)
o Endrocrine disruption (3)
o Harvest (3)
o Refugia depletion/isolation
(2)
o Predation (3)
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3.2 Analysis of Associations
The analysis of associations is a multi-step process comprised of thirteen types of evidence
consideration (Table 5). The analysis begins with a consideration of the temporality and spatial
co-occurrence of the stressor and effect. These two considerations examine the evidence
indicating whether a given stressor and detrimental stream biological response occur at the
same time in the same place.

Table 5 Evidence considerations that comprise the analysis of stressor-effect associations (U.S.
EPA, May 2005: Handbook for characterizing causes. Eighth Edition).
Evidence Consideration
Description
The effect occurs when the candidate cause occurs and the effect is
Temporality
absent when the candidate cause is absent.
The effect occurs where the candidate cause occurs, and the effect is
Spatial Co-occurrence
absent where the candidate cause is absent.
Biological gradient
Effects decline as exposure declines over space and time.
A causal pathway is present representing the sequence of events that
Complete causal pathway
begins with the release or production of a stressor from a source and
ends with an adverse biological response.
Mechanistically plausible
Evidence is available from the site or elsewhere that the causal
causal pathway
mechanism is plausible.
Plausible effect given
Site exposures are at levels that cause effects in the laboratory, in the
stressor-response relationship field, or in ecological process models.
Repeated observation of the effect and candidate cause in different
Consistency of association
places or times especially if the methods of measurements are diverse.
Analogy
Similar candidate causes have been shown to cause similar effects.
Specificity of cause
Specific effect occurs with only a few causes
Toxicity tests, controlled studies, or field experiments (site specific or
Manipulation of exposure
elsewhere) demonstrate that the candidate cause can induce the
observed effect.
Candidate cause results in other predicted conditions not encompassed
Predictive performance
by the initially observed effects.
The hypothesized relationship between cause and effect is consistent
Evidence Consistency
across all available evidence.
There are no inconsistencies in evidence or some inconsistencies that
Evidence Coherence
can be explained by a possible mechanism.

Upon review, the DRC data set was determined inadequate for examining temporal
relationships of stressors and effects. A major hindrance to considering this line of evidence is
the lack of coordinated monitoring for stressors and effects over time. There was not a clear
sequence of evidence demonstrating that the stressor(s) were introduced into the stream prior
to the onset of degraded biological conditions.

3.3 Spatial Co-occurrence and Stressor-Response Relationships
The evidence considerations for Spatial Co-occurrence and Plausible Effect Given StressorResponse Relationship involved comparison of sampling data from the DRC watershed with
data collected for the IDNR stream biological assessment program initiated in 1994. DRC
sampling data and benchmarks were reviewed for spatial co-occurrence and stressor-response
evidence considerations. For spatial co-occurrence, DRC stressor indicator data were
compared with interquartile data ranges (IQR: 25th to 75th percentile) for stream reference sites
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within the Iowan Surface Ecoregion (47c). In cases where reference data were not available,
DRC sampling data were compared with data from the statewide probabilistic (random) survey
of perennial streams, a sampling project adapted from the U.S. EPA’s Regional Environmental
Monitoring and Assessment Program (REMAP). Other benchmarks such as maximum or
minimum ecoregion reference values, state water quality standards, or mean values from
statewide random survey sites were applied in lieu of the reference IQR. A stressor was
deemed present at a site when the appropriate indicator value exceeded the benchmark value.
The next step was to determine whether the stressor exists at a level that is expected to elicit
adverse effects to the aquatic community. This analysis of stressor response was done by
examining stressor-response relationship curves developed from Iowa’s statewide stream
bioassessment database. The database contains sites with BMIBI and/or FIBI scores as well as
water quality and stream habitat measurements. A description of conditional probability, one
technique used to evaluate stressor-response relationships may be found in Appendix 1,
Section D. In lieu of data sufficient to develop relationship curves from ecoregion or statewide
data, stressor levels were determined using water quality standards for acute and chronic
toxicity, EPA or other government agency biotic threshold values, or stressor relationships
obtained from scientific literature.

3.4 Complete Causal Pathway
Following the evaluation of spatial co-occurrence and stressor-response relationships, the
available stream and watershed information were reviewed to determine the plausibility of
hypothesized causal pathways linking sources to biological impairment. Similar to the approach
used for considering co-occurrence and stressor-response relationships, data from DRC were
compared to interquartile data ranges from reference sites within the 47c ecoregion or data
ranges for statewide random survey sites. The indicator data and other relevant information
were evaluated qualitatively and/or quantitatively to evaluate the evidence supporting each
hypothesized causal pathway. The results of this evaluation process are shown in the causal
pathway conceptual model diagrams in Appendix 3.

3.5 Strength of Evidence
The U.S. EPA (2005) handbook for characterizing causes served as the primary guidance
document for evidence analysis and ranking. The main types of evidence consideration utilized
in this SI are: Spatial Co-occurrence; Plausible Effect Given Stressor-Response Relationship;
Complete Causal Pathway and Consistency of Association. All of these evidence
considerations incorporated data from DRC along with ecoregion-specific or statewide sampling
data. The DRC sampling data were not sufficient to perform the Temporality and Biological
Gradient evidence considerations. The review team was unable to identify any analogous
stressor-response scenarios; therefore, the Analogy line of evidence contributed nothing to the
DRC SI. Other lines of evidence were selectively applied depending on the stressor and
data/evidence. The results of the strength of evidence analysis are summarized in Table 6.
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Consistency of
association

Mechanistically
plausible causal
pathway

↑ Chloride/TDS
Physical barriers

Complete causal
pathway

↓ Dissolved
Oxygen
∆ Seasonal
temperature
fluctuation
↑ Temperature
↓ Diurnal
temperature
fluctuations
↓ Macro-habitat
Complexity
↓ Instream Cover
/ Epifaunal Microhabitat
↑ Insecticides
↑ Herbicides
↑ Un-ionized
Ammonia
↑ Chlorine
↑ Oil / grease
↑ PAH’s

Biological gradient

↓ Allochthonous
food resources

Co-occurrence

Proximate
Stressor
↑ Peak Discharge
Frequency &
Magnitude
↑ Low Flow
Frequency &
Magnitude
∆ in daily or
seasonal flow
patterns
↑ TSS / Turbidity
↑ Sedimentation
↓ Primary
producer
composition

Temporality

Table 6 Summary of strength of evidence analysis results for proximate stressors
Evidence Consideration

4. Primary Causes
The proximate stressors identified during the SI process (not ranked by order of importance)
are:
• Increased urban storm water inputs
• Increased suspended and bedded sediment
• Decreased macro-habitat complexity and decreased in-stream cover
Problems associated with habitat in the DRC watershed are directly tied to storm water and instream sediment processing (storage and transport) characteristics. Therefore the discussion of
habitat alterations and the associated potential impacts on stream biota are embedded in the
two sections for storm water and sediment. The supporting evidence for each primary cause
(i.e., proximate stressor and associated causal pathways) is described below.

4.1 Increased Urban Storm Water Inputs
Although the exact mechanism may be hard to identify, it is clear that storm water contribution
from urban areas can greatly depress in-stream biological conditions. Multiple studies have
shown a linkage between increased urbanization and alterations in community composition,
reduced taxa richness and diversity, and an increase in pollution tolerant taxa in
macroinvertebrate communities (Stepenuck et.al. 2002; Booth and Jackson, 1997; Jones and
Clark, 1987). Studies conducted on 43 southern Wisconsin streams showed that levels of
imperviousness between 8 - 12 percent represented a threshold where minor increases in
urbanization were associated with sharp declines in macroinvertebrate communities (Stepenuck
et.al. 2002). Additional studies in the same streams showed that number of fish species per site
and fish IBI scores were consistently low in watersheds with greater than 10 percent
imperviousness (Wang et. al. 2000).
Overall, 9 percent of the DRC watershed surface is covered by impervious surfaces.
Urbanization in the central portions of the watershed has increased significantly over the last
decade (Figure 4). Data on urban development in the DRC watershed, determined on a yearly
basis utilizing GIS information from the Black Hawk County assessor’s office, showed that
certain areas of the watershed have experienced a 200 percent increase in urban land use over
the last decade. Sub-watersheds 4 and 8 along the southeastern branch of DRC had the
highest percent increase in the watershed over the past decade.
The increased volumes and delivery rates of storm water flow from urbanized sections of the
DRC watershed have significant impacts, direct and indirect, on stream biota. Increases in
stream flow velocities directly impact biota through increased hydraulic scour of benthic
surfaces. Organisms exposed to these shear forces may be dislodged and transported
downstream, experience stresses that reduce reproduction and feeding efficiency, or may suffer
from direct mortality. Increased in-stream velocities also have indirect impacts on stream biota.
Large increases in stream velocity can scour periphyton, which mainly grows on the upper
surfaces of benthic substrate, reducing food available for organisms in the scraper feeding guild.
Scraper organism proportional abundance at the DRC 1 and DRC 4 full biological sampling
sires was lower than the 25th percentile of ecoregion reference sites (Appendix 2; Table 2-19).
Increases in magnitude and frequency of peak velocities can destabilize the stream bed
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resulting in frequent mobilization of benthic surfaces. This reduces colonization potential and in
extreme cases may result in the direct burial of organisms.
Rapid increases in stream velocities can exert pressures on more than just the biota in the
stream system. Increases in peak velocity will result in changes in channel geomorphology.
Typical reactions include channel incision (bed degradation) followed by channel widening
(streambank sloughing/erosion). These channel adjustments are a direct response to increased
flow and are predictable and constant across landscapes (Lane, 1955; Schumm, 1999; Simon,
1989). Large scale changes in channel form impact micro and macro habitat stability and
availability, placing stress on resident biota; this is corroborated by biological sampling results.
For example, levels of benthic macroinvertebrate metrics at DRC 1 and DRC 4 that relate to
macro- and micro- scale habitat complexity and stability (e.g., multi-habitat total taxa richness,
multi-habitat EPT taxa richness) were reduced compared with expected levels from ecoregion
reference sites. Fish species richness, another diagnostic indicator of overall habitat
complexity, was lower at DRC 1 and DRC 4 in 2005 compared with reference expectations
(Appendix 2; Table 2-19 & 2-20).
Channel and floodplain modification and changes in discharge caused by changes in watershed
land use may alter physical features of the stream network. This includes, peak discharge,
lateral and longitudinal connectivity, sediment transport characteristics, and the retention and
accumulation of woody debris and organic materials. The quantification of peak discharge
velocities during storm events in DRC could not be accurately calculated due to a lack of
velocity measurements at high flow conditions. Field crews responding to storm event sampling
indicated the time period between peak discharge conditions and baseflow was too short to take
manual measurements in the stream. Field crew reported that “Just hours after major rain the
flood peak has passed through the channel system and we can barely tell that the stream had
ever even come up”. Changes in stream stage recorded (by ISCO 6712 auto sampler units
outfitted with bubble lines) during rain fall events (Figure 10) uncover a flow regime
characterized by rapid fluctuations in short periods of time. These extreme swings in flow are in
direct response to the riparian and upland watershed land use conditions.
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Figure 10 Stream stage at DRC 4 during a storm event

Habitat data collected at both full biological and RBP sites indicated that altered geomorphic
conditions exist throughout the watershed. Width-to-depth ratios collected at sites DRC 1 and
DRC 4 were 18.6 and 10.1 respectively. These width-to-depth ratios fall into the range that
indicates channel incision/bed degradation. This is supported by observations noted by field
staff during RBP biological sampling throughout the watershed. At eight of the 13 RBP sites,
field staff indicated a lack of channel sinuosity and at 10 of 13 sites, deep channel incision was
noted. These observations combined with known land use history of the watershed indicate that
in addition to urban runoff, peak velocities in the stream are likely increased as a result of
widespread channelization. Stream channelization removes stream meanders, increases
stream gradient, shortens stream length, and decreases in-channel water and sediment storage
capacity. The result of this activity is a channel that conveys water downstream in an extremely
efficient manner, placing further hydrologic pressures on in-stream features downstream of the
reach.
Comparisons between aerial photography from the late 1930’s and 2006 show many sections of
stream were channelized, removing outside bends, thus reducing channel length between the
1930’s and present day (Appendix 2; Figure 2-25). Stream reaches in DRC were digitized
from aerial photos from the 1930’s and 2006. A comparison of past and present stream
locations showed a 12 percent reduction in stream length over the last 70 years. Reduction in
stream length is most pronounced on the southeast branch of DRC where a 16 percent
reduction has occurred. It was not possible to develop a biological gradient related to channel
condition due to the poor biological conditions throughout all sampling sites along the stream.
However, some of the lowest biological rankings in the watershed were found along the
southeast branch. The southeast branch contained sites with five of the six lowest fish RBP
tolerance values, four of the six lowest macroinvertebrate tolerance values, the three lowest
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average fish RBP metric scores, and four of the five lowest benthinvertivore fish species metric
scores (Appendix 2; Tables 2-23 & 2-24). While degraded biological scores persist throughout
the watershed, overall the southeast branch exhibited the worst biological conditions (Appendix
2; Figures 2-9 & 2-10).
Impacts associated with storm water runoff are not limited to direct hydrologic effects.
Increased storm water runoff is consistently associated with an increase in pollutant loads.
Storm water pollutant loading is likely impacting the biological community in DRC. The degree
to which the impairment can be attributed to storm water pollutant loading or the contribution of
specific pollutants to the problem cannot be determined.
A total of 18 storm event samples were collected at DRC 1 and DRC 4 (Figure 9). Seven
samples were screened for 174 different chemicals and metals. A total of 13 pesticides, four
metals and two plastic degradates were identified in the water column (Appendix 2; Tables 2-8
& 2-9). All but one of the chemical and metal parameters present in the water column during
storm events occurred below known threshold levels of chronic or acute toxicity. The insecticide
Chlorpyrifos was detected at site DRC 1 on 8/5/2007 at a concentration of 0.05 µg/L. The EPA
recommended threshold values for chronic and acute Chlorpyrifos toxicity are 0.041 µg/L and
0.083 µg/L respectively (U.S. EPA 2006). Chlorpyrifos was detected in only one sample during
the three years of water quality monitoring on DRC and data from this investigation was
insufficient to determine whether Chlorpyrifos is a significant contributor to the impairment on
DRC. The detection limit for Chlorpyrifos at the University of Iowa Hygienic Laboratory is 0.05
µg/L. Therefore, it is possible that Chlorpyrifos occurs at levels significant to stream biota but is
not detected by current analysis methodologies.
Chloride, an ion common to urbanized watersheds, can impact freshwater biota by altering the
osmotic balance between an organism and the water in which it lives. Chloride loads commonly
enter freshwater streams through industrial and municipal point sources and via non-point runoff
from salted road and parking lot surfaces. Chloride concentrations in DRC tended to peak in
the late winter and early spring and then level off through the rest of the year. This trend
indicates that road salt application during the winter months is likely the primary source of
chloride in the watershed. In December, 2005 and in March, 2008 samples were taken at the
10 water quality monitoring sites (Figure 9) during melt water runoff events in an attempt to
capture the influx of chlorides from road salt. The five highest chloride values from the 2005
sampling (Appendix 2, Table 2-14) occurred along the south east branch at sites 1, 3, 5, 8,
and10 (Figure 9). Data collected during bi-weekly sampling in March of 2006 also showed the
highest chloride values in these sections of the stream network (Appendix 2, Figure 2-15).
The melt water sampling in the spring of 2008 were separated by 11 days (3/2/2008 and
3/13/2008). The first event represented the first major thaw of the season. The second event
occurred during a melt event accompanied by a rain event. Chloride concentrations were much
higher in the first event than in the second (Appendix 2, Tables 2-13-A & 2-13-B).
As with previous data collection, in each event some of the highest concentrations of chloride
were observed along the southeast branch of DRC. Sites 1, 3, and 5 had in-stream chloride
concentrations of 430, 360, and 470 mg/L respectively. Melt water sampling was expanded to
include major storm water outfalls during the 2008 sampling (Appendix 2; Figure 2-15).
Outfalls were selected on each of the major tributaries and represented commercial, residential
and industrial areas of town. During the initial snow melt event in 2008, outfalls 2, 4, and 7 had
the highest concentration of chloride (800, 560, and 400 mg/L respectively). At 72 inches,
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outfall number 4 is the largest storm water outfall in the watershed (Figure 11) and during storm
events has the potential to contribute a significant amount of flow to the stream. Discharge
measured at site DRC 5 and at outfall 4 during the March 2nd event provides evidence to this
assertion. The flow measured at outfall 4 was 6.85 cfs. Roughly a quarter mile downstream
and 20 minutes later at DRC 5 flow was measured at 9.13 cfs. Given these values, it appears
that outfall 4 was contributing roughly 75 percent of the stream flow at that location. This
underscores the huge impact the storm water system in this watershed has on in-stream
attributes (both chemically and physically).

Figure 11 Outfall # 4 during melt water event of March 2nd 2008

Sediment samples taken at DRC 1 and 4 uncovered six metals, three herbicides and three
combustion chemicals (Appendix 2; Table 2-10). Individual sample results for sediment metal
concentrations in DRC, specifically copper, lead and zinc, were higher than those at 47c
ecoregion REMAP sites (Appendix 2; Figures 2-3 to 2-8). However none of these exceeded
consensus based threshold levels set forth by MacDonald (et. al. 2000).
Pyrene, a chemical found in coal tar and is used to produce plastics, dyes and pesticides, was
found in three of the four sediment samples at levels exceeding consensus based sediment
quality guidelines set forth by MacDonald (et. al. 2000). The threshold value for ecological
impact put forth by this study recommended a pyrene concentration of 195 µg/kg. Sediment at
site DRC 1 was found to have a pyrene concentration of 510 µg/kg. Sediment samples at site
DRC 4 had concentrations of 940 and 330 µg/kg on two separate sampling dates. Relating
data collected during sediment sampling to in-stream biological conditions is difficult given that
only two sites were sampled for sediment. BMIBI & FIBI scores observed at the two sites were
not significantly different (Appendix 2; Tables 2-19 & 2-20). Neither the additive nor
synergistic impacts of the array of chemicals present in DRC can be quantified. The
complicated web of interactions that occur among and between these chemicals and the
organisms in DRC cannot be untangled. It is likely that the combined effects of the pesticides,
metals and other chemicals are having an adverse impact on biota attempting to inhabit this
system.
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Though it was not within the scope of this investigation to assess the stream for human health
concerns, it should be noted that potentially hazardous conditions exist in DRC. Several
chemicals, including a pesticide and wood preservative, Pentachlorophenol; a degreasing
agent, Tetrachloroethene and a PVC byproduct, bis(2-ethylhexyl)phthalate, were found at levels
above recommended human health thresholds (Appendix 2; Tables 2-8 & 2-9). Of particular
concern is the PVC byproduct bis(2-ethylhexyl)phthalate that was found at levels well above
EPA drinking water and fish consumption values in every storm event an analysis was
performed for the parameter. In one storm event the byproduct occurred at a concentration of
150 µg/L. The EPA recommended bis(2-ethylhexyl)phthalate threshold values for drinking
water and fish consumption are 1.2 & 2.2 µg/L respectively. On that date the PVC byproduct
concentration was 68 times the fish consumption criteria and 125 times the drinking water
criteria. Although Dry Run Creek is not designated as a drinking water source, it is alarming to
find bis(2-ethylexyl)phthalate (a chemical known to cause reproductive problems)
concentrations this high in any water body.

4.2 Increased Suspended and Bedded Sediment
Several sediment-related indicators provide evidence of sedimentation as a primary stressor in
the DRC biological impairment. Embeddedness is the degree that coarse rock substrates such
as gravels, cobbles, and boulders are surrounded or embedded within fine sediment particles.
Embeddedness is often evaluated in riffles or shallow runs where current velocities are normally
high enough to prevent excessive fine sediment accumulation. As sediment loading increases,
the large and small spaces between rocks become filled with fine sediment particles, making
this important habitat niche less suitable for invertebrates and fish that utilize it for feeding,
shelter, spawning, and egg incubation.
The examination of stressor-response plots from Iowa streams indicated embeddedness ratings
above 3.0 (40-60%) are associated with a higher probability of FIBI levels considered
biologically impaired in the Iowan Surface (47c) ecoregion. There is strong evidence that
embeddedness occurs at levels consistent with impairment at multiple locations in the DRC
watershed. The embeddedness rating for the two full biocriteria sampling sites, DRC 1 & DRC
4, was 4.0 and 3.5 respectively. This numeric range is equal to about 50-70 percent embedded.
The ecoregion reference site 75th percentile embeddedness rating is 2.53, which is roughly
equivalent to 30-50 percent. Simple scatter plots of embeddedness rankings from 47c
ecoregion reference sites and DRC sites clearly show that DRC sites have higher
embeddedness rankings than any reference site in the 47c ecoregion (Appendix 2; Figure 22).
Qualitative embeddedness ratings at 13 RBP sites ranged from poor to sub-optimal with a
median rating of marginal (50-75%). On the stressor checklist, field staff rated embeddedness
as excessive at five of the 13 (38%) sites. These sites were located along the main stem and
on two out of the four tributaries to DRC. DR1 and DR4 levels for several data metrics that
relate directly to the suitability of coarse rock substrates to support benthic macroinvertebrate
taxa and fish species that require un-embedded rock substrates for habitat, feeding or
reproduction were lower than ecoregion reference site expectations. These include: SH
Ephemeroptera Pct; SH Scraper Pct.; number Benthic Fish Sp. and percent Simple Lithophilous
Spawners (Appendix 2; Tables 2-21 & 2-22). Among RBP sample sites, the number Benthic
Fish Sp. metric was evaluated as not comparable to reference expectations at six of 13 sites
(46%) (Appendix 2; Tables 2-23 & 2-24).
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Silt is fine-grained, unconsolidated sediment that usually covers only a small amount of the
stream bottom in healthy stream systems. For example, the interquartile range for 47c
reference sites is 4-20 percent. Silt is easily suspended and transported downstream therefore,
it is usually found along the margins of streams and in stagnant pools. Silt can be a significant
component of turbidity reducing water clarity for sight feeding fish. As silt settles to the bottom,
it smothers aquatic habitat and interferes with biological processes such as organism
respiration, spawning and egg incubation, and photosynthetic production.
The examination of stressor-response plots from Iowa streams suggests that as silt levels
increase above 20 percent there is an increased occurrence of BMIBI and FIBI levels
considered biologically impaired in the 47c ecoregion. The percent stream bottom as silt
estimated at two full biocriteria sampling sites ranged from 7 -11 percent with a mean of nine
percent. These values fell within the interquartile range of 47c ecoregion reference sites.
Contrary to what was seen on sites DRC 1 and DRC 4 observations at RBP sites indicate that
silt covered stretches of stream are widespread in the DRC watershed. Six of 13 (46%) RBP
sites had silt covering much of the stream bottom, including rock substrates. Three out of the
four tributaries that contained an RBP sampling site were represented by this evaluation. These
data show that excessive siltation occurs across the watershed but not consistently at all sites,
indicating that streambed sediment characteristics are likely controlled by reach scale flow
conditions and availability and type of local sediment sources.
Typically, systems impacted by bedded sediments are also impacted by suspended sediments.
The indicators for suspended sediment are total suspended solids (TSS) and turbidity. Values
for TSS and turbidity found at the 10 water quality monitoring sites in DRC (Figure 9) fell below
the 75th percentile levels for 47c ecoregion reference sites (Appendix 2; Tables 2-4 & 2-5).
Reference values for TSS and turbidity are derived from base flow sampling conditions at the
ecoregion reference sites. It is likely that due to the flashy nature of DRC, most of the
suspended sediment load is transported during peak discharge events. The silt is moved
downstream into the Cedar River, leaving a sediment load dominated by heavier sands which
quickly re-deposit during base flow conditions. Observations by field crew members during RBP
sampling showed at least one of the following: excessive sediment bar development, shifting
sand, or excessive scouring at eight of 13 RBP sites. This qualitative data is evidence that fine
particle movement, especially sand, during storm events is a potential stressor of the biotic
community.
Studies have shown that excessive scouring by fine particles can have direct impacts on
organisms through reduction in feeding and reproductive efficiency, drift and direct mortality
(Wood and Armitage 1997). Increased sand load can also have indirect effects, such as the
scouring of periphyton. This reduces the food available to invertebrates in the scraper feeding
guild thereby reducing diversity and abundance in the stream. Biggs et.al. (2000) found that
sediment instability greatly increased disturbance intensity of periphyton. Sediment data
available in this investigation was incomplete; an assessment of sediment loading
characteristics (sand vs. silt) was not possible and any declaration of the impact on the biota is
qualitative in nature. Additional sediment sampling, including deposited and suspended (storm
event) sediment particle analysis, should be included in future monitoring plans for this stream
system.
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Data from the two full biological sites show that percent composition of sand, silt, gravel and
cobble fall within the expected range for 47c reference stream sites. However, information from
the RBP network of sites (Figure 8) indicates that problems may occur locally within the stream
system. At two of 13 sites there was excessive sediment bar development and in three of 13
sites, excessive substrate instability and shifting sand was noted (Appendix 2; Table 2-33).
These observations may be a function of localized flow instabilities rather than excessive
sediment delivery, none-the-less substrate instability could potentially stress biota on a local
scale. Impacts associated with shifting and unstable substrate are discussed in more detail in
section 4.1 on altered flows.
Channel bedform composition (percent pool, riffle, and run) at the two full bio sites differed
greatly from one another. At DRC 4 (Figure 8) the riffle, pool, run percent breakdown fell very
close to the expected range associated with the 47c reference stream sites however, DRC 1
differed greatly with only three percent pool, two percent riffle and 95 percent run. Additionally,
average pool depth was observed to be a problem at DRC 1. With an average pool depth of
only 0.5 feet in 2005, the site fell below the expected range of average depth observed at 47c
reference sites. Correspondingly, the observed number of sucker species (2), which inhabit
deep areas of streams, was lower than the minimum expectation for reference sites (3.4). The
channel bedform characteristics noted at DRC 1 are largely anthropogenic in nature as the site
was subject to ditching in the past. However, differences at site DRC 1 between the 1999 and
2005 full biological sampling in average thalweg and average transect depth indicate sediment
deposition contributes to the decreased channel/pool depth. In 1999 average thalweg depth
was 2.56 ft while in 2005 thalweg depth averaged 1.84 (Appendix 2; Table 2-30). Additionally,
the number of sucker species collected during the 1999 sampling was higher (3) than collected
in 2005 (2).
The sediment indicators evaluated at RBP sites provide evidence suggesting that reach-scale
sediment deposition and pool filling are potentially significant stressors to the aquatic
community. The sediment deposition rating ranged from poor to sub-optimal with a median
rating of marginal (30-50% stream bottom affected). In the stressor field checklist, three of 13
(23%) rapid bioassessment sites were evaluated as having significant reduction of pool depth
due to sedimentation (Appendix 2; Table 2-33). Two of the three sites were located in the
urbanized sections of the watershed. The RBP sites offer a broader perspective of conditions in
the watershed including stream reaches located near the headwaters where sediment delivery
rates are often higher. The RBP evidence generally supports the determination that
sedimentation impacts are a major contributing factor in the DRC biological impairment.
Potential sources of sediment in the watershed include: storm water runoff from construction
sites and urban areas, sheet and rill erosion from agricultural fields, gully erosion, and stream
bed/bank erosion. The estimated potential sheet and rill erosion based on 2007 land cover and
soil survey data is 23,114 tons/year. Using a sediment delivery ratio of 12 percent (value for the
Iowan Surface land form region) yields total overland soil delivery to the stream of 2,752
tons/year (Appendix 2; Figure 2-14). The lower section of DRC contains the oldest sections of
Cedar Falls; soil mapping data was unavailable in these 2,530 acres of the watershed. It is
likely that with the exception of construction sites, very little sediment is moving in this area of
the watershed. The average sediment delivery rate in the DRC watershed is 0.22
tons/acre/year. The areas of highest sediment delivery potential are construction sites located
in the mid sections of the watershed, in the rapidly developing areas of Cedar Falls (Figure 3).
These areas of construction have the potential to contribute significantly to the sediment load of
- 28 -

DRC, especially on a reach scale. Estimates of soil loss from these areas were made using no
control structures so estimates are a worst case scenario. There was approximately 500 acres
of active construction in the DRC watershed during 2007. Given the rate of growth in recent
years, this number is unlikely to decrease in the near future. The estimate for total sediment
delivered from the 500 acres of active construction is 1.7 tons/acre/year. This accounts for over
890 tons of the sediment delivered to DRC from sheet and rill erosion on an annual basis. This
means that over 32 percent of the estimated sediment contribution from upland sources is
delivered from only four percent of the total area. Given the close proximity of many
construction sites to DRC it is likely that these activities significantly impact the stream at a local
scale.
Evidence of streambed and bank erosion in the DRC watershed is mixed, as is expected in a
meandered stream system. Stream bank stability and vegetative conditions in some stream
reaches were rated as relatively good and in other areas they were rated as poor. Excessive
bank erosion/sloughing was reported at only two of 13 (15%) rapid bioassessment sites and
appeared to only be a problem at one of the two full biocriteria sampling sites (Appendix 2;
Table 2-32). At DRC site 4, the percentage area of vertical stream bank (55-110 degree slope),
which might be considered the most vulnerable to erosion and sloughing, averaged 30 percent
(range: 10-50), slightly higher than the 75th percentile (27.5%) for regional reference sites.
Additionally, DRC 4 had elevated levels of undercut streambank (115-180 degree slope), with
an average of 10 percent, this site fell above the 47c ecoregion 75th percentile value of 2.5
percent.
Streambanks along this site may be considered unprotected by vegetation as average bare
bank exposure was 81%, above the 75th percentile value for the 47c ecoregion (75%). This site
has heavy tree cover; average channel shading was 98 percent. It is possible that streambanks
which appear bare due to lack of herbaceous vegetation may in fact be stabilized by tree roots.
This would explain the higher than expected occurrence of undercutting on relatively bare
streambanks. Information gathered at DRC 4 indicates that streambank erosion is a potentially
significant local source of sediment (Appendix 2; Table 2-31). Conversely, data collected from
DRC 1 showed minimal problems associated with streambank erosion (Appendix 2; Table 230). At DRC 1 the values for vertical bank, undercut bank and percent bare bank (10%, 0%, &
61% respectively) fell within or below the interquartile range for 47c ecoregion reference sites.
These observations indicate that actual onsite streambank conditions are highly variable within
this stream system.
Information collected during a stream channel analysis project conducted by the Environmental
Geology program at the University of Northern Iowa was used to assess the condition of
streambanks within the DRC channel system. An analysis of the data collected during the
assessment shows the percentage of total stream length, by stream order, classified as having
moderately unstable to unstable streambanks is highest in the second order sections of the
stream network (66%) followed by first order tributaries (39%) and then by the main stem or
third order (35%) (Appendix 2; Table 2-34). The unstable to moderately unstable streambanks
in the second order areas have an average height of around five feet and account for roughly
30,000 ft worth of stream channel or about 19 percent of the total stream length (155,000 ft).
The estimated surface area of the potentially severely eroding streambank in these areas is
300,000 ft². The stream length in first order tributaries classified as having unstable to
moderately unstable streambanks averaged five feet high and had a total length of roughly
35,000 ft (23% of total channel length). Using the same calculation as the second order
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sections yielded a total surface area of potentially severely eroding streambanks of roughly
350,000 ft². Unstable to moderately unstable streambanks averaged nine feet in height along
the main stem of DRC. The total surface area of these streambanks was roughly 58,000 ft².
From a potential sediment source ranking the streambanks along the third order sections of this
watershed are a relatively minor contributor. Taken as a whole, streambank derived sediment
appears to be most problematic in the first and second order tributaries of DRC.
A comparison of the data from the first and second order tributaries unveils a potentially
important trend. As expected, the total stream length represented by first order stream is over
double that of second order (94,000 ft to 44,000 ft). However, the length of channel classified
as having unstable streambanks only differed by fifteen percent between the two. This indicates
that the streambank derived sediment in second order sections of the stream network has a
higher potential to cause localized sedimentation problems. These data displayed visually
clearly show a hot spot for potentially severe streambank erosion along the southeast branch,
specifically within sub-watersheds 1 and 4 (Figure 12). The RBP site, DRC15, located directly
downstream of this area, was observed to have the highest RBP rankings for percent
embeddedness (>75%) and percent channel impacted by sediment deposition (>50%). Site
DRC 15 ranked among the lowest average metric fish and average total metric scores
(Appendix 2; Table 2-23). Urban development data indicate that areas in and upstream of
these two sub-watersheds have experienced a rapid expansion of urban land use in the last 10
years (Figure 12). The increased frequency of unstable streambank conditions in this area are
likely a direct response to increased storm water runoff and increases in flow velocities &
volumes. It is likely that expansion of the Cedar Falls area will continue in this area of the
watershed. Without widespread adoption of urban storm water Best Management Practices
(BMP’s) in this rapidly urbanizing area, geomorphic condition in the south east branch will likely
continue to degrade, further stressing in-stream biota.
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Figure 12 Dry Run Creek sub-watershed urbanization and streambank stability rankings
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5. Secondary Causes
5.1 Dissolved Oxygen
Depending on the duration and severity, reduced levels of dissolved oxygen (DO) can have a
significant impact on aquatic life. Organisms subjected to low DO concentrations may undergo
acute mortality or suffer from chronic stresses, which result in diminished biological functions
and downstream drift. Monitoring data collected in DRC over a three year period showed that a
low DO problem may exist. Monitoring data from 2006 through the spring of 2008 showed no
apparent problems with low DO. However, in 2005, several samples indicated that problems
may exist.
The impaired segment of DRC (Figure 1) is designated for Class B (LR) “Limited Resource”
warmwater aquatic life uses. DO levels for streams with this designation must remain above 5
mg/L for at least 16 hours per day and levels must not fall below 4 mg/L at any time. Water
quality monitoring site DRC 6 (Figure 9) had DO levels fall below 4 mg/L on two occasions (3.5
and on 7/21/05 and 3.4 mg/L 8/11/05). While actual water quality violations were recorded at
DRC 6 on two occasions, potential problems were not limited to this location. There were five
sampling dates in 2005 where DO values were recorded at 5 mg/L or less on at least one site
(Table 7). On 7/21/2005, five sites on the main stem and the southeast and southwest
branches of DRC were found to have DO concentrations below 5 mg/L (Appendix 2; Figure 219), indicating the condition was watershed wide. Dissolved oxygen levels in aquatic systems
commonly undergo diurnal shifts in response to community respiration. These diurnal shifts
result in the lowest DO concentrations in the early morning around dawn and then rebound as
photosynthesis commences. The DO levels monitored in DRC were collected during water
quality grab sampling and represent the concentrations at a single point in time. Since sampling
was conducted during the daytime hours it can be assumed that actual night time low DO
concentrations in DRC were lower than values recorded at the time of sampling. Unfortunately
diurnal DO data collection was not conducted during the monitoring of this watershed. The
duration that DO levels were below 5mg/L and the actual night time low DO concentration could
not be determined.
Conditions contributing to the low DO values recorded throughout the watershed in the summer
of 2005 could not be determined from our data set. It is possible that high Biological Oxygen
Demand (BOD) loads entered the stream during the warm water months (early July through mid
September), depressing in-stream DO concentrations (BOD5 was not monitored in 2005).
Some data exist that indicate the stream could be subject to intermittent influxes of materials
with a high BOD. During the melt water sampling on 3/13/2008, six of the ten water quality sites
(Figure 9) had BOD5 values which were higher than 21 mg/L (Appendix 2; Table 2-13). The
actual BOD5 concentrations could not be determined on these samples as all available oxygen
in the sample had been depleted before analysis could be completed. This information
indicates conditions that may result in depressed DO concentrations exist. However, DO
concentrations taken during melt water sampling were near or above 100 percent saturation.
The cold water temperatures and re-aeration from turbulent flows allowed dissolved oxygen
levels to remain steady despite the increased BOD load. It is possible that in-stream DO
concentrations could be depleted if this influx of BOD were to occur during lower flows and at
higher temperatures.
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Table 7 2005 low dissolved oxygen concentrations and % saturations
Site
06/23/05 07/21/05 08/11/05 09/22/05 10/05/05
DO
6.6
4.8
9.3
9.8
DRC 1
% saturation
72
57
102
109
DO
4.9
6
7.1
9.3
DRC 4
% saturation
56
57
102
109
DO
5.2
4.7
5
11
DRC 5
% saturation
63
58
57
128
DO
4.3
3.5
3.4
4.9
DRC 6
% saturation
51
43
40
57
DO
5.5
4.9
DRC 7
% saturation
56
55
DO
5
5.1
4.5
6.5
6.5
DRC 8
% saturation
60
64
51
74
74
DO
4.8
5.2
5.8
6.5
6.5
DRC 9
% saturation
53
59
68
73
73
DO
5.2
4.2
8.7
8.7
DRC 10
% saturation
61
51
74
74

The extent to which depressed DO levels contribute to the impairment could not be determined
using available data. Given the lack of diurnal data collection and the absence of water quality
violations during last two and a half years of sampling, it is the determination of the SI team that
a TMDL should not be calculated for dissolved oxygen. Any future monitoring of this water body
should include more extensive, continuous DO data collection.

5.2 Un-ionized Ammonia
Un-ionized ammonia is directly toxic to aquatic invertebrates and fish. Iowa has water quality
standards which set criteria designed to protect aquatic life against acute or chronic toxicity from
un-ionized ammonia. The criteria are expressed as total ammonium ion concentration from
which un-ionized ammonia concentration can be determined as a function of pH and
temperature. For a given concentration of total ammonium ion, an increase in pH and/or
temperature will result in an increase in un-ionized ammonia concentration. During more than
three years of bi-weekly grab sampling and storm event sampling no ammonia violation were
recorded. However, during melt water sampling conducted on 3/13/2008 (Appendix 2; Table
2-13) two sites, DRC 9 and DRC 10, recorded ammonia levels of 1 mg/L which were violations
of the states chronic toxicity water quality standards. The reason for a violation of the chronic
threshold was due mostly to the elevated pH at the two sites. The pH values at DRC 9 and
DRC 10 were 8.6 and 9 respectively, exceeding the water quality standard for pH. Given the
data collected during the assessment phase of this project, it is unlikely that elevated ammonia
levels contribute significantly to the impairment in this watershed. Due to the episodic nature of
ammonia spikes in stream systems, it is possible that our monitoring network missed short
duration increases in ammonia. It is recommended that any future water quality monitoring
plans include a screening for ammonia levels in the stream.

5.3 Altered Daily or Seasonal Flows and Temperatures
The southwest branch of DRC runs through the University of Northern Iowa campus where
multiple coolant water outfalls discharge to the stream. The University of Northern Iowa’s
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NPDES permit contains 27 outfalls that are permitted to discharge non-contact coolant water to
DRC. The combined permitted flow contribution of all 27 outfalls is 23,160,393 gallons per day.
The water flowing from these outfalls originates from ground water aquifers in the area and is
primarily used in cooling towers at the UNI power plant and in cooling systems of buildings
throughout campus. Observations noted during a stream corridor assessment along the
southwest branch of DRC indicated that many pipes flow into DRC even during dry conditions.
The field crew noted and marked the location of ten outfall pipes contributing flow to DRC in the
area around UNI (Appendix 2; Figure 2-16).
Despite the presence of several coolant water inputs to the stream, there was little evidence to
suggest that either flow or temperature alterations associated with the inputs have a significant
impact on the streams biological community. Mean and median stream temperature values
taken at DRC water quality monitoring sites between the dates of 7/1 and 10/31 in each
monitoring year (Appendix 2; Table 2-4) fell within the 47c ecoregion reference site inner
quartile range of water temperatures (Appendix 2; Table 2-5). High temperatures from water
quality monitoring sites (Appendix 2; Tables 2-1 to 2-3) also fell well below Iowa’s water quality
standard of 30 ºC. Additionally, event monitoring on sites DRC 1 and 4 uncovered no
temperature readings above 30 ºC (Appendix 2; Tables 2-8 & 2-9). While it is possible that
sections of DRC may be subject to rapid increases in temperatures due to elevated
temperatures of storm water inputs, monitoring did not uncover such data.
Three possible reasons for this exist. First, it is possible that DRC is not subject to increases in
temperature from storm water inputs but this is highly unlikely. Second, the data collection
scheme was not suited for monitoring spikes in temperature. Temperature data collection
during the storm events was conducted by hand when field staff retrieved samples from the unit,
usually a full 24 hours after the initial event occurred. If rapid rises in stream temperatures were
to occur in response to an influx of storm water runoff from hot pavement, it would happen early
in the event. By the time field staff reached the sites increases in temperature would have been
missed. Continuous temperature monitoring should have been a part of the initial monitoring
design. Third, ISCO storm event samplers were located on the southwest branch (near coolant
water inputs) and on the main stem near the bottom of the watershed; no storm events were
collected on the southeast branch where many parking lots and industrial sites were located.
The inputs of coolant water in and around the areas where event sampling took place could
have offset any temperature increases in the area. Event temperature monitoring should have
included the southeast branch of the stream as this was an area where increases in stream
temperatures would be expected.
Weekly minimum and maximum temperature data (Appendix 2; Table 2-18) collected during a
UNI study (Appendix 4) showed some possible muting of diurnal temperature fluctuations. The
degree to which this impacts biota in DRC is unknown. Additionally, flow data collected in the
areas around the University was insufficient to determine the impacts on the biotic community.
Highly urbanized systems are known to have decreased base flow conditions due to a decrease
in infiltration and ground water recharge. Our data indicate that in the areas downstream of
coolant water discharges no such depletion of base flow exists. It is possible that the coolant
water actually helps to alleviate the potential lowering of baseflow expected in an urbanized
area. Given the isolated area of the stream impacted by coolant water discharges and the poor
biological conditions found in areas that do not receive these discharges, it is unlikely that
changes in temperature and flow associated with these outfalls significantly contributes to the
impairment on DRC.
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5.4 Chlorine
Chlorine, a chemical that quickly volatilizes or transforms into ionic states, is not a normal
constituent of stream water. When introduced to the aquatic environment it can cause acute
toxicity in stream organisms. Even doses that do not result in direct mortality of invertebrates or
fish can cause significant die off in periphyton and algal communities, resulting in an
unbalanced food web, altering community composition. It is possible that chlorine inputs
capable of causing acute mortality and/or periphyton die off currently occur or did occur leading
up to TMDL biological sampling. Of the ten water quality monitoring sites in DRC, three had
water column chlorophyll a samples taken (Appendix 2; Table 2-4). Sites DRC 1, 4 and 6 had
median chlorophyll a values of two, one and three µg/L respectively. These values fell below
the inner quartile range for 47C ecoregion REMAP sites of 5 – 32 µg/L. This data suggests that
primary production could be depressed in this stream system. However, two RBP sites located
in the area expected to receive coolant water discharge from UNI buildings (DRC 2 and DRC
6D2) were observed to have excessive filamentous algae growth, indicating that primary
production was not limited by chlorine inputs.
In the winter of 2005-2006, it was noted by field staff that the smell of chlorine could be detected
around an outfall immediately upstream of DRC 4 (Figure 8). On several occasions water
samples taken from the outfall and in the stream were tested for chlorine. The outfall had Total
Residual Chlorine (TRC) values near one mg/l and the stream had values around 0.5 mg/l.
Iowa’s water quality standards set the chronic and acute toxicity levels for TRC at 11 and 19 µg/l
for aquatic life uses. The TRC values found in the stream (.5 mg/l or 500 µg/l) were over 26
times the acute toxicity level in Iowa’s water quality standards. Upon investigation by field staff
from the DNR Environmental Service section, it was determined that an un-permitted discharge
of chlorinated drinking water was entering DRC. Under Iowa Administrative Code (Chapter 57662.1(455B) Prohibited Discharge), “The discharge of any pollutant from a point source into a
navigable water is prohibited unless authorized by an NPDES permit.” It was determined that
approximately 50 gallons/minute of drinking water (containing measurable chlorine) was
continuously discharging from the Nazareth Lutheran Church into DRC directly upstream of
DRC 4. This facility was issued an NPDES permit (permit # IA0080047) for the discharge to
DRC on 2/26/2007. The permit assigned a maximum daily concentration for TRC of 1.07 mg/l
and a maximum daily mass of 0.14 lbs per day. The levels of chlorine discharged from
Nazareth Lutheran Church to DRC are not known to be acutely toxic to in-stream biota, though
it is likely that chlorine adds stress to an overstressed system.
An ecological evaluation of DRC was conducted by Dr. Kurt W. Pontasch of the Department of
Biology at the University of Northern Iowa and was submitted to the IDNR in the fall of 2007
(Appendix 4). One of the goals of this investigation was to determine if outfall effluents have an
impact on the stream invertebrate community. Effluent toxicity testing was done on select
outfalls from May 2006 through April of 2007 (Appendix 2, Figure 2-27). The results showed
that multiple coolant water outfalls contained effluent that could be lethal to stream organisms.
A total of five coolant water outfalls were found to contain toxic effluent (Appendix 2; Table 229). The UNI towers discharge on the northwest branch was found to be toxic on five
occasions, the Spearman-Karber LC50 ranged from 4.375 to 61.875 percent effluent. The Tall
Grass Prairie outfall, just upstream of DRC 4, had the lowest Spearman-Karber LC50 with only
3.75 percent effluent resulting in mortality. The effluent toxicity in this investigation was
attributed to chlorine. The authors of the document stated that, “One of the first steps in a
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Toxicity Identification Procedure is to aerate the effluent for 24 hours, and then test for toxicity
again. Every toxic effluent found in this study was nontoxic after aeration. This coupled, in
most cases, with a strong odor, suggests that chlorine is the likely source of toxicity in these
effluents”.
No chlorine concentrations were obtained by the UNI study; therefore a direct, quantitative link
between chlorine and toxicity could not be made with the information provided in the
Ecotoxicological Evaluation. Despite the lack of quantitative data, ample qualitative
observations point toward chlorine as the cause of effluent toxicity. During a meeting in the
winter of 2007-2008, members of the UNI facilities team were informed of the potential
contribution of chlorine to the toxicity of coolant water outfalls on campus. In response to the
meeting UNI took several actions. First, UNI started updating the maps of storm water and
coolant water lines on campus. Second, UNI began identifying and correcting any potential
chlorine inputs to the system. In the spring, UNI staff identified a pond (used for watering
landscaping) that maintenance staff periodically shocked with chlorine to stave off algal blooms.
Managers directed staff to avoid chlorine treatments of the pond. In the early summer of 2008,
facilities staff discovered that maintenance staff had historically been treating fountains on
campus with chlorine in order to control algae growth; this practice has been eliminated. None
of these practices provided a continuous flow of chlorine to the stream but could have
contributed to the intermittent toxicity of certain outfalls around the campus area. UNI staff
continues to work toward identifying and correcting any practices that may result in the addition
of chlorine to the coolant water/storm water discharge locations.
The potential inputs of chlorine to DRC are being addressed through NPDES permit compliance
steps and voluntary changes in management practices. Facilities managers at UNI are actively
working to identify and stop any additional chlorine inputs that may exist. These actions,
coupled with the lack of known chlorine inputs in other sections of DRC where poor biological
conditions persist, indicate that chlorine, while a contributor, should not be considered one of
the major stressors in DRC. IDNR SI team staff recommends that DNR work with UNI to
perform additional monitoring of coolant water outfall toxicity and chlorine concentrations at all
coolant water outfalls around campus. These actions would help UNI staff to determine if all
chlorine inputs to the system have been located and will allow UNI to display that they have
eliminated toxicity problems in the coolant water discharge system. Other discharge sources of
coolant water in the watershed should be identified and assessed to determine their potential
contribution to aquatic life impairment.
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6. From SI to TMDL
Because the SI process was initiated pursuant to Iowa’s Section 303(d) listings for biological
impairments with unknown causes, the primary stressors determined by the SI are
communicated in terms of standard cause and source codes as specified in U.S. EPA guidance
for the 2004 Integrated Report and the IDNR 305(b) assessment protocol (IDNR 2005). The
305(b)/303(d) candidate cause list is shown in Table 8.
The primary stressors identified by this SI translated into 305(b)/303(d) cause codes are:
Siltation (1100); Flow alteration (1500); and Other habitat alterations (1600).
Table 8 The candidate causes with associated cause codes as used by the 305(b)
assessment/303(d) listing methodology
Cause
Cause
Cause
Cause Name
Cause Name
Cause Name
Code
Code
Code
0 Cause Unknown

570 Selenium

1300 Salinity/TDS/Chlorides

100 Unknown toxicity

580 Zinc

1400 Thermal modifications

200 Pesticides

600 Unionized Ammonia

1500 Flow alteration

250 Atrazine

700 Chlorine

1600 Other habitat alterations

300 Priority organics

720 Cyanide

1700 Pathogens

400 Non-priority organics

750 Sulfates

1800 Radiation

410 PCB's

800 Other inorganics

1900 Oil and grease

420 Dioxins

900 Nutrients

2000 Taste and odor

500 Metals

910 Phosphorus

2100 Suspended solids

510 Arsenic

920 Nitrogen

2200 Noxious aquatic plants

520 Cadmium

930 Nitrate

2210 Algal Growth/Chlorophyll a

530 Copper

990 Other

2400 Total toxics

540 Chromium

1000 pH

2500 Turbidity

550 Lead

1100 Siltation

2600 Exotic species

560 Mercury

1200 Organic enrichment/Low DO

6.1 Cause Elimination and Evidence Uncertainty
It is important to remember the SI process uses a weight of evidence approach that is not
synonymous with dose-response experimental studies. Therefore, the conclusions reached in
this SI must be viewed cautiously with the understanding that correlation and association do not
necessarily prove cause and effect.
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One of the larger uncertainties in this SI results from the fact the available data were spatially
and temporally limited. Because of these limitations, the importance of certain stressors either
could have been downplayed or inflated. For example, data were not adequate to support a
quantitative analysis of some primary stressors in the southeast branch of DRC. Biological
sampling from the southeast branch was limited to RBP samples, making analysis of certain
BMIBI & FIBI metrics impossible. This, coupled with the lack of certain water quality parameters
(continuous and grab sample flow data, chlorophyll a, and continuous DO) made temporal
comparisons of biological conditions and associated flow and water quality attributes difficult.
Qualitative observations from the southeast branch of DRC indicated that elevated flows
contributed significantly to the depressed biotic conditions in the southeast branch. Quantitative
data would have strengthened these associations.
Another source of uncertainty is the lack of appropriate benchmarks or criteria for evaluating the
significance of some proximate stressors or causal pathway indicators. The process is also
limited by a lack of readily available data analysis techniques that could help identify useful
patterns and associations in the data set. There is also uncertainty associated with ranking the
relative importance of primary stressors. In this SI, it is assumed that each primary stressor is
individually capable of causing the biological impairment. However, some stressors are known
to exert a greater detrimental impact upon certain aspects of stream biological health than
others. For example, certain benthic-oriented metrics of the fish IBI are known to respond more
strongly to sedimentation impacts than other types of stressors. These subtle distinctions are
not handled well in the current SI process. As the IDNR gains more experience and refines the
SI process, sensitivity and confidence levels should continue to improve.
A number of candidate causes/stressors were excluded from consideration based upon best
professional judgment and knowledge of the watershed. These causes/stressors were all
ranked as having a low probability of contributing to the stream biological impairment (Table 4).
If management actions designed to alleviate the primary causal agents identified in this SI fail to
restore the biological community to unimpaired status, the evidence will again be reviewed and
any excluded causes/stressors may be reconsidered. An excluded candidate cause/stressor
might also be reconsidered if new data or information provides compelling evidence the
cause/stressor plays an important role in the impairment.

7. Conclusions
Despite some data limitations, the evidence was sufficient to identify the following primary
stressors, any of which is capable of causing biological impairment in the DRC watershed:
• Elevated levels of silt accumulation and sedimentation of rock substrates
• Decreased macro and micro habitat complexity and availability
• Increased urban storm water inputs and changes in hydrology
Depending on the causal mechanism, primary stressors can manifest as short-term acute
impacts or long-term chronic impacts to aquatic biota. To restore the biological condition of the
stream to un-impaired status, TMDL and implementation plans need to address each of the
primary stressors and multiple causal pathways that occur in the watershed.
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