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ABSTRACT 

 

SEDIMENT REMEDIATION IMPACTS ON MACROINVERTEBRATE 

COMMUNITY STRUCTURE: ASSESSING THE SUCCESS OF URBAN STREAM 

RESTORATION 

 

by Laurie Beth Nederveld 

 

Land use practices altering the natural landscape have resulted in the widespread 

degradation of stream ecosystems and the need for urban stream restorations. While a 

number of studies have evaluated the success of these stream restoration efforts, few have 

assessed the recovery of macroinvertebrate communities following the remediation of 

contaminated sediments.  The purpose of my study was to evaluate the impact of 

sediment remediation activities on macroinvertebate abundance, diversity, and richness to 

determine the success of stream restoration in Ruddiman Creek, a small stream in the 

Muskegon Lake watershed.  During my investigation, macroinvertebrate samples were 

collected from all available habitat types at three study sites and three reference (control) 

sites using a Before-After Control-Impact (BACI) sampling design. Ryerson Creek, an 

urban system considered less disturbed with respect to heavy metal and organic 

contaminants, served as a reference stream within the Muskegon Lake watershed. 

Physical measurements, chemical analyses of water samples, and hydrologic 

measurements in Ruddiman and Ryerson Creeks were used to assess habitat and water 



 

 vi 

quality changes as a result of remediation activities. This investigation concluded that 

although remediation activities resulted in a significant initial decline in 

macroinvertebrate abundance, diversity, and richness, the macroinvertebrate community 

recovered to pre-remediation conditions rapidly. After approximately one and a half years 

of recovery, stream quality of study sites had not approached reference conditions. The 

family-level biotic index (FBI), however, suggested marked improvement in stream 

quality, as indicated by a greater abundance of sensitive taxa (%) and a richer 

macroinvertebrate community.  My findings suggest that chronically degraded water 

quality and hydrologic impairments continued to negatively influence the 

macroinvertebrate community and that additional restoration activities are needed to 

improve the ecological integrity of the Ruddiman Creek watershed. 
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CHAPTER I 

INTRODUCTION 

 Streams flowing over landscapes modified by anthropogenic activity are often 

subject to varying degrees of impairment. Industrial, urban, and agricultural practices 

directly and indirectly degrade aquatic ecosystems (Allan and Flecker 1993, Lenat and 

Crawford 1994, Johnson et al. 1997, Stepenuck et al. 2002, Davis et al. 2003, Roy et al. 

2003, Cooper et al. 2009). As a result, urban streams are often characterized by unnatural 

flow regimes, excessive fine sediment and nutrient loads (e.g. phosphorus and nitrogen), 

and accumulations of heavy metals and organic contaminants (Lenat and Crawford 1994, 

Trimble 1997, Paul and Meyer 2001, Meyer et al. 2005, Tang et al. 2005, Walsh et al. 

2005). Impacts to stream invertebrates can include growth reductions (Mattingly et al. 

1981, Broekhizen et al. 2001), bioaccumulation of metals and organic contaminants 

(Meador et al. 1995, Cain and Luoma 1998, Beltman et al. 1999, Maret et al. 2003), 

diminished reproduction (Mulvey and Diamond 1991), increased drift (Poff and Ward 

1991, Shaw and Richardson 2001), and altered competition behavior (Vuori 1994). 

Subsequently, macroinvertebrate communities exposed to degraded environmental 

conditions will exhibit decreases in abundance, diversity, and richness (McElravy et al. 

1989, Scrimgeour and Winterbourn 1989, Stepenuck et al. 2002, Roy et al. 2003, Kaller 

and Hartman 2004). Because macroinvertebrate communities are sensitive to 

environmental degradation, macroinvertebrate assessments are effective indicators of 

general habitat and water quality (Jones and Clark 1987, Muotka et al. 2002, Schmidt et 
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al. 2002, Fitzpatrick et al. 2004, Brown et al. 2005) and have been used extensively in 

this capacity (Carter and Resh 2001, Bonada et al. 2006, Olsen and Peck 2008). 

Macroinvertebrate assessments have often been preferred over physical and chemical 

analyses alone because they offer a more reliable indication of long-term, rather than just 

immediate, stream condition. 

Long-term abundance, diversity, and richness of macroinvertebrate communities 

have been shown to increase following stream remediation when populations were 

previously stressed by heavy metal and organic contaminants (Hoiland et al. 1994, 

Nelson and Roline 1996, Adams et al. 2005). Sediment removal, however, can often 

result in an immediate degradation of macroinvertebrate communities (Bonvincini et al. 

1985, Quigley and Hall 1999, and Gilkinson et al. 2005). Kelaher et al. (2003) 

demonstrated the potential for sediment removal activities to cause unpredicted habitat 

changes resulting in long-term alterations to macroinvertebrate communities. While a 

number of studies have documented impacts to macroinvertebrate community 

composition by anthropogenic contaminants, few studies have described 

macroinvertebrate recovery after the remediation of contaminated sediments.  

 My study stream, Ruddiman Creek, drains an urbanized watershed located in 

Muskegon County, Michigan, USA, and flows to a coastal drowned river mouth of Lake 

Michigan. Due to degraded stream conditions and public health concerns expressed by 

residents, the U.S. EPA Great Lakes National Program Office and the MDEQ conducted 

a 14.2 million dollar project to dredge and remove contaminated sediments in the 

Ruddiman Creek watershed. In addition to sediment remediation, limited hydrologic 



 

 3 

improvements were completed including the construction of a detention basin and 

restoration of braided stream patterns. Between September 2005 and April 2006, 

Ruddiman Pond and seven sections of the main branch of Ruddiman Creek were dredged 

removing 68,477 m
3
 of contaminated sediments (Janesak 2006). The primary objective of 

this remediation project was to “reduce the relative risks to humans, wildlife, and aquatic 

life” (Hilgeman 2005).  

The objective of my study was to evaluate the impact of sediment remediation on the 

biotic community of Ruddiman Creek, using macroinvertebrates as the primary indicator. 

We compared trends in Ruddiman Creek to Ryerson Creek, a reference (control) stream 

used to control for temporal variability within the region. Ryerson Creek was a system 

also impacted by urbanization but considered less disturbed with respect to heavy metal 

and organic contaminants. Remediation of Ruddiman Creek was intended to improve 

existing stream conditions through the dredging and removal of contaminated sediments. 

My investigation used macroinvertebrate collections, physical measurements, chemical 

analyses of water samples, and hydrologic measurements in Ruddiman and Ryerson 

Creeks to evaluate impacts of remediation activities on stream condition. I hypothesized 

that anthropogenic contaminants were the main factor contributing to the degraded 

macroinvertebrate community, and therefore, remediation of contaminated sediments in 

Ruddiman Creek would result in an increase in macroinvertebrate abundance, diversity, 

and richness compared to pre-remediation and reference conditions. Since only a limited 

degree of hydrologic restoration was performed, flashy stream condition had the potential 

to impact macroinvertebrate community after sediment remediation. My investigation 
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builds on the findings of Cooper et al. (2009) for nearby Little Black Creek, which 

demonstrated measurably degraded macroinvertebrate communities, attributed to 

contaminated sediments, and the need for remediation efforts. This investigation provides 

important information concerning the success of urban stream restoration and will assist 

in determining whether further restoration strategies are necessary.  
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CHAPTER II 

MATERIALS AND METHODS 

STUDY AREA 

 Study sites were located in the Ruddiman Creek watershed (13.0 km
2
), an 

urbanized area located primarily within the city of Muskegon (Fig. 1). A mix of 

residential (54%), commercial (20%), industrial (11%), and transportation (1%) 

development covered the landscape, once dominated by white pine – white oak forests 

(MSU RSGIS 1998). Natural features of the watershed included three stream reaches 

(north branch, 0.55 km; west branch, 2.14 km; and main branch, 3.09 km), a pond (0.04 

km
2
), and several forested, emergent, and shrub-scrub wetland areas (0.12 km

2
). Roughly 

44% of the main branch was enclosed in storm sewer before emerging from a 2.5-meter 

outfall. The main branch flowed into Ruddiman Pond before ultimately discharging into 

Muskegon Lake, a drowned river mouth lake. Three study sites were located on the main 

branch, upstream from Ruddiman Pond. Sites 2 and 3 underwent sediment remediation in 

December 2005 and February 2006, respectively, while Site 1 was influenced by 

upstream structures intended to moderate hydrologic extremes (Table 1). 

 Wastewater and stormwater discharges, improper hazardous waste disposal, and 

groundwater contamination contributed to the degradation and contamination of 

Ruddiman Creek (Rediske 2002). As a result of past land use practices, numerous 

pollutants were introduced into the stream, including benzo(a)pyrene, heavy metals (e.g. 

cadmium, chromium, and lead), and polychlorinated biphenyls (PCBs) (Snell 
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Environmental Group 2000, Earth Tech, Inc. 2002). Heavy metal and PCB 

concentrations exceeded the Michigan Department of Environmental Quality’s (MDEQ) 

site-specific sediment quality criteria for human contact and aquatic life (Rediske 2004). 

In addition to sediment contamination, hydrologic instability and stormwater pollution 

had been identified as priority issues by local and state governments (Wuycheck 1989, 

Nederveld 2005). Due to the degraded warm water fishery and macroinvertebrate 

community, Ruddiman Creek was placed on the Michigan 303(d) List of Impaired 

Waters (Wuycheck and Creal 2002).  Similar impairments to stream condition as a result 

of sediment contamination and degraded water quality had been observed in the nearby 

tributaries of the Mona Lake watershed (Cooper et al. 2009).  

Ryerson Creek served as an urbanized reference stream during this investigation. Its 

watershed (21.0 km
2
) was located partially within the city of Muskegon and included 

similar land use types as the Ruddiman Creek watershed, but had a greater undeveloped 

area (36% vs. 14% of the total watershed area) (MSU RSGIS 1998). Ryerson Creek’s 

main branch was fed by two tributaries and flowed through a small pond feature before 

discharging into Muskegon Lake. Although Ryerson Creek also had been affected by 

nonpoint source pollution, it was considered less degraded than Ruddiman Creek in terms 

of heavy metal and organic contaminants. Three reference sites, with comparable 

characteristics to those on Ruddiman Creek (substrate, habitat, and location relative to 

stream mouth), were located on Ryerson Creek upstream of its confluence with 

Muskegon Lake.   
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MACROINVERTEBRATE SAMPLING 

 Macroinvertebrates (invertebrates>0.5 mm in length) were collected from 

Ruddiman and Ryerson Creeks following a sampling procedure originally applied in 

wetlands by Burton et al. (1999) and Uzarski et al. (2004). This methodology was 

modified for use in stream systems, similar to the methodology used by Cooper et al. 

(2009).  Sample replicates were collected from available habitat types at each site. 

Habitats were of three potential types: 1) Typha, 2) overhanging riparian vegetation (e.g. 

Phalaris arundinacea, Impatiens capensis), and 3) floating/submergent vegetation (e.g. 

Elodea canadensis, Nymphaea odorata, and Potamogeton foliosus). The distribution of 

samples collected at each site was proportional to the amount of available habitat. At 

Sites 2 and 3 on each stream, three replicate samples were collected for each habitat type 

since habitats were approximately equally distributed. At Site 1 on each stream, six 

replicates were collected from riparian habitat (2/3 of available in-stream habitat) and 3 

replicates were collected from floating/submergent habitat (1/3 of available in-stream 

habitat) (Table 2). Thus, a total of nine sample replicates were collected from each site on 

five sample dates: August 2005 (one month prior to dredging activities), May 2006 (one 

month after dredging was complete), August 2006, May 2007, and August 2007. No 

more than eight days elapsed between sample collections from Ruddiman Creek and 

Ryerson Creek during any collection period. 

Field crews used D-frame dip nets containing a 0.5-mm mesh to collect 

macoinvertebrates. To ensure sampling of all localized habitats, sampling involved 

sweeps from the streambed through the entire water column, while keeping in contact 
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with the vegetation. When present in the immediate vicinity of a sample replicate 

location, gravel and cobble over 5 cm in diameter were hand washed in dip nets to 

dislodge macroinvertebrates. Contents of dip nets were emptied into white pans and 

organisms were picked from each sample replicate for one-half-person-hour. After 

picking during this time period, organisms were tallied and picking continued to the next 

multiple of 50, unless the nominal maximum of 150 organisms had been reached (Burton 

et al. 1999, Uzarski et al. 2004). If counts were well below 50, 100, or 150 organisms 

after one-half-person-hour, then picking continued until the next multiple of 25. This 

ensured that enough organisms were picked to provide a representative sample, but meant 

that sampling effort tended to be greater at lower densities. Collected specimens, 

including semi-aquatic insects, were preserved in 70% ethanol and later sorted and 

identified to family. Exceptions included taxa more difficult to identify, Oligochaeta and 

Hydrachinida, which were identified to order. Taxonomic keys developed by Chu (1992), 

McCafferty (1998), Merritt and Cummins (1996), and Thorp and Covich (2001) were 

used for identification. 

 

MACROINVERTEBRATE METRIC CALCULATIONS 

Since macroinvertebrate community composition did not differ by habitat type in 

initial non-metric multidimensional scaling (NMDS) analyses (p>0.05), 

macroinvertebrate metrics were calculated using composite sample replicates. A 

composite sample replicate included one sample replicate from each of the three available 

habitat types, resulting in three composite sample replicates per site per sample date. 
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Since sample replicates could include 25 to 150 organisms, based on the sampling 

methodology, composite sample replicates could range from 75 to 450 total organisms. 

Macroinvertebrate data were used to calculate relative macroinvertebrate abundance, 

sensitive taxa abundance (%), and taxon diversity and richness.  Catch per unit of effort 

was used as a measure of relative macroinvertebrate abundance.  Family-level tolerance 

scores (Hilsenhoff 1988, Bode 1988, Bode et al. 2002) were used to differentiate 

sensitive taxa (tolerance score 0 to 5) from tolerant taxa (tolerance score 6 to 10). A range 

of diversity statistics, Pielou’s Evenness Index (J) (Pielou 1975), Simpson’s Diversity 

Index (1/D) (Magurran 1988), and Shannon’s Diversity Index (H’) (Magurran 1988), 

were chosen to ensure the best estimate of macroinvertebrate diversity. Diversity metrics 

were chosen to include statistics biased toward richness and evenness (and dominance).  

Taxon richness was calculated to assist in interpreting diversity statistics and represented 

the total number of taxa per composite sample replicate.   

A family-level biotic index (FBI), as described by Hilsenhoff (1988), was utilized to 

assess stream condition over time based on macroinvertebrate composition. The FBI is 

intended to be a rapid, field-based assessment, weighting the relative abundance of each 

family by its tolerance score to determine a total community score.  Tolerance scores for 

families of stream arthropods in the western Great Lakes region were used (Hilsenhoff 

1988), and supplemented with values for northeastern streams (Bode 1988, Bode et al. 

2002). Both sets of family-level tolerance scores were on a ten-point scale. Tolerance 

scores corresponded to a family’s sensitivity to poor habitat and water quality; lower 

scores indicated better stream condition. Family-level identifications have been used in 
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previous investigations of stream condition (Linke et al. 1999, Mattsson and Cooper 

2006). Although finer taxonomic resolution can be more useful, because tolerance can 

change within a genus (Resh and Unzicker 1975, Hilsenhoff 1987), coarser resolutions 

show similar patterns in response to habitat and water quality gradients (Somerfield and 

Clarke 1995, Vanderklift et al. 1996), especially in degraded environments (Olsgard et al. 

1998).  

Since Site 3 on Ruddiman Creek exhibited strong wetland characteristics prior to 

stream restoration (sites were heavily influenced by adjacent Typha-dominated marshes), 

an index of biotic integrity (IBI) (Uzarski et al. 2004) developed for Lake Michigan 

fringing coastal wetlands was applied at Site 3 on both streams to compare with FBI 

scores. Site 3 on Ryerson Creek was also influenced by adjacent Typha-dominated 

marshes throughout the investigation. The invertebrate-based Wetland IBI specifies 

metrics by vegetation zone. Since the Typha zone metrics from the original Wetland IBI 

(Burton et al. 1999) were eliminated in the revised Wetland IBI (Uzarski et al. 2004), the 

metrics specified for the inner Scirpus zone were used. This zone was characterized by 

dense Scirpus, limited Pontedaria and submergents, and a lack of wave action, and 

therefore, was the most similar to the vegetation observed at Site 3 on each stream. 

Family-level macroinvertebrate data was used to calculate all 13 specified metrics, 

including Odonata taxa richness, relative Gastropoda abundance (%), and Shannon’s 

Diversity Index (H’), among others.  
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PHYSICAL AND CHEMICAL MEASUREMENTS 

  Physical habitat measurements included visual estimates of substrate 

composition, woody debris cover, and in-stream vegetation cover. Substrate assessments 

were based on the visible substrate layer, and included estimates of sand, fine and coarse 

particulate organic matter, and coarse fragments (>2 mm). Woody debris cover included 

dead woody material over 1.0 cm in diameter. Physical parameters were recorded at a 

representative 0.1-m
2
 area within each macroinvertebrate sample replicate location on six 

dates: November 2005 (i.e. one and three months prior to dredging at Sites 3 and 2, 

respectively), May 2006, August 2006, November 2006, May 2007, and August 2007.  

Chemical parameters were recorded at four locations on each stream during 

macroinvertebrate collection dates and three storm events:  September 7, 2007 (10-month 

storm), June 5, 2008 (1-year storm), and September 4, 2008 (10-year storm).  A Hydrolab 

DataSonde 4a (Hydrolab Corporation, Loveland, Colorado) was used to determine DO, 

DO saturation (%), oxidation-reduction potential (ORP), pH, specific conductance, 

temperature, and total dissolved solids (TDS). Water samples were collected in 1-liter 

acid-washed polyethylene bottles and analyzed for alkalinity, ammonium-N, chloride, 

nitrate-N, soluble reactive phosphorus (SRP), sulfate, and total phosphorus (TP). One 

duplicate water sample was collected from one randomly chosen location on each stream 

on each sample date. Repeated measurement errors were 3.0% for alkalinity, 7.6% for 

sulfate, 8.5% for nitrate-N, 9.2% for ammonium-N, 11.0% for SRP, 12.9% for TP, and 

13.3% for chloride. Laboratory analytical procedures and quality assurance/control 

followed recommended procedures outlined in Standard Methods for the Examination of 
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Water and Wastewater (APHA 1998). Laboratory detection limits were 0.01 mg/L for 

nitrate-N, SRP, and TP, 0.02 mg/L for ammonium-N, and 1 mg/L for chloride and 

sulfate. Matrix spikes and matrix spike duplicates for all analytes were analyzed at a 

frequency of 10% with precision limits of ±15% relative standard deviation and accuracy 

control limits of 90-110% recovery.  

 

HYDROLOGY 

To compare variations in streamflow rates and volumes in response to storm events, 

measured hydrographs for Ruddiman and Ryerson Creeks were constructed using field 

data obtained from Site 3 on each stream. These sites were located near the mouth of 

each stream, had the potential to demonstrate the flashiness of the system, and were not 

influenced by Muskegon Lake levels. A Marsh-McBirney Flo-Mate Model 2000 Flow 

Meter and top-setting wading rod were used to measure stream velocities and water 

column depths on a uniform and stable reach at Site 3 on each stream. Measurements 

were taken during the five macroinvertebrate collection dates (base flow conditions), one 

date each in September 2007 and September 2008 (10-month storm and 10-year storm), 

and two dates in November 2008 (base flow conditions). Stream discharge was calculated 

using the midsection method (Hauer and Lamberti 2006).  

In-situ Level TROLL 300 data-loggers were installed at Site 3 on each stream to 

record stage height continuously for two months during fall 2008.  Field measurements of 

water column depth were used to calibrate stage height data from the water level 

recorder. Rainfall data for this period were obtained from the Muskegon County Airport 
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weather station (43°10’12”N, 86°14’9”W), located approximately 7 km southeast of the 

sites on Ruddiman Creek.  If stage height data indicated a storm event, but rainfall was 

not recorded at the Muskegon County Airport, rainfall data from the Muskegon Yacht 

Club’s weather station (43°13'7''N, 86°19'21''W) was used. A La Crosse Technology 

Weather Station (model 2317U) was maintained at this site, located on Lake Michigan’s 

shoreline, 4 km northwest of the sites on Ruddiman Creek. 

Using stage height and discharge data collected in the field, a stage – discharge 

relationship was derived. This rating curved allowed for discharges to be predicted at 

stages other than those measured. Hydrographs for Site 3 on each stream were 

constructed for November 11 to 17, 2008, and September 2 to 7, 2008. During these time 

periods, minor storm events (≤ 1.1 cm within a 1 to 11-hour duration) and a 10-year 

storm event (8.9 cm within a 22-hour duration) were observed. 

 

STATISTICAL ANALYSES 

Substrate composition data were not statistically analyzed since these data were 

meant to be descriptive only. To compute inter-rater reliability estimates for the three 

field crews, intraclass correlation coefficients were calculated using relative 

macroinvertebrate abundance count data (SPSS version 14.0, Chicago, Illinois). This 

analysis was possible because field crews 1, 2, and 3 collected corresponding sample 

replicates 1, 2, and 3; for example, field crew 1 always collected sample replicate 1. 

Intraclass correlations ranged between 0.74 and 0.81, indicating that composite sample 
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replicates were highly correlated and, therefore, field crews were consistent in their 

collection methods.  

One-way repeated measures ANOVA was used to analyze water quality parameters 

(SPSS version 14.0, Chicago, Illinois); stream was treated as a fixed factor, sample date 

was treated as a repeated measure, and the four samples taken from different sites on each 

stream were treated as replicates.  Two-way repeated measures ANOVA was used to 

analyze sensitive taxa abundance (%), taxon diversity and richness, FBI and Wetland IBI 

scores, and woody debris and vegetative cover (%). Composite sample replicates 

explained the variability within sites, the experimental factor. For these analyses, stream 

was treated as a fixed factor, sites were nested within the stream variable, and sample 

dates were treated as a repeated measure. Shapiro-Wilk tests were used to test for 

normality, p>0.05. When sphericity could not be assumed (Mauchly’s test statistic was 

significant, p<0.05) the Greenhouse-Geisser corrected F-statistics were used. Means were 

compared using Bonferroni post-hoc tests (SPSS version 14.0, Chicago, Illinois). 

Differences were considered significant when p<0.05.  

Since my sampling methodology followed a Before-After Control-Impact paired 

design (BACIP) (Stewart-Oaten et al. 1986, Smith 2002), I analyzed differences in FBI 

scores following the BACIP model to assess the impact of sediment remediation 

activities on stream quality. The BACI approach tests whether a potential change in the 

environment is due to a stressor rather than temporal or regional variability. The BACIP 

analysis of FBI scores was used in addition to two-way repeated measures ANOVA test 

on actual FBI scores to evaluate score differences between streams and sites over time. 
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One-way ANOVA was used to test whether FBI score differences between the control 

stream and the impact stream changed following remediation activities. Since sites 

explained the variability within streams, FBI scores for composite sample replicates were 

averaged by site. Sample date was treated as a fixed factor rather than a repeated measure 

due to the small sample size (n=3) after averaging by site. Levene’s test was used to 

assess equality of variance.  Shapiro-Wilk tests were used to test for normality, p>0.05. In 

addition to comparing stream differences by date, site differences were also compared 

using a separate analysis. One-way repeated measures ANOVA was used to evaluate 

differences in FBI scores among control sites and impact sites. Since composite sample 

replicates explained the variability within sites, FBI scores for composite sample 

replicates were analyzed. Sample date was treated as a repeated measure and site was 

treated as a fixed factor. 

NMDS (Clarke 1993) was used to measure dissimilarity in macroinvertebrate 

composition among sites over time. To compare the immediate effects of remediation 

activities, August 2005 and May 2006 macroinvertebrate community compositions 

(based on individual taxa abundance (%)) were compared. Similarly, August 2005 and 

August 2007 communities were compared to assess overall changes during the project 

investigation. PC-ORD version 5.0 (McCune and Mefford 2006) was used to compile 

NMDS ordination plots. Analyses were completed with the Bray–Curtis distance 

measure, 500 maximum iterations, an instability criterion of 1E-8, six starting axes, 250 

real runs, and 250 randomized runs using the Monte Carlo test. Dimensionality was 

selected based on the lowest final stress value among the best solutions for each 
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dimension. Final stress values of selected dimensions were lower than that for 95% of the 

randomized runs.   

Permutational multivariate ANOVA, or PERMANOVA, (Anderson 2001, McArdle 

and Anderson 2001) was used to determine if changes in macroinvertebrate composition, 

as indicated by NMDS ordinations, were significant, p<0.05 (Anderson 2001). For this 

analysis factors were crossed, stream and date were treated as fixed, and sampling sites 

were nested within streams. Probabilities were based on unrestricted permutation of raw 

data (4,999 permutations) and Bray-Curtis dissimilarities. Pairwise comparisons (999 

permutations) were used to determine significant differences among means. Similarly, 

PERMANOVA also was used to analyze for differences in relative macroinvertebrate 

abundance using count data.  
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CHAPTER III 

RESULTS 

PHYSICAL AND CHEMICAL CHARACTERISTICS 

Streambed sediments of sampled habitats in Ryerson Creek were primarily sand 

overlain with fine particulate organic matter and, to a lesser extent, coarse particulate 

organic matter (Fig. 2b). Coarse fragments were observed in minimal amounts, typically 

at Sites 2 and 3.  Substrate composition was similar in Ruddiman Creek (Fig. 2a). Coarse 

fragments were found in the greatest amounts at Site 2, where cobble had been placed 

during sediment remediation. Substrate alterations resulted in greater habitat 

heterogeneity in Ruddiman Creek, but over time the deposition of fine sediment from 

upstream sources began to cover the cobble habitat (Nederveld, personal observation). 

Woody debris cover between streams was comparable over the study period (Fig. 3, 

Table 3). Prior to remediation activities, in-stream vegetation cover at Ruddiman Creek 

sites was more extensive than at Ryerson Creek sites (Fig. 4, Table 3). As a result of 

remediation activities, Typha, floating/submergent, and riparian cover were significantly 

reduced at all Ruddiman Creek sites.  By August 2006, riparian vegetation recovered at 

Ruddiman Creek sites and was comparable to Ryerson Creek sites, while recovery of 

Typha and floating/submergent vegetation was not observed until the end of the 

investigation in August 2007.  

During base flow conditions, inorganic contaminants (total dissolved solids and 

sulfates) were typically greater in Ruddiman Creek as compared to Ryerson Creek (Table 
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4, 5). Concentrations of these inorganic contaminants became reduced during storm 

flows, a trend less apparent in Ryerson Creek, which experienced smaller storm flow 

volumes relative to catchment size. In both study and reference systems, storm flow 

events resulted in elevated TP and SRP concentrations and undersaturation of DO; DO 

supersaturation was typically observed during base flow conditions.  

 

HYDROLOGY 

During the project investigation, base flow rates were typically greater in Ryerson 

Creek, the larger catchment. At comparable sites (Site 3), Ryerson Creek’s mean base 

flow rate was 0.13 + 0.03 m
3 

s
-1

 (mean + SE), while Ruddiman Creek’s mean was 0.06 + 

0.01 m
3 

s
-1

.  According to the rating curves developed for each stream, predicted base 

flow rates for stage heights observed at Site 3 on each stream, ranged from 0.02 to 0.15 

m
3 

s
-1

 for Ruddiman Creek and 0.05 to 0.35 m
3 

s
-1 

for Ryerson Creek.  

Storm events observed during the study period resulted in a rapid response in 

Ruddiman Creek’s measured hydrograph, while Ryerson Creek showed a more 

prolonged response for storms of similar intensity and duration (Fig. 5, 6).  Ruddiman 

Creek’s hydrograph also had a steeper recession limb indicating that it drained more 

rapidly between periods of rainfall. While minor storms typically produced comparable 

peak flow rates between streams (Fig. 5), larger storms produced substantially greater 

peak flow rates in Ruddiman Creek (Fig. 6). For the 10-year storm event occurring on 

September 4, 2008, Ruddiman Creek initially peaked at 0.89 m
3 

s
-1

, but Ryerson Creek’s 
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discharge only peaked at 0.46 m
3 

s
-1

. Peak flow rates in Ruddiman Creek reached their 

greatest rate 19 hours later at 1.3 m
3 

s
-1

, while Ryerson Creek never exceeded 0.54 m
3 

s
-1

. 

 

MACROINVERTEBRATE COMMUNITY STRUCTURE 

Macroinvertebrate taxa collected during the project investigation represented four 

phyla (Annelida, Anthropoda, Mollusca, and Platyhelminthes) and eight classes. Forty-

six taxa were collected in Ruddiman Creek, while forty taxa were collected in Ryerson 

Creek. In each stream, Gammarids dominated sample collections and the three most 

abundant taxa on any given date accounted for at least 2/3 of the total collection (Fig. 7).  

The community composition of Ruddiman Creek, dominated by Gammaridae and 

Chironomidae at pre-remediation, became dominated primarily by Chironomidae, 

Oligochaeta, and Gammaridae in May 2006 directly following remediation (Fig. 7a).  By 

August 2007, the macroinvertebrate community composition resembled that of pre-

remediation, however, Chironomidae and Physidae (tolerance score range 6-8) 

represented a smaller percentage of sample collections and Gammaridae, Haliplidae, and 

Planariidae (tolerance score range 4-6) represented a greater percentage. In comparison, 

sample collections from Ryerson Creek were dominated by Gammaridae and, to a far 

lesser extent, Asellidae (Fig. 7b). Gammaridae (tolerance score = 4) represented the vast 

majority of the sensitive taxa collected in Ryerson Creek. These organisms were 

observed to be typically larger and more robust in the reference stream in contrast to the 

study stream. 
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The NMDS ordination (a two-dimensional solution), comparing macroinvertebrate 

community structure of Ruddiman and Ryerson Creeks between August 2005 and May 

2006, revealed distinctly different community compositions (p<0.01, PERMANOVA). 

The ordination plot (Fig. 8) demonstrated a shift in community composition at Ruddiman 

Creek sites after stream remediation, resulting in a community that was less similar to 

that of Ryerson Creek sites. Samples collected from Site 1 on Ruddiman Creek, which 

was not dredged, were different from the remaining collection in May 2006 following 

remediation. The NMDS ordination (a two-dimensional solution), comparing 

macroinvertebrate community structure between August 2005 and August 2007, 

indicated that Ruddiman Creek sites had become more similar to Ryerson Creek sites 

after one and a half years of recovery (Fig. 9), but that community compositions were 

still markedly different (p<0.02, PERMANOVA).  

 

MACROINVERTEBRATE ABUNDANCE 

Relative macroinvertebrate abundance (counts per sample) represented a catch per 

unit effort. According to the sampling methodology, composite sample replicates could 

range from 75 to 450 total organisms, but the actual range was 59 to 546 organisms. 

Relative macroinvertebrate abundance was comparable between streams prior to 

remediation activities (Fig. 10a, Table 6). In May 2006 after the remediation of 

Ruddiman Creek, however, abundance counts significantly declined at Site 3, the most 

heavily remediated site (Fig. 10b, Table 6). While macroinvertebrate abundance at Sites 1 

and 2 were primarily unaffected in May 2006, the percentage of sensitive taxa (taxa with 
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tolerance scores between 0 and 5) declined, especially at Site 1 (Fig. 11b, Table 6). A 

second significant decline in relative macroinvertebrate abundance was observed 

following a storm event in May 2007 when abundance counts at all three Ruddiman 

Creek sites, especially Sites 1 and 2, declined noticeably in comparison to the previous 

sample date (Fig. 10b, Table 6). At the conclusion of the project, after one and half years 

of recovery, relative macroinvertebrate abundance in Ruddiman Creek was comparable to 

levels at pre-remediation and those observed in Ryerson Creek (Fig. 10a, Table 6). The 

abundance of sensitive taxa (%), however, had markedly grown between August 2005 

and August 2007 (p<0.01, Bonferroni), a trend not observed in the reference stream (Fig. 

11a, Table 6).  

 

MACROINVERTEBRATE DIVERSITY  

Diversity of the macroinvertebrate community inhabiting Ruddiman Creek was 

markedly greater than that of Ryerson Creek throughout the investigation, except in May 

2006 following stream remediation (e.g. Fig. 12a, Table 6). Greater diversity within 

Ruddiman Creek corresponded to greater overall taxon richness and evenness of the 

macroinvertebrate community. Taxon evenness within Ruddiman Creek was fairly 

constant over time (Fig. 13a, Table 6), and did not significantly differ between August 

2005 and August 2007 (p>0.05, Bonferroni). Mean taxon richness, however, grew from 

14.3 in August 2005 to 19.3 in August 2007 (p=0.01, Bonferroni) to include additional 

Hemiptera and Coleoptera taxa, while mean richness in Ryerson Creek ranged only from 

11.1 to 12.6 (p>0.05, Bonferroni) during this period (Fig.14a, Table 6).  Regarding 
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Ruddiman Creek study sites, Site 3 was significantly more diverse than Sites 1 and 2 

initially but by August 2006 was comparable to Sites 1 and 2.  

 

INDICES OF BIOTIC INTEGRITY 

FBI scores indicated better stream condition in Ryerson Creek as compared to 

Ruddiman Creek throughout the two-year investigation (Fig. 15a, Table 6). The 

macroinvertebrate community of Ryerson Creek demonstrated “good” to “fair” stream 

quality, while macroinvertebrates inhabiting Ruddiman Creek signified “fair” to “fairly 

poor” stream quality.  

In May 2006 following stream remediation activities, both FBI and Wetland IBI 

scores indicated a decline in habitat quality at Ruddiman Creek sites (Fig. 15b, Table 6 – 

Sites 1 and 2, Fig. 16, Table 6 – Site 3), but degradation was not significant (Fig. 17, 

Table 7). Recovery of Ruddiman Creek’s macroinvertebrate community in August 2006 

following remediation activities was rapid and substantial (Fig. 17a, Table 7), especially 

at Site 1 (Fig. 17b, Table 7), which was not dredged. During post-remediation, FBI scores 

indicated that Ruddiman Creek sites experienced significant improvement in stream 

quality between August 2005 and August 2007 (p<0.01, Bonferroni). Based on FBI and 

Wetland IBI scores, Site 3 fell between “fair” (Fig 15b, Table 6) to “moderately 

impacted” (Fig. 16, Table 6) habitat quality at the end of the investigation in August 

2007. Site 2 remained in fair condition, while Site 1 conditions had improved 

demonstrating the highest stream quality (Fig. 15b, Table 6). Reference and study sites 

farther upstream showed higher water quality than sites farther downstream. 
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According to FBI scores at pre-remediation, Site 3 on Ruddiman Creek was 

markedly degraded in stream quality (“fairly poor”) as compared to Sites 1 and 2 at pre-

remediation (Fig. 15b, Table 6), despite the fact that Site 3 demonstrated the greatest 

habitat heterogeneity in comparison. Wetland IBI scores, however, indicated that Site 3 

on Ruddiman Creek was only “mildly impacted” suggesting Site 3, which exhibited 

strong wetland characteristics, was the least degraded study site initially (Fig. 16, Table 

6). In May 2006 immediately following the dredging and removal of sediment the 

Wetland IBI, unlike the FBI, indicated a decline in habitat quality at Site 3 (Fig. 15b, 16, 

17b; Table 6, 7).  In August 2006, following stream remediation, both the FBI and 

Wetland IBI suggested habitat recovery, but FBI and Wetland IBI trends differed during 

post-remediation.  The FBI indicated a slight decline in habitat quality after August 2006 

but signified overall improvement by the end of the investigation (Fig. 15b, 17; Table 6, 

7), while Wetland IBI trends indicated Site 3 was still in the process of recovery in 

August 2007 (Fig.16, Table 6).  

Ruddiman Creek site trends in FBI scores followed site trends in Gammaridae 

populations, with few exceptions. That is, if Gammaridae percentages increased at a site 

between dates, FBI scores indicated an improvement in stream quality. Although 

Gammaridae percentages were significantly greater in the reference stream, Ryerson 

Creek values did not follow this trend. Rather, values corresponded to site trends in 

sensitive taxa abundance (%), with few exceptions (Fig. 11a, Table 6). This taxa group 

consisted primarily of Gammaridae, Baetidae, and Haliplidae. 
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CHAPTER IV 

DISCUSSION 

While the macroinvertebrate community inhabiting Ruddiman Creek was more 

diverse and rich (Fig.12a, 14a; Table 6) in comparison to the reference stream prior to 

stream remediation, it typified a more degraded aquatic system. The NMDS ordination 

(Fig. 8) revealed that macroinvertebrate compositions of the study and reference streams 

were distinct.  While the reference system was dominated by taxa considered sensitive to 

water and habitat quality degradation (primarily Gammaridae), Ruddiman Creek was 

dominated by tolerant organisms (Fig. 11a, Table 6). Similarly, other studies have 

observed reduced abundances of sensitive taxa in response to activities related to urban 

development (Stepenuck et al. 2002, Davis et al. 2003, Roy et al. 2003) and sediment 

contamination (Cooper et al. 2006). The FBI revealed that macroinvertebrate community 

composition in Ruddiman Creek was indicative of degraded water quality conditions, 

while the community composition of the reference stream indicated higher stream quality 

(Fig. 15a, Table 6).  Findings indicated that greater diversity of the macroinvertebrate 

community does not always imply better stream condition when the community is 

dominated by taxa tolerant to poor habitat and water quality.  Since disturbance does not 

always result in a strong effect on species diversity (Mackey and Currie 2001), I suggest 

a note of caution when using diversity metrics as a sole indicator of stream condition.  

Following the dredging and removal of sediment in Ruddiman Creek, subsequent 

changes to macroinvertebrate community structure (Fig. 7a, 8) indicated immediate 
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degradation of stream quality (Fig. 15a, Table 6), but changes were not marked (Fig. 17a, 

Table 7). Since remediation activities were the most substantial at Site 3, greater 

reductions in relative macroinvertebrate abundance at this study site were expected (Fig. 

10b, Table 6). All three study sites experienced an immediate reduction in the percentage 

of sensitive taxa (primarily Gammaridae) leaving sample collections at study sites 

dominated by smaller numbers of tolerant organisms (Fig. 11b, Table 6). Similarly, other 

studies (Bonvincini et al. 1985, Quigley and Hall 1999, and Gilkinson et al. 2005) have 

found significant and immediate changes to macroinvertebrate community structure as a 

result of dredging activities. Despite initial declines in macroinvertebrate abundance, 

recovery was rapid. Harvey (1986) also observed rapid recovery of invertebrate 

communities after stream substrate alterations by suction dredging. Rapid recovery in 

Ruddiman Creek was attributed to recolonization of dredge areas by macroinvertebrates 

from undisturbed areas. Bonvincini et al. (1985) and Gjerløv et al. (2003) also observed 

rapid recolonization of denuded substrate by benthic macroinvertebrates in response to 

disturbance.  

Post-remediation changes at Site 1, which did not undergo dredging, were 

attributed to upstream remediation activities (Table 1). Construction activities likely 

resulted in the downstream propagation of fine sediment. Deposition of this fine sediment 

had the potential to smother the streambed accounting for reductions in aquatic 

vegetation (Edwards 1969, Brookes 1986) and changes in macroinvertebrate community 

structure (Wood and Armitage 1997, Shaw and Richardson 2001, Kaller and Hartman 

2004, Rabeni et al. 2005). Results demonstrated that upstream remediation activities were 
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able to significantly impact areas approximately 300 meters downstream. Subsequent 

improvements in stream condition at Site 1 (Fig. 15b, 17b; Table 6, 7), after one and a 

half years of recovery, are ascribed to the installation of upstream structures intended to 

reduce hydrologic extremes. The capability of detention basins to effectively regulate 

stormwater flows has been documented (Roesner et al. 1988). Appropriate detention 

basin sizing, however, has been shown to be critical for minimizing stormwater runoff 

impacts to receiving waters (Heitz et al. 2000). Although conditions at Site 1 improved 

after sediment remediation, and are attributed to hydrologic improvements, hydrologic 

instability continued to impact the system. Results suggested that the detention basin may 

be too small to address the systemic hydrologic fluctuations observed in Ruddiman Creek 

in response to major storm events. 

Although Site 2 demonstrated slow but steady improvement during post-remediation 

between August 2006 and August 2007 (Fig. 15b, Table 6), its recovery appeared to 

stagnate relative to the other two study sites, possibly due its location downstream of the 

Glenside Boulevard stream crossing. Road/stream crossings and associated road networks 

are known to negatively impact aquatic ecosystem processes by influencing peak flow 

rates and sediment transport, as well as contributing heavy metals and organic 

contaminants (Jones et al. 2000, Trombulak et al. 2000).  The two parallel culverts 

upstream of Site 2 produced a strong, channelized flow that scoured the streambed during 

major storm events and caused redeposition of sediments downstream (Nederveld, 

personal observation).  The impact of the road/stream crossing upon the aquatic 
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ecosystem may limit the potential for further stream improvement in stream condition at 

Site 2. 

According to the FBI, Site 3 was the most degraded study site at pre-remediation 

(Fig. 15b, 17b; Table 6, 7), but the Wetland IBI indicated high habitat quality (Fig. 16, 

Table 6). Site 3 not only exhibited complex habitat heterogeneity at pre-remediation, but 

strong wetland character. Wetlands are characterized by anaerobic soils, and therefore, 

naturally low DO levels (White 1985, Mitsch 1989).  Davis et al. (1999) found that 

natural stream stressors, such as low DO, could render a biotic index ineffective at 

distinguishing between reference and impact sites. The lowest DO % saturation values 

were typically observed at Site 3 on Ruddiman Creek (Table 4, 5). It seemed likely that 

the poor habitat quality conditions indicated at Site 3 by the FBI were due to the 

influence of adjacent wetlands and not greater stream degradation. High habitat quality 

conditions indicated by the Wetland IBI at Site 3, therefore, seemed more probable.  Site 

3’s growing departure from reference conditions based on the FBI during post-

remediation after August 2006 (Fig. 15b, 16, Table 6, 7), may have been the result of 

returning hydrophytic vegetation. 

Overall improvement in habitat quality at Site 3, as indicated by the FBI (Fig. 15b, 

17b; Table 6, 7), was presumably a result of the removal of contaminated sediments. 

Heavy metal concentrations have been shown to influence the structure of 

macroinvertebrate communities (Winner et al. 1980, Clements 1994, Clements et al. 

2000, Maret et al. 2003, Pollard and Yuan 2006, Doi et al. 2007). After the reduction of 

heavy metals and organic contaminants, macroinvertebrate communities have 
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demonstrated recovery (Hoiland et al. 1994, Nelson and Roline 1996, Adams et al. 2005). 

Post-dredge samples collected from the main branch of Ruddiman Creek in 2006 were 

reported as meeting MDEQ’s site-specific sediment cleanup criteria for cadmium, 

chromium, lead, PCBs, and benzo(a)pyrene, with the exception of average PCB 

concentrations at two dredge areas upstream of study sites (Janesak 2006). Despite 

sediment contamination improvements at Site 3, unstable hydrology remained a concern 

based on hydrologic observations (Figs. 5, 6).   

By the conclusion of the investigation in August 2007, the macroinvertebrate 

community inhabiting Ruddiman Creek was comparable to that of pre-remediation. In 

comparison to Ryerson Creek, Ruddiman Creek remained similar in abundance (Fig. 10a, 

Table 6), greater in diversity and richness (Fig. 12a, 14a; Table 6), and remained more 

degraded in stream condition (Fig. 15a, 17a; Table 6, 7). While post-remediation changes 

were not substantial, only one and a half years of recovery were assessed. In an extensive 

literature review, Niemi et al. (1990) found most freshwater systems exposed to major 

disturbances recovered within three years, but that habitat alterations resulted in more 

prolonged recovery times. While Ruddiman Creek recovered to pre-remediation 

conditions quickly, reference conditions were not approached during the investigation. 

Nelson and Roline (1996) found that following the reduction of in-stream metal 

contaminants aquatic invertebrate communities were comparable to reference sites within 

approximately two years. Chadwick et al. (1986), however, found limited recovery ten 

years after reduced in-stream metal concentrations due to remaining metal-contaminated 

sediments.  Since this assessment followed only approximately one and a half years of 
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recovery, a long-term bioassessment is necessary to determine ultimate changes to the 

aquatic ecosystem of Ruddiman Creek as the result of sediment remediation.  

Although stream quality did not approach that of Ryerson Creek after one and a half 

years of recovery, changes indicating limited stream improvement did occur. 

Macroinvertebrate community structure in Ruddiman Creek became more similar to that 

of Ryerson Creek (Fig. 9). Although Gammaridae dominated the initial and final 

Ruddiman Creek collections, the remaining community changed to include greater 

representation of sensitive species, including Haliplidae and Planariidae, and less 

representation of tolerant taxa, Chironomidae and Physidae (Fig. 7a). The 

macroinvertebrate community became markedly more rich (Fig. 14a, Table 6) and more 

abundant in sensitive taxa (%) (Fig. 11a, Table 6), indicating a significant improvement 

in stream quality (Fig. 15a, Table 6).   

Water quality results suggested that Ruddiman and Ryerson Creeks typified the 

generally degraded water quality conditions often associated with urban streams (Lenat 

and Crawford 1994, Trimble 1997, Paul and Meyer 2001, Meyer et al. 2005, Tang 2005, 

Walsh et al. 2005). Substantial variation in DO % saturation values and elevated nutrient 

concentrations during storm flows, as well as inorganic contamination of Ruddiman 

Creek, were indicative of chronic water quality impairments in study and reference 

streams. DO % undersaturation is characteristic of elevated biochemical oxygen demand, 

while supersaturation is symptomatic of high rates of photosynthesis driven by nutrient 

enrichment (Correll 1998). Nutrient enrichment of urban watersheds, as a result of 

nonpoint source pollution, is a common impairment to aquatic ecosystems (Carpenter et 
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al. 1998). Although water quality parameters were able to provide a “snapshot” of stream 

conditions at a specific place and time, I found they were not a good indicator of overall 

changes in stream quality following remediation. The results of my study point to the 

necessity of bioassessments in augmenting one’s understanding of the aquatic 

environment and stream condition (Shapiro et al. 2008).  

While water quality conditions during storm flows did not differ substantially 

between streams, hydrologic responses did, suggesting that episodic habitat disruption 

was the primary cause of differences noted in macroinvertebrate communities. Measured 

hydrographs for Ruddiman Creek’s main branch peaked early and had relatively high 

peak flow rates in comparison to Ryerson Creek (Fig. 5, 6).  Peak flow rates and volumes 

were substantial during the 10-year storm event observed on September 4, 2008.  At the 

time of the investigation, over 4/5 the Ruddiman Creek watershed was developed (MSU 

RSGIS 1998) and 2/3 was drained by storm sewer infrastructure connected to surface 

waters. In comparison, the Ryerson Creek watershed, although urbanized on its western 

portion, had a significantly greater percentage (36% vs. 14% of total watershed area) of 

forests and open lands (MSU RSGIS 1998), as well as very limited storm sewer inputs. 

Because urban development tends to alter the hydrologic regime (Richards 1990, Poff et 

al. 1997), often increasing the magnitude and frequency of high flows (Konrad and Booth 

2005), I attribute the hydrologic conditions observed in Ruddiman Creek to the 

substantial urbanization of the watershed. 

Similar to investigations by Pratt et al. (1980) and Gray (2004), I found hydrologic 

alterations had the potential not only to alter the hydrologic regime, but to significantly 
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impact macroinvertebrate communities. During the May 2007 collection, a previous high 

flow event, indicated by freshly undercut banks, had noticeably scoured the streambed at 

Ruddiman Creek sites. Macroinvertebrate abundances were similarly reduced at all study 

sites, consistent with a systemic effect. Elevated flow rates can disrupt aquatic habitat 

(Scullion and Stinton 1983, Gurtz et al. 1988, Wood and Armitage 1997) and 

subsequently dislodge, damage, or kill aquatic invertebrates (Sagar 1983, Feminella and 

Resh 1990). Despite evidence of some hydrologic improvement at Site 1, as a result of 

the installation of upstream structures, hydrologic fluctuations appeared to have the 

potential to influence macroinvertebrate community structure at Ruddiman Creek sites 

through habitat modifications. Restoring the hydrologic regime to more natural 

conditions will likely be necessary to improve ecological integrity within Ruddiman 

Creek. Likewise, Cooper et al. (2009) reported that hydrologic improvements were 

needed in addition to sediment remediation to enhance aquatic invertebrate communities 

of a similarly impacted system also located in western Michigan. 

Ruddiman Creek was remediated primarily to reduce elevated levels of heavy metal 

and organic contaminants. My investigation sought to assess the impacts on the 

macroinvertebrate community from the dredging and removal of contaminated sediments 

to assess changes in stream condition. When both physical and chemical disturbances are 

present in streams, however, physical factors have been shown to have a more dominant 

role in structuring the macroinvertebrate community (Peeters et al. 2001, Carew et al. 

2007). While heavy metals impact macroinvertebrate communities (Clements 1994, 

Clements et al. 2000, Pollard and Yuan 2006, Doi 2007, Cooper et al. 2009), my data 
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show that it is difficult to attribute specific chemical contaminant impacts to a location 

when physical disturbances, such as extreme hydrologic fluctuations, are also present.  
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CHAPTER V 

CONCLUSIONS 

My investigation evaluated the success of the Ruddiman Creek remediation 

project in terms of its impact on the macroinvertebrate community. An assessment of the 

biotic community would otherwise not be directly evaluated.  I observed an initial 

reduction in macroinvertebrate abundance, diversity, and richness of Ruddiman Creek 

after sediment remediation due to direct removal of organisms and habitat destruction. 

Macroinvertebrate metrics were very sensitive to this effect, whereas physical and 

chemical water quality measurements did not detect these impacts.  After approximately 

one and a half years of recovery, stream quality of Ruddiman Creek had not reached 

reference conditions. The FBI suggested significant improvement in stream quality did 

occur, however, as indicated by a greater abundance of sensitive taxa (%) and a richer 

macroinvertebrate community. Further improvements in stream condition appear to be 

limited by chronically degraded water quality and hydrologic instability. Results of my 

study indicate that additional restoration actions are needed to improve the ecological 

integrity of Ruddiman Creek, and similarly impacted urban stream systems. Future 

restoration strategies will need to consider and address the interrelated and complex 

factors associated with sediment contamination, degraded water quality, and altered 

hydrology to effectively achieve further ecological improvement within this urban 

system.  
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Table 1. Remediation practices implemented between September 2005 and April 2006 at 

study sites.  Ruddiman Creek, Muskegon County, Michigan, USA. 

 

Site Dredge 

Depth

Dredge 

Volume

Replacement 

Sediment (depth)

Upstream Remediation

Practices

Riparian Area

Restoration 

Activities

1 0 m None None Dredging, detention 

basin, channel 

armoring, riprap wing 

dams (2)

None

2 0.31 m 176 m
3 Sand (0.15 m),  

7.62-cm cobble 

(0.15 m)

Dredging, braided 

stream pattern, riffle 

structure

Seeding

Bank slope 

grading, 

seeding

3 0.61 - 

1.83 m
931 m

3 Sand (0.15 m) Dredging, riffle 

structure
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Table 2. Vegetation types present at study and reference sites. Ruddiman and Ryerson 

Creeks, Muskegon County, Michigan, USA.  

 

Stream Site 1 Site 2 Site 3 

Ruddiman Creek floating/submergent, 

riparian 

floating/submergent, 

riparian, Typha 

floating/submergent, 

riparian, Typha 

Ryerson Creek floating/submergent, 

riparian 

floating/submergent, 

riparian, Typha 

floating/submergent, 

riparian, Typha 

 

 

Table 3. Significance probabilities from two-way repeated measures ANOVA for 

vegetative and woody debris cover data. Ruddiman and Ryerson Creeks, Muskegon 

County, Michigan, USA. 

 

Variable Date
1

Stream
1

Site(Stream)
1

Date x Stream
2

Date x Site(Stream)
2

Vegetative Cover (%) <0.01
a

0.86 0.01 <0.01
a

<0.01
a

Woody Debris Cover (%) 0.17
a

0.17 0.07 0.76
a

0.41
a

Significant p values (<0.05) are given in bold face.

1
 p values for main effects. 

2
 p values for interaction effects. 

Source of Variation

a 
The Greenhouse-Geisser correction was applied to the degrees of freedom to produce a valid F-

ratio since data violated the sphericity assumption.
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Table 4. Mean water quality parameter values. Ruddiman and Ryerson Creeks, 

Muskegon County, Michigan, USA.  
S
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Base flow conditions

8/12/05† 0.1 46.7 77.6 6.4 74.8 0.1 1.0 339.0 7.9 36.9 557.2 0.0 0.4 22.0 0.1

5/22/06 0.1 39.6 152.9 10.6 109.2 0.1 1.6 355.5 8.0 58.6 990.6 0.0 0.6 15.1 0.0

8/14/06 0.0 40.9 150.8 9.4 102.0 0.1 1.2 346.5 8.0 46.9 1010.5 0.0 0.6 20.2 0.0

5/21/07 0.0 39.0 194.3 13.7 139.7 0.1 1.3 331.0 8.3 50.8 1048.3 0.0 0.7 15.2 0.0

8/13/07 0.0 33.2 140.8 7.5 85.5 0.2 1.2 337.5 7.8 45.3 870.1 0.0 0.6 20.2 0.0

Mean 0.1 39.9 143.2 9.5 102.2 0.1 1.2 341.9 8.0 47.7 895.3 0.0 0.6 18.5 0.0

SE 0.0 2.2 18.8 1.3 11.1 0.0 0.1 4.2 0.1 3.5 89.6 0.0 0.1 1.4 0.0

8/19/05† 0.1 61.6 148.4 7.0 74.4 0.0 1.1 568.3 7.6 25.6 840.0 0.0 0.5 17.2 0.1

5/19/06 0.3 26.0 88.7 10.6 102.3 0.1 1.0 360.8 8.0 24.5 587.6 0.0 0.4 12.6 0.0

8/21/06 0.1 35.4 158.8 8.3 87.1 0.1 1.2 369.0 7.8 32.1 887.2 0.0 0.6 16.7 0.0

5/22/07 0.1 35.1 162.3 10.0 104.1 0.1 1.0 345.0 8.1 23.0 826.6 0.0 0.5 16.3 0.0

8/14/07 0.1 36.6 179.5 8.0 83.4 0.1 1.2 359.8 7.9 31.8 908.5 0.0 0.6 16.2 0.0

Mean 0.1 38.9 147.5 8.7 90.3 0.1 1.1 400.6 7.9 27.4 810.0 0.0 0.5 15.8 0.0

SE 0.0 6.0 15.5 0.7 5.7 0.0 0.1 42.1 0.1 1.9 57.6 0.0 0.0 0.8 0.0

Storm flow conditions

9/7/07 0.5 8.7 16.3 6.9 79.5 0.2 0.4 333.5 7.7 8.0 135.1 0.1 0.1 21.5 0.1

6/5/08 NA 34.5 12.0 7.1 75.9 0.1 0.2 313.3 7.5 4.5 106.2 0.0 0.1 17.6 0.1

9/4/08 1.3 42.0 18.3 8.8 90.1 0.2 0.4 315.8 7.9 6.5 100.3 0.1 0.1 16.3 0.2

Mean 0.9 28.4 15.5 7.6 81.8 0.2 0.3 320.9 7.7 6.3 113.8 0.0 0.1 18.5 0.1

SE 0.4 10.1 1.8 0.6 4.3 0.0 0.1 6.4 0.1 1.0 10.7 0.0 0.0 1.6 0.1

9/7/07 0.5 11.6 39.3 5.5 61.6 0.1 0.4 336.0 7.5 8.5 254.7 0.1 0.2 20.5 0.2

6/5/08 NA 43.0 28.5 5.5 58.3 0.1 0.3 317.0 7.2 6.5 171.3 0.0 0.1 17.3 0.1

9/4/08 0.5 47.3 35.8 7.4 74.1 0.1 0.3 314.8 7.9 8.0 232.8 0.1 0.2 15.5 0.1

Mean 0.5 34.0 34.5 6.1 64.7 0.1 0.3 322.6 7.5 7.7 219.6 0.1 0.1 17.8 0.1

SE 0.0 11.2 3.2 0.6 4.8 0.0 0.0 6.7 0.2 0.6 25.0 0.0 0.0 1.4 0.0

† Pre-remediation sample date.

‡ Discharges by date represent actual values and not means.

R
u

d
d

im
an

R
y

er
so

n
R

u
d

d
im

an
R

y
er

so
n

 

 

 

 

 



 

 37 

Table 5. Significance probabilities from one-way repeated measures ANOVA for water 

quality data measured during base and storm flow conditions between August 2005 and 

August 2007. Ruddiman and Ryerson Creeks, Muskegon County, Michigan, USA. 

 

Variable Date
1

Stream
1

Date x Stream
2

Date
1

Stream
1

Date x Stream
2

Alkalinity (mg/L) <0.01
a

0.64 0.03
a

<0.01 0.01
a

0.49

Cl (mg/L) <0.01
a

0.72 <0.01
a

0.08 <0.01 0.58

DO (mg/L) <0.01 0.17 <0.01 <0.01 <0.01 0.43

DO% Saturation <0.01 0.12 <0.01 <0.01 <0.01 0.47

NH3-N (mg/L) 0.22
a

0.07 0.23
a

<0.01 <0.01 0.01

N03-N (mg/L) 0.02
a

0.18 <0.01
a

<0.01 0.62 0.04

ORP (mV) <0.01 <0.01 <0.01 0.04 0.83 0.95

pH <0.01
a

0.19 0.01
a

<0.01 <0.01 0.01

SO4 (mg/L) 0.04
a

<0.01 0.01
a

0.03 0.31 0.71

Specific Conductance (µS/cm) 0.01
a

<0.05 <0.01
a

<0.01 <0.01 <0.01

SRP (mg/L) 0.31
a

0.01 0.54
a

<0.01 0.42 0.01

TDS (g/L) 0.01
a

<0.05 <0.01
a

<0.01 <0.01 <0.01

Temperature (°C) <0.01 0.01 <0.01 <0.01 <0.01 <0.01

TP (mg/L) 0.02
a

0.09 0.28
a

<0.01 0.50 0.03

Significant p values (<0.05) are given in bold face.

1
 p values for main effects. 

2
 p values for interaction effects. 

a
 The Greenhouse-Geisser correction was applied to the degrees of freedom to produce a valid F-ratio since 

data violated the sphericity assumption.

Base flow conditions

Source of Variation

Storm flow conditions
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Table 6. Significance probabilities from ANOVA and PERMANOVA for 

macroinvertebrate community data. Ruddiman and Ryerson Creeks, Muskegon County, 

Michigan, USA. 

 

Metric Date
1

Stream
1

Site(Stream)
1

Date x Stream
2

Date x Site(Stream)
2

Family-level Biotic Index
a 

<0.01 <0.01 0.04 <0.01 0.03

Pielou's Evenness (J)
a

<0.01 <0.01 0.02 <0.01 0.08

Relative Abundance (Count)
b

<0.01 <0.01 <0.01 <0.01 <0.01

Sensitive Taxa (%)
a

<0.01 <0.01 0.15 <0.01 <0.01

Shannon's Diveristy (H')
a

0.41 <0.01 0.03 <0.01 0.15

Simpson's Diversity (1/D)
a

0.23 <0.01 0.07 <0.01 0.03

Taxon Richness
a

<0.01 <0.01 0.06 <0.01 0.02

Wetland Index of Biotic Integrity
c

<0.01 0.47 - <0.05 -

Significant p values (<0.05) are given in bold face.

a
 Composite sample replicates analyzed using two-way repeated measures ANOVA.

b
 Composite sample replicates analyzed using PERMANOVA.

c 
Composite sample replicates for Site 3 on both streams analyzed using two-way repeated measures ANOVA.

1 
p values for main effects, if applicable.

2 
p values for interaction effect, if applicable.

Source of Variation
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Table 7. Significance probabilities from Before-After Control-Impact paired model for 

family-level biotic index scores. Ruddiman and Ryerson Creeks, Muskegon County, 

Michigan, USA. 

 

 
 Source of Variation 

Metric Date
1
 Site

1
 Date x Site

2
 

Family-level Biotic Index
a
  0.02 - - 

Family-level Biotic Index
b
  <0.01 0.97 <0.01 

Significant p values (<0.05) are given in bold face. 

 a
 Mean composite sample replicates by site analyzed using one-way 

ANOVA. 

b
 Composite sample replicates analyzed using one-way repeated 

measures ANOVA. 

1 
p values for main effects, if applicable. 

  2 
p values for interaction effect, if 

applicable. 
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Fig. 1. Map of study and reference sites located within the Ruddiman Creek and Ryerson 

Creek watersheds, Muskegon County, Michigan, USA. 
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Fig. 2. Mean substrate composition at Ruddiman and Ryerson Creek sites, including 

sand, fine particulate organic matter (FPOM), coarse particulate organic matter (CPOM), 

and coarse fragments. Arrow (  ) indicates the division between pre and post-remediation. 
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Fig. 3. Mean (±SE) woody debris cover at Ruddiman and Ryerson Creeks sites. No 

significant site x date interaction effect was revealed by two-way ANOVA. Arrow (  ) 

indicates the division between pre and post-remediation. 

 



 

 43 

a

a

a

a

a a

ab

a

b
a a

a

a

a

a

a

b

ab

0

20

40

60

80

100

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

In
-s

tr
e

a
m

 V
e

g
e

ta
ti

o
n

 C
o

v
e

r 
(%

)

A) Ruddiman Creek

November 2005          May 2006             August 2006       November 2006         May 2007            August 2007

 

a

a

a

a

a

a

a

a

a

ab

b

a

b

ab

a

a

a

a

0

20

40

60

80

100

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

In
-s

tr
e

a
m

 V
e

g
e

ta
ti

o
n

 C
o

v
e

r 
(%

)

B) Ryerson Creek

November 2005          May 2006            August 2006        November 2006         May 2007            August 2007

 
Fig. 4. Mean (±SE) in-stream vegetation cover at Ruddiman and Ryerson Creeks sites. 

Bars with different lettering within a sampling date differ significantly. Arrow (  ) 

indicates the division between pre and post-remediation. 
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Fig. 5. Hydrographs (A) and rainfall data (B) for Site 3 on Ruddiman and Ryerson Creeks 

showing a response to minor storm events (≤ 1.1 cm within a 1 to 11-hour duration) 

between November 11 to 17, 2008. 
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Fig. 6. Hydrographs (A) and rainfall data (B) for Site 3 on Ruddiman and Ryerson Creeks 

showing a response to a 10-year storm event (8.9 cm within a 22-hour duration) between 

September 2 to 7, 2008. 
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Fig. 7. Mean relative abundances of macroinvertebrate taxa collected from Ruddiman and 

Ryerson Creeks. Arrow (  ) indicates the division between pre and post-remediation. 
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Fig. 8. Non-metric multidimensional scaling plot of macroinvertebrate community 

composition data collected from Ruddiman (RU) and Ryerson (RY) Creeks at study and 

reference sites (1-3) during August 2005 (A05) and May 2006 (M06). 
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Fig. 9. Non-metric multidimensional scaling plot of macroinvertebrate community 

composition data collected from Ruddiman (RU) and Ryerson (RY) Creeks at study and 

reference sites (1-3) during August 2005 (A05) and August 2007 (A07). 
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Fig. 10. Mean (±SE) relative abundance (mean counts per composite sample) of 

macroinvertebrates collected from Ruddiman and Ryerson Creeks (A) and Ruddiman 

Creek sites (B). Bars with different lettering within a sampling date differ significantly. 

Arrow (  ) indicates the division between pre and post-remediation. 



 

 50 

b

b

b

b b

a

a
a a

a

0

10

20

30

40

50

60

70

80

90

100

August 2005 May 2006 August 2006 May 2007 August 2007

S
e

n
s

it
iv

e
 T

a
x

a
 (

%
)

Ruddiman Creek

Ryerson Creek

A

a

b

ab
a

a

a

a

b

a

a

b

a

a
a a

0

10

20

30

40

50

60

70

80

90

100

August 2005 May 2006 August 2006 May 2007 August 2007

S
e

n
s

it
iv

e
 T

a
x

a
 (

%
)

Site 1 Site 2 Site 3

Ruddiman Creek B

 
Fig. 11. Mean (±SE) composition percentage of sensitive taxa collected from Ruddiman 

and Ryerson Creeks (A) and Ruddiman Creek sites (B). Bars with different lettering 

within a sampling date differ significantly. Arrow (  ) indicates the division between pre 

and post-remediation. 



 

 51 

a

a
a

a

a

a

b

b
b

b

0

1

2

3

4

5

6

7

August 2005 May 2006 August 2006 May 2007 August 2007

S
im

p
s

o
n

's
 D

iv
e

rs
it

y
 I

n
d

e
x

 (
1

/D
)

Ruddiman Creek

Ryerson Creek

A

b

b

a
a aab

b a
a

a

a a

a

a

a

0

1

2

3

4

5

6

7

August 2005 May 2006 August 2006 May 2007 August 2007

S
im

p
s

o
n

's
 D

iv
e

rs
it

y
 I

n
d

e
x

 (
1

/D
) 

Site 1 Site 2 Site 3

Ruddiman Creek B

 
Fig. 12. Mean (±SE) Simpson’s Diversity Index values for Ruddiman and Ryerson 

Creeks (A) and Ruddiman Creek sites (B). Bars with different lettering within a sampling 

date differ significantly. Arrow (  ) indicates the division between pre and post-

remediation. 
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Fig. 13. Mean (±SE) Pielou’s Evenness Index values for Ruddiman and Ryerson Creeks 

(A) and Ruddiman Creek sites (B). No significant site x date interaction effect was 

revealed by two-way ANOVA. Bars with different lettering within a sampling date differ 

significantly. Arrow (  ) indicates the division between pre and post-remediation. 
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Fig. 14. Mean (±SE) taxon richness of macroinvertebrates collected from Ruddiman and 

Ryerson Creeks (A) and Ruddiman Creek sites (B). Bars with different lettering within a 

sampling date differ significantly. Arrow (  ) indicates the division between pre and post-
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Fig. 15. Mean (±SE) family-level biotic index (Hilsenhoff 1988) scores of Ruddiman and 

Ryerson Creeks (A) and at Ruddiman Creek sites (B) indicating stream quality 

conditions. Bars with different lettering within a sampling date differ significantly. Arrow 

(  ) indicates the division between pre and post-remediation. 
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Fig. 16. Mean (±SE) Wetland Index of Biotic Integrity (Uzarski et al. 2004) scores 

determined for Site 3 on Ruddiman and Ryerson Creeks indicating wetland quality 

conditions. Bars with different lettering within a sampling date differ significantly. Arrow 

(  ) indicates the division between pre and post-remediation. 
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Fig. 17. Absolute mean (±SE) differences of family-level biotic index (Hilsenhoff 1988) 

scores between Ruddiman and Ryerson Creeks (A) and at Ruddiman and Ryerson Creek 

sites (B). Bars with different lettering within a sampling date differ significantly. Arrow (  
) indicates the division between pre and post-remediation. 



 

 57 

LITERATURE CITED 

 

Adams, S.M., Ryon, M.G., and Smith, J.G. 2005. Recovery in diversity of fish and  

invertebrate communities following remediation of a polluted stream: 

investigating causal relationships. In: Developments in Hydrobiology, Aquatic 

Biodiversity II (Segers, H., and Martens, K., editors). Springer Netherlands 180: 

77-93.  

 

Allan, D.J. and Flecker, A.S. 1993. Biodiversity and conservation in running waters. 

BioScience 43: 32-43.  

 

American Public Health Association (APHA). 1998. Standard Methods for the  

Examination of Water and Wastewater, 20th edition. APHA, Washington, DC. 

1325 p.  

 

Anderson, M.J. 2001. A new method for non-parametric multivariate analysis of  

variance. Austral Ecology 26: 32-46.  

 

Battelle Memorial Institute. 2009. Task 2 Draft Final Summary Report for Monitoring to  

Assess the Effectiveness of Activities Performed under the Great Lakes Legacy 

Act, Ruddiman Pond and Main Branch Sampling, Submitted to Great Lakes 

National Program Office and U.S. Environmental Protection Agency. Battelle 

http://www.springerlink.com/content/k56691/
http://www.springerlink.com/content/978-1-4020-4111-2/
http://www.springerlink.com/content/978-1-4020-4111-2/
http://www.springerlink.com/content/978-1-4020-4111-2/


 

 58 

Memorial Institute, Columbus, Ohio. 20 p. Contract No. EP-W-04-021, Work 

Assignment 4-15.  

 

Beltman, D.J., Clements, W.H., Lipton, J., and Cacela, D. 1999. Benthic invertebrate  

metals exposure, accumulation, and community-level effects downstream from a 

hard-rock mine. Environmental Toxicology and Chemistry 18(2): 299-307.  

 

Bode, R.W. 1988. Quality Assurance Work Plan for Biological Stream Monitoring in  

New York State. Stream Biomonitoring Unit, Bureau of Monitoring and 

Assessment, Division of Water, New York State Department of Environmental 

Conservation, Albany, New York. 78 p.  

 

Bode, R. W., Novak, M.A., Abele, L.E., Heitzman, D.L., and Smith, A.J. 2002. Quality 

Assurance Work Plan for Biological Stream Monitoring in New York State. 

Stream Biomonitoring Unit, Bureau of Water Assessment and Management, 

Division of Water, New York State Department of Environmental Conservation, 

Albany, New York. 122 p.  

 

Bonada, N., Prat, N., Resh, V.H., and Statzner, B. 2006. Developments in aquatic insect  

biomonitoring: a comparative analysis of recent approaches. Annual Review of 

Entomology 51: 495-523.  

 



 

 59 

Bonvincini, A.M., Cognetti Varriale, A.M., Crema, R., Curini Galetti, M., and Vandini  

Zunarelli, R. 1985. Environmental impact of extensive dredging in a coastal 

marina. Marine Pollution Bulletin 16: 483-488.  

 

 

Broekhuizen, N., Parkyn, S., and Miller, D. 2001. Fine sediment effects on feeding and  

growth in the invertebrate grazers Potamopyrgus antipodarum (Gastropoda, 

Hydrobiidae) and Deleatidium sp. (Ephemeroptera, Leptophlebiidae). 

Hydrobiologia 457: 125-132.   

 

Brookes, A. 1986. Response of aquatic vegetation to sedimentation downstream from  

river channelisation works in England and Wales. Biological Conservation 38: 

352-367.  

 

Brown, L.R., Burton, C.A., and Belitz, K. 2005. Aquatic assemblages of the highly  

urbanized Santa Ana River basin, California. In: Symposium on Effects of 

Urbanization on Aquatic Ecosystems ( Brown, L. R., Gray, R. H., Hughes, R. M., 

and Meador, M. R., editors). American Fisheries Society Symposium, Bethesda, 

Maryland. Volume 47, p. 263-287.    

 

Burton, T.M., Uzarski, D.G., Gathman, J.P., Gene, J.A., Keas, B.E., and Stricker, C.A.  

http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/search/submit/author.url?author=Burton%2c+T.M.&authorId=7102460588&origin=resultslist&src=s
http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/search/submit/author.url?author=Uzarski%2c+D.G.&authorId=6603807472&origin=resultslist&src=s
http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/search/submit/author.url?author=Gathman%2c+J.P.&authorId=7801475467&origin=resultslist&src=s
http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/search/submit/author.url?author=Gene%2c+J.A.&authorId=7006527917&origin=resultslist&src=s
http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/search/submit/author.url?author=Keas%2c+B.E.&authorId=6505935709&origin=resultslist&src=s
http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/search/submit/author.url?author=Stricker%2c+C.A.&authorId=7006925585&origin=resultslist&src=s


 

 60 

1999. Development of a preliminary invertebrate index of biotic integrity for Lake 

Huron coastal wetlands. Wetlands 19(4): 869-882.  

 

Cain, D.J. and Luoma, S.N. 1998. Metal exposures to native populations of the caddissfly  

Hydropsyche (Trichoptera: Hydropsychidae) determined from cytosolic and 

whole body metal concentrations. Hydrobiologia 386: 103-117.  

 

Carew, M.E., Pettigrove, V., Cox, R.L., and Hoffmann, A.A. 2007. The response of  

Chironomidae to sediment pollution and other environmental characteristics in 

urban wetlands.  Freshwater Biology 52: 2444-2462.  

 

Carpenter, S.R., Caraco, N.F., Correll, D.L. Howarth, R.W., Sharpley, A.N., and Smith,  

V.H. 1998. Nonpoint pollution of surface waters with phosphorus and nitrogen. 

Ecological Applications 8(3): 559-568.  

 

Carter, J.L. and Resh, V.H. 2001. After site selection and before data analysis: sampling,  

sorting, and laboratory procedures used in stream benthic macroinvertebrate 

monitoring programs by USA state agencies. Journal of the North American 

Benthological Society 20(4): 658-682.  

 

Chadwick, J.W., Canton, S.P., and Dent, R.L 1986. Recovery of benthic invertebrate  



 

 61 

communities in Silver Bow Creek, Montana, following improved metal mine 

wastewater treatment. Water, Air, and Soil Pollution 28:427-438.  

 

Chu, H.F. and Cutkomp, L.K. (editors) 1992.  How to Know the Immature Insects,  

Second Edition. WCB/McGraw-Hill, Boston, Illinois. 346 p. 

 

Clarke, K. R. 1993. Non-parametric multivariate analysis of changes in community  

structure. Australian Journal of Ecology 18:117-143.  

 

Clements, W.H.  1994. Benthic invertebrate community responses to heavy metals in the 

Upper Arkansas River Basin, Colorado. Journal of the North American 

Benthological Society 13(1): 30-44.  

 

Clements, W.H., Carlisle, D.M., Lazorchak, J.M., and Johnson, P.C. 2000. Heavy metals  

structure benthic communities in Colorado mountain streams. Ecological 

Applications 2000. 10(2): 626-638.  

 

Cooper, M.J. Rediske, R.R., Uzarski, D.G., and Burton, T.M. 2009. Sediment  

contamination and faunal communities in two subwatersheds of Mona Lake, 

Michigan. Journal of Environmental Quality 38: 1255-1265.  

 

Correll, D.L. 1998. The role of phosphorus in the eutrophication of receiving waters: a  

http://www.amazon.com/exec/obidos/search-handle-url/ref=ntt_athr_dp_sr_2?%5Fencoding=UTF8&search-type=ss&index=books&field-author=Laurence%20K%20Cutkomp


 

 62 

review. Journal of Environmental Quality 27: 261-266.  

 

Davis, N.M., Weaver, V., Parks, K., and Lydy, M.J. 2003. An assessment of water  

quality, physical habitat, and biological integrity of an urban stream in Wichita, 

Kansas, prior to restoration improvements (phase I). Archives of Environmental 

Contamination and Toxicology 44(3):  351-359.  

 

Davis, S.N., Golladay, S.W., Vellidis, G., and Pringle, C.M. 1999. Assessing biological  

effects of animal production on intermittent coastal plain streams. In: Proceedings 

of the 1999 Georgia Water Resources Conference, held March 30-31, 1999, at the 

University of Georgia (Kathryn J. Hatcher, editor). Institute of Ecology, The 

University of Georgia, Athens, Georgia.  

 

Doi, H. 2007. Stream macroinvertebrate community affected by point-source metal  

pollution. International Review of Hydrobiology 92: 258-266.  

 

Earth Tech, Inc. 2002. Draft Remedial Investigation of Ruddiman Creek 

Muskegon, Michigan (Volume I), Prepared for Surface Water Quality Division, 

Michigan Department of Environmental Quality. Earth Tech, Inc., Grand Rapids, 

Michigan. 30 p. Earth Tech Project No. 43671.01.  

 

Edwards, D. 1969. Some effects of siltation upon aquatic macrophyte vegetation in  



 

 63 

rivers. Hydrobiologia 34(1): 29-38.  

 

Feminella, J.W. and Resh, V.H. 1990. Hydrologic influences, disturbance, and  

intraspecific competition in a stream caddisfly population. Ecological Society of 

America 71(6): 2083-2094.  

 

Fitzpatrick, F.A., Harris, M.A., Arnold, T.L., and Richards, K.D. 2004. Urbanization 

influences on aquatic communities in northeastern Illinois streams. Journal of the 

American Water Resources Association 40(2): 461-475.  

 

Gilkinson, K.D., Gordon Jr., D.C., MacIsaac, K.G., McKeown, D.L., Kenchington, 

E.L.R., Bourbonnais, C., and Vass, W.P. 2005. Immediate impacts and recovery 

trajectories of macrofaunal communities following hydraulic clam dredging on 

Banquereau, eastern Canada. ICES Journal of Marine Science 62(5): 925-947.  

 

Gjerløv, C., Hildrew, A.G., and Jones, J.I. 2003. Mobility of stream invertebrates in  

relation to disturbance and refugia: a test of habitat templet theory. Journal of the 

North American Benthological Society 22(2): 207-223.   

 

Gray, L. 2004. Changes in water quality and macroinvertebrate communities resulting 

from urban stormflows in the Provo River, Utah, U.S.A. Hydrobiologia 518: 33–

46.  

http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/search/submit/author.url?author=Gjerl%c3%b8v%2c+C.&authorId=6506572417&origin=recordpage
http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/search/submit/author.url?author=Hildrew%2c+A.G.&authorId=7003604146&origin=recordpage
http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/search/submit/author.url?author=Jones%2c+J.I.&authorId=7406476903&origin=recordpage
http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/source/sourceInfo.url?sourceId=12904
http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/source/sourceInfo.url?sourceId=12904
http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/source/sourceInfo.url?sourceId=12904


 

 64 

 

Gurtz, M.E., Marzolf, G.R., Killingbeck, K.T., Smit, D.L., and McArthur, J.V. 1988.  

Hydrologic and riparian influences on the import and storage of coarse particulate 

organic matter in a prairie stream. Canadian Journal of Fisheries and Aquatic 

Sciences 45: 655-665. 

 

Harvey, B.C. 1986. Effects of suction gold dredging on fish and invertebrates in two  

California streams. North American Journal of Fisheries Management 6(3): 401-

409.  

 

Hauer, F.R. and Lamberti, G.A (editors). 2006. Methods in Stream Ecology, Second  

Edition. Academic Press, San Diego, California. 896 p.   

 

Heitz, L.F., Khosrowpanah, S., and Nelson. J. 2000. Sizing of surface water runoff  

detention ponds for water quality improvement. Journal of the American Water 

Resources Association 36(3): 541-548.  

 

Hilgeman,T.R. 2005. Environmental Protection Plan, Remediation of Ruddiman Creek  

Main Branch and Pond, Muskegon, Michigan, Prepared for The U.S. 

Environmental Protection Agency, Great Lakes National Program Office and The 

Michigan Department of Environmental Quality. Environmental Quality 

Management, Inc., Cincinnati, Ohio. Contract No. 68-S5-03-06.   



 

 65 

 

Hilsenhoff, W.L. 1987. An improved biotic index of organic stream pollution.  The Great  

Lakes  Entomologist 20(1): 31-39.  

 

Hilsenhoff, W.L. 1988. Rapid field assessment of organic pollution with a family-level  

biotic  index. Journal of the North American Benthological Society 7(1): 65-68.  

 

Hoiland, W.K., Rabe, R.W., and Biggam, R.C. 1994. Recovery of macroinvertebrate  

communities from metal pollution in the South Fork and mainstem of the Coeur 

d’Alene River, Idaho. Water Environment Research 66(1): 84-88.  

 

Janesak, J. 2006. Construction Summary Report, Remediation of Ruddiman Creek Main  

Branch and Pond, Muskegon, Michigan, Prepared by Earth Tech, Inc, Prepared 

for Michigan Department of Environmental Quality – Water Quality Division. 

Earth Tech, Inc., Grand Rapids, Michigan. Earth Tech Project No. 43671.01.  

 

Johnson, L.B., Richards, C., Host, G.E., and Arthur, J.W. 1997. Landscape influences on  

water chemistry in Midwestern stream ecosystems. Freshwater Biology 37: 193-

208.  

 

Jones, J.A., Swanson, F.J., Wemple, B.C., and Snyder, K.U. 2000. Effects of roads on  



 

 66 

hydrology, geomorphology, and disturbance patches in stream networks. 

Conservation Biology 14(1): 76-85.  

 

Jones, R.C. and Clark, C.C. 1987. Impact of watershed urbanization on stream insect  

communities. Journal of the American Water Resources Association 23(6): 1047-

1055.  

 

Kaller, M.D. and Hartman, K.J. 2004. Evidence of a threshold level of fine sediment  

accumulation for altering benthic macroinvertebrate communities. Hydrobiologia. 

518: 95-104.  

 

Kelaher, B.P., Levinton, J.S., Oomen, J., Allen, B.J., and Wong, W.H. 2003. Changes in  

benthos following the clean-up of a severely metal-polluted cove in the Hudson 

River Estuary: Environmental restoration or ecological disturbance? Estuaries 

26(6): 1505-1516.  

 

Konrad, C.P. and Booth, D.B. 2005. Hydrologic changes in urban streams and their 

ecological significance. In: American Fisheries Society Symposium (Brown, L. 

R., Gray, R. H., Hughes, R. M.; and Meador, M. R., editors)  Symposium on 

Effects of Urbanization on Aquatic Ecosystems.  American Fisheries Society 

Symposium, Bethesda, Maryland. Volume 47, p. 157-177.  

 



 

 67 

Lenat, D.R. and Crawford, J.K. 1994. Effects of land use on water quality and aquatic  

biota of  three North Carolina Piedmont streams. Hydrobiologia 294: 185-199.  

 

Linke, S., Bailey, R.C., and Schwindt, J. 1999. Temporal variability of stream  

bioassessments using benthic macroinvertebrates. Freshwater Biology 42(3): 575-

584.    

 

Mackey, R.L. and Currie, D.J. 2001. The diversity-disturbance relationship: is it  

generally strong and peaked? Ecology 82(12): 3479-3492.  

 

Magurran, A.E. 1988. Ecological Diversity and its Measurement. Princeton University  

Press, Princeton, New Jersey. 179 p.  

 

Maret, T.R., Cain, D.J., MacCoy, D.E., and Short, T.M. 2003. Response of benthic  

invertebrate assemblages to metal exposure and bioaccumulation associated with 

hard-rock mining in northwestern streams, USA. Journal of the North American 

Benthnological Society 22(4): 598-620.  

 

Mattingly, R.L., Cummins, K.W., and King, B.H. 1981. The influence of substrate  

organic content on the growth of a stream chironomid. Hydrobiologia 77: 161-

165. Linke 

 

http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/search/submit/author.url?author=Linke%2c+S.&authorId=7003505511&origin=recordpage
http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/search/submit/author.url?author=Bailey%2c+R.C.&authorId=7402651381&origin=recordpage
http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/search/submit/author.url?author=Schwindt%2c+J.&authorId=6506148098&origin=recordpage
http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/source/sourceInfo.url?sourceId=15112


 

 68 

Mattsson, B.J. and Cooper, R.J. 2006. Louisiana waterthrushes (Seiurus motacilla) and  

habitat assessments as cost-effective indicators of instream biotic integrity. 

Freshwater Biology 51(10): 1941-1958.   

 

McArdle, B.H. and Anderson, M.J. 2001. Fitting multivariate models to community data:  

a comment on distance based redundancy analysis. Ecology 82: 290-297.  

 

McCafferty, W.P. 1998. Aquatic Entomology, The Fisherman's and Ecologists' Illustrated  

Guide to Insects and their Relatives. Jones and Bartlett Publishers, Inc., Boston, 

Massachusetts. 448 p.  

 

McCune, B. and Mefford, M.J. 2006. PC-ORD. Multivariate Analysis of Ecological  

Data. Version  5. MjM Software, Glenden Beach, Oregon.  

 

McElravy, E.P., Lamberti, G.A., and Resh, V.H. 1989. Year-to-year variation in the  

aquatic macroinvertebrate fauna of a northern California stream. Journal of the 

North American Benthological Society 8: 51-63. Mattsson 

 

Meador, J.P., Casillas, E., Sloan, C.A., and Varanasi, U. 1995. Comparative  

bioaccumulation of polycyclic aromatic hydrocarbons from sediment by two 

infaunal invertebrates. Marine Ecology Progress Series 123: 107-124.  

 

http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/search/submit/author.url?author=Cooper%2c+R.J.&authorId=8086906000&origin=recordpage
http://www.scopus.com.ezproxy.gvsu.edu:2048/scopus/source/sourceInfo.url?sourceId=15112
http://www.amazon.ca/exec/obidos/search-handle-url/175-5638654-6553231?%5Fencoding=UTF8&search-type=ss&index=books-ca&field-author=W.%20Patrick%20McCafferty


 

 69 

Merritt, R. W. Cummins, K. W. (editors) 1996. An Introduction to the Aquatic Insects of  

North America. Kendall/Hunt Publishing Company, Dubuque, Iowa. 862 p.  

 

Meyer, J.L., Paul, M.J., and Taulbee, W.K. 2005. Stream ecosystem function in  

urbanizing landscapes. Journal of the North American Benthological Society 

24(3): 602-612.  

 

Michigan State University Center for Remote Sensing and Geographic Information  

Science Research and Outreach Services (MSU RSGIS). 1998. Land Use/Land 

Cover for Muskegon County. Building a Sustainable Future for the Muskegon 

River Watershed: A Decentralized Approach - A Project of: The Muskegon River 

Watershed Partnership, 2002. Michigan State University, Lansing, MI.  

 

Mitsch W.J. 1989. Wetlands of Ohio’s Coastal Lake Erie: A Hierarchy of Systems. Ohio  

Sea Grant College Program, Ohio State University, Columbus, Ohio, 186 p.   

 

Mulvey, M. and Diamond, S.A. 1991. Genetic factors and tolerance acquisition in  

populations exposed to metals and metalloids. In: Ecotoxicology of Metals: 

Concepts and Applications (M.C. Newman and A.W. McIntosh, editors). Lewis 

Publishers, Inc., Chelsea, Michigan. p. 301-321.  

 

Muotka, T., Paavola, R., Haapala, A., Novikmec, M., and Laasonen, P. 2002. Long-term  



 

 70 

recovery of stream habitat structure and benthic invertebrate communities from 

in-stream restoration. Biological Conservation 105: 243-253.  

 

Nederveld, L.B. 2005. Muskegon Lake Watershed Management Plan, prepared for the  

Muskegon Area Storm Water Committee. Fishbeck, Thompson, Carr & Huber, 

Inc., Grand Rapids, Michigan. 72 p. Project No. G01513WM.  

 

Nelson, S.M. and Roline, R.A. 1996. Recovery of a stream macroinvertebrate community  

from mine drainage disturbance. Hydrobiologia 339: 73-84.  

 

Niemi, G.J., Devore, P. Detenback, N., Taylor, D., Lima, A., and Pastor, J., Yount, J.D.,  

and Naiman, R.J. 1990. Overview of case studies on recovery of aquatic systems 

from disturbance. Environmental Management 14(5): 571-587.  

 

Olsen, A. R. and Peck, D.V. 2008. Survey design and extent estimates for the Wadeable  

Stream Assessment. Journal of the North American Benthological Society 27(4): 

822-836.  

 

Olsgard, F., Somerfield, P.J., and Carr, M.R. 1998. Relationships between taxonomic  

resolution, macroinvertebrate community patterns and disturbance. Marine 

Ecology Progress Series 172: 25-36.  

 



 

 71 

Paul, M.J. and Meyer, J.L. 2001. Streams in urban landscapes. Annual Review of  

Ecology and Systematics 32:333-365.  

 

Peeters, E. T. H. M., Dewitte, A., Koelmans, A. A., van der Velden, J., and den Besten,  

P. J. 2001. Evaluation of bioassays versus contaminant concentrations in 

explaining the macroinvertebrate community structure in the Rhine-Meuse Delta. 

The Netherlands. Environmental Toxicology and Chemistry 20(12): 2883-2891.  

 

Pielou, E.C. 1975. Ecologcial Diversity. John Wiley & Sons, New York, New York. 165  

p.   

 

Poff, N.L., Allan, J.D., Bain, M.B., Karr, J.R., Prestegaard, K.L., Richter, B.D., Sparks,  

R.E., Stromberg, J.C. 1997. The natural flow regime. BioScience 47(11): 769-

784.  

 

Poff, N.L. and Ward, J.V. 1991. Drift responses of benthic invertebrates to experimental  

streamflow variation in a hydrologically stable stream. Canadian Journal of 

Fisheries and Aquatic Science 48: 1926-1936.  

 

Pratt, J. M., Coler, R.A., and Godfrey, P.J. 1981. Ecological effects of urban stormwater  

runoff on benthic macroinvertebrates inhabiting the Green River, Massachusetts. 

Hydrobiologia 83: 29–42.  



 

 72 

 

Pollard, A.I. and Yuan, L.L. 2006. Community response patterns: evaluating benthic  

invertebrate composition in metal-polluted streams. Ecological Applications 16: 

645–655.  

 

Quigley, M.P. and Hall, J.A. 1999. Recovery of macrobenthic communities after  

maintenance dredging in the Blyth estuary, north-east England. Aquatic 

Conservation: Marine and Freshwater Ecosystems 9(1): 63-73.  

 

Rabeni, C.F., Doisy, K.E., and Zweig, L.D. 2005. Stream invertebrate community  

functional responses to deposited sediment. Aquatic Sciences 67: 395-402.  

 

Rediske, R.R. 2002. Preliminary Investigation of the Extent of Sediment Contamination  

in Muskegon Lake. Annis Water Resources Institute, Grand Valley State 

University, Muskegon, Michigan. 103 p. MR-2002-02  

 

Rediske, R.R. 2004. Ruddiman Creek - Muskegon, MI, Technical Summary of  

Environmental Data and Issues. Annis Water Resources Institute, Grand Valley 

State University, Muskegon, Michigan. 40 p.  MR-2004-04  

 

Resh, V.H. and Unzicker, J.D. 1975. Water quality monitoring and aquatic organisms:  



 

 73 

The importance of species identification. Journal of the Water Pollution Control 

Federation 47: 9-19.  

 

Richards, R.P. 1990. Measures of flow variability and a new flow-based classification of  

Great Lakes tributaries. Journal of Great Lakes Research 16(1): 53-70.  

 

Roesner, L.A., Urbonas, B., and Sonnen, M.A. 1989. Design of Urban Runoff Quality  

Controls. Proceedings of an Engineering Foundation Conference on Current 

Practice and Design Criteria for Urban Quality Control, Trout Lodge, Potosi, 

Missouri, July 10-15, 1988.  ASCE, New York, New York. 502 pp.  

 

Roy, A.H., Rosemond, A.D., Paul, M.J., Leigh, D.S., and Wallace, J.B. 2003. Stream  

macroinvertebrate response to catchment urbanization (Georgia, USA). 

Freshwater Biology 48(2): 329-346.  

 

Sagar, P.M. 1983. Invertebrate recolonisation of previously dry channels in the Rakaia  

River. New Zealand Journal of Marine and Freshwater Research 20: 37-46. 

 

Schmidt, T.S., Soucek, D.J., and Cherry, D.S. 2002. Integrative assessment of benthic 

macroinvertebrate community impairment from metal-contaminated waters in 

tributaries of the upper Powell River, Virginia, USA. Environmental Toxicology 

and Chemistry 21(10): 2233-2241.  



 

 74 

 

Scrimgeour, G.J. and Winterbourn, M.J. 1989. Effects of floods on epilithon and benthic  

macroinvertebrate populations in an unstable New Zealand river. Hydrobiologia 

171: 33-44.  

 

Scullion, J. and Stinton, A. 1983. Effects of artificial freshets on substratum composition,  

benthic invertebrate fauna and invertebrate drift in two impounded rivers in mid-

Wales. Hydrobiologia 107: 261-269. 

 

Shapiro, M.H., Holdsworth, S.M., and Paulsen, S.G. 2008. The need to assess the  

condition of aquatic resources in the US. Journal of the North American 

Benthological Society 27(4): 808-811.  

 

Shaw, A.E. and Richardson, J.S. 2001. Direct and indirect effects of sediment pulse  

duration on stream invertebrate assemblages and rainbow trout (Oncorhynchus 

mykiss) growth and survival. Canadian Journal of Fisheries and Aquatic Sciences 

58: 2213-2221.  

 

Smith, E.P. 2002. BACI design. In: Encyclopedia of Environmetrics (A.H. El-Shaarawi 

and W.W. Piegorsch, editors). John Wiley and Sons, Ltd, Chichester. Volume 1, 

p. 141-148.  

 



 

 75 

Snell Environmental Group, Inc. 2000. Phase II File Review Report, Ruddiman Creek,  

Muskegon, Michigan, Prepared for United States Army Corp of Engineers, 

Detroit District. Snell Environmental Group, Inc., Lansing, Michigan. 9 p. SEG 

Project #9941-5494-29.  

 

Somerfield, P.J. and Clarke, K.R. 1995. Taxonomic levels, in marine community studies,  

 revisited. Marine Ecology Progress Series 127: 113-119.  

 

Stepenuck, K.F., Crunkilton, R.L., and Wang, L. 2002. Impacts of urban landuse on  

macroinvertebrate communities in southeastern Wisconsin streams. Journal of the 

North American Water Resources Association 38(4): 1041-1051.  

 

Stewart-Oaten, A., Murdoch, W.W., and Parker, K.R. 1986. Environmental impact  

assessment: pseudo-replication in time? Ecology 67: 929-940.  

 

Tang, Z. Engel, B.A., Pijanowski, B.C. and Lim. K.J. 2005. Forecasting land use change  

and its environmental impact at a watershed scale. Journal of Environmental 

Management 76(1): 35-45.  

 

Thorp, J.H. and Covich, A. P. (editors) 2001. Ecology and Classification of North  

American Freshwater Invertebrates, Second Edition. Academic Press, San Diego, 

California. 1038 p.  



 

 76 

 

Trimble, S.W. 1997. Contribution of stream channel erosion to sediment yield from an  

urbanizing watershed. Science 278(5342): 1442-1444.  

 

Trombulak, S.C. and Frissell, C.A. 2000. Review of ecological effects of roads on  

terrestrial and aquatic communities. Conservation Biology 14(1): 18-30.  

 

Uzarski, D.G., Burton, T.M., and Genet, J.A. 2004. Validation and performance of an  

invertebrate index of biotic integrity for Lakes Huron and Michigan fringing 

wetlands during a period of lake level decline. Aquatic Ecosystem Health & 

Management 7(2): 269-288.  

 

Vanderklift, M.A., Ward, T.J., and Jacoby, C.A. 1996. Effect of reducing taxonomic  

resolution on ordinations to detect pollution-induced gradients in macrobenthic 

infaunal assemblages. Marine Ecology Progress Series 136: 137-145.  

 

Vuori, K-M. 1994. Rapid behavioural and morphological responses of hydropysychid  

larvae (Trichoptera, Hydropsychidae) to sublethal cadmium exposure. 

Environmental Pollution 84: 291-299.   

 

Walsh, C.J., Roy, A.H., Feminella, J.W., Cottingham, P.D., Groffman, P.M., and  



 

 77 

Morgan, R.P. 2005. The urban stream syndrome: current knowledge and the 

search for a cure. Journal of the North American Benthological Society 24(3): 

706-723.  

 

White D.C. 1985. Lowland hardwood wetland invertebrate community and production in  

Missouri. Archive fϋr Hydrobiologie 103: 509–533.  

 

Winner, R.W., Boesel, M.W., and Farrell, M.P. 1980. Insect community structure as an  

index of heavy-metal pollution in lotic ecosystems. Canadian Journal of Fisheries 

and Aquatic Sciences 37(4): 647.  

 

Wood, P.J. and Armitage, P.D. 1997. Biological effects of fine sediment in the lotic  

environment.  Environmental Management 21(2): 203-217.  

 

Wuycheck, J. 1989. Biological and Sediment Contaminant Surveys of Ruddiman Creek  

and Unnamed Tributary, Muskegon County, Michigan. Surface Water Quality 

Division, Michigan Department of Natural Resources, Lansing, Michigan. 10 p. 

#MI/DNR/SWQ-90/101.     

 

Wuycheck, J. and Creal, W.  2002. Water Quality and Pollution Control in Michigan  

2002 Sections 303(d) and 305(b) Integrated Report. Michigan Department of 

Environmental Quality, Lansing, Michigan.  


	Sediment Remediation Impacts on Macroinvertebrate Community Structure: Assessing the Success of Urban Stream Restoration
	ScholarWorks Citation

	IMPACTS TO THE MACROINVERTEBRATE COMMUNITY STRUCTURE OF RUDDIMAN CREEK FOLLOWING SEDIMENT REMEDIATION

