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Abstract 

 

Urbanization causes stream degradation, and thus urban stream restoration plays an increasing 

role in environmental conservation. However, a lack of comprehensive and quantitative post-

project evaluation leads to failure to assess the achievement of restoration projects. The Nine 

Mile Run Restoration Project in Pittsburgh PA benefits from post-project monitoring; 

however, systematic analyses of the collected data, and an effective evaluation of the project, 

had not been performed. In this project, we evaluated the relative success of the Nine Mile 

Run Restoration Project from an ecological perspective, and we provided suggestions 

regarding additional data collection and interpretation.  

 

The project was conducted in three parts, taking place in parallel. First, a comprehensive 

understanding of the evaluation of urban stream restoration from theoretical insight through 

ecological integrity review was developed. Second, 17 case studies from all over the world 

were reviewed for comparison with Nine Mile Run (NMR). Third, data analysis of the 

existing data (both pre-restoration and post-restoration data) for NMR was performed. Data 

were organized, correlations among monitored indicators were investigated, and temporal and 

spatial trends of individual parameters were examined. Then, the outcomes of the three parts 

were combined to arrive at a comprehensive evaluation of the Nine Mile Run Restoration 

Project.  This report also provides suggestions to improve follow-up monitoring activities.  

 

Despite data limitations, there is sufficient evidence to suggest ecosystem improvement in 

NMR. However, compared with streams classified as “good”, NMR is still impaired, and 

continued long term monitoring is recommended. In the subsequent monitoring, NMRWA 

should: 1) collect and organize data in a more consistent way; 2) include all collected data in a 

database; 3) collect more complete fish and macroinvertebrate data (such as size and weight, 

tolerant or not, and native or not), flow and water quality data (such as dissolved oxygen, 

chlorophyll, flow, conductivity) as described in EPA assessment tools; 4) use standard 

sampling and analysis methods for E. coli; 5) use Index of Biological Integrity (IBI) and 

Indicators of Hydrologic Alteration (IHA) to interpret data for evaluation of the restoration 

project.   

 

The deliverables of this project are expected to improve the evaluation methods of the Nine 

Mile Run Restoration Project, and also make a contribution to standardizing evaluation of 

urban stream restoration. Furthermore, incorporating the results of the present work, 

subsequent urban stream restorations projects may be better informed regarding methods for 

post-project evaluation. 
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1. Introduction 
 

Nine Mile Run (NMR) is an urban stream that flows through the east end of Pittsburgh, serves 

as an important ecological element for the neighborhood. It was severely damaged and lost 

partial ecological function due to alterations made to its stream bed and upstream changes in 

its watershed associated with development.  Approximately 27% of the watershed is covered 

by impermeable surfaces, which means water cannot filter into the soil and consequently 

more runoff is transported into the stream. Discharges from the combined sewer system in the 

region further exacerbate the water quality in NMR. During storm events, sewer pipes in 

Wilkinsburg, Swissvale and Edgewood cannot hold the volume of storm water that is 

generated; therefore, sewage and stormwater discharge into NMR. 

According to the DEP 305b list, NMR was found to be impaired for non-priority organics, 

unionized ammonia and water/flow variability. The restoration was sponsored by the Army 

Corps of Engineers, and was completed in 2006. The NMR restoration included stream 

channel reconfiguration, creation of pool and riffle sequences, stream bank stabilization, 

wetland reconstruction, native wildlife habitat enhancement, and native vegetation plantings. 

The wetlands were intended to clean and slow the storm water. All other activities were 

designed to restore ecological diversity and function. However, it was never assessed for 

impairment delisting.  

The completion of construction is not the endpoint of restoration; monitoring and evaluation 

of the work are critical to evaluate the success of the project. Monitoring involves observing 

and checking the key parameters that determine stream health from the perspective of the 

restoration goal – in this case ecological improvements. Evaluation involves determining the 

value of the results of the monitoring to answer the target question.  

The post-restoration data that were available consisted of quarterly E. coli and fecal coliform 

measurements, annual macroinvertebrate and fish numbers and species, water quality 

concentrations of cations measured above the Ambient Water Quality Criteria (U.S. EPA, 

2006), and some anion (nitrate, fluoride, chloride) data.  

After reviewing the available data, the project was proposed to have three phases; case study 

review, ecological integrity review, and data analysis. The case study review covered the 

investigation of case studies from all over the world on urban stream restoration. The 

ecological integrity review was the investigation of how to evaluate the ecological integrity of 

the watershed and how to assess restoration successes. The data analysis considered the 

existing data from NMR (both pre-restoration and post-restoration), investigated temporal and 

spatial trends, and assessed the relationships among the parameters tested.  
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2. Phases 
 

2.1 Case Study Review 

The case study review was conducted to determine important parameters that should be 

measured in urban stream restoration projects. In this review, 17 streams from all over the 

world were selected. They were classified on the basis of following parameters: Hydrology, 

Channel physical form, Riparian zone, Water quality, Aquatic life, Chlorophyll collection, 

Macro-invertebrates, Pesticides, Reach of the stream, Number of sampling sites and the 

distance between the sites. Table 1 summarizes the findings in the case studies considered for 

evaluation. Eight Individual cases of relative importance are discussed in this section.  

 

First, the Baxter Creek restoration in Poinsett Park, CA was considered because it had exactly 

the same number of sampling sites as the Nine Mile Run and the parameters considered for 

evaluation of the state of the stream are also similar. The aim of this project was to restore the 

riparian zone of the stream. Replicated benthic macro invertebrate samples were taken from 

multiple sites, chiefly from a restored portion and an unrestored portion further upstream. 

(Purcell, Friedrich & Resh, 2002) Attitudes survey is one aspect that sets the evaluation of this 

stream apart as none of the other case studies under consideration have performed one. Social 

attitudes seem to provide a great perspective on how the citizens perceive a restoration project 

and the way in which it was completed.  

 

The objectives of the evaluation of Baxter creek included the following steps (Purcell, 

Friedrich & Resh, 2002): 

 A visual habitat appraisal.  

 Gauging the water quality. 

 Attitudes survey to get some perspective about the opinions of the residents on the 

restoration project. 

 

Ten parameters were used for habitat appraisal and were assigned a rating between 0 and 20. 

A score of zero indicated unsatisfactory or weak performance while 20 meant best 

performance. A total of the scores were obtained for evaluation of the individual sites. The 

non-restored portion of the creek obtained a score of 79 while the restored section scored 119. 

(Purcell, Friedrich & Resh, 2002) 

 

Biological evaluation was also done on the Baxter creek which chiefly consisted of gauging 

the state of the aquatic life (fish population and the diversity also taking into account their 

respective pollution tolerance) and the macroinvertebrates which help determine the water 

quality. Sampling locations were selected in shaded regions of the creek having intensified 

flow. The presence of riparian zones was also taken into account. Further, sampling sites were 

finalized by considering zones with substrates having comparable physical characteristics. 

(Purcell, Friedrich & Resh, 2002) 
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Table 1 Classification of case studies based on parameters measured 

  

 

 

 

 

 

 
Hydrology 

Channel 

Physical 

Form 

Riparian 

zone 

Water 

quality 

Aquatic 

life 

(Fish) 

Chlorophyll 

Collection 

Attitudes 

Survey 

Macro-

invertebrates 
Pesticides 

Reach 

Length/Area 

Sampling 

sites 

Distance 

between 

sites 

Baxter Creek, CA, USA ✔ ✔ ✔ ✔ ✖ ✖ ✔ ✔ ✖ 70 m 3 10 m 

Gypsum Creek, Kansas, USA ✔ ✔ ✔ ✔ ✔ ✔ ✖ ✔ ✔ 65.8 km2 3 3.2 km 

Suzhou Creek, Shanghai, China ✔ ✔ ✔ ✔ ✔ ✖ ✖ ✔ ✖ 125 km 34 NA 

Gemenc floodplain, Hungary ✔ ✔ ✔ ✔ ✔ ✖ ✖ ✔ ✔ 30 km NA NA 

Ayuquila Watershed, Mexico ✔ ✔ ✔ ✖ ✖ ✖ ✖ ✖ ✖ 150 km 36 NA 

Odense basin, Denmark ✔ ✔ ✔ ✔ ✔ ✖ ✖ ✔ ✖ NA NA NA 

Gudena basin, Denmark ✔ ✔ ✔ ✔ ✔ ✖ ✖ ✔ ✖ 32001 m NA NA 

Skjern basin, Denmark ✔ ✔ ✔ ✔ ✔ ✖ ✖ ✔ ✖ 260001m NA NA 

Gelsa basin, Denmark ✔ ✔ ✔ ✔ ✔ ✖ ✖ ✔ ✖ 18001 m NA NA 

Negro river, Spain ✔ ✖ ✖ ✔ ✔ ✖ ✖ ✔ ✖ 415.45km2 NA NA 

Aaiko Harria National park, Spain ✔ ✔ ✖ ✔ ✔ ✖ ✖ ✖ ✖ 100 m 4 NA 

Leskava Brook, Czech Republic ✔ ✔ ✔ ✔ ✔ ✔ ✖ ✔ ✖ 20.6km2 NA NA 

Troubsky Brook, Czech Republic ✔ ✔ ✔ ✔ ✔ ✔ ✖ ✔ ✖ 29.8km2 NA NA 

Aragon river, Spain ✔ ✔ ✔ ✔ ✔ ✖ ✖ ✔ ✖ 54km NA NA 

Third Fork Creek, NC, USA ✔ ✔ ✔ ✔ ✖ ✖ ✖ ✔ ✖ 80 m NA NA 

Walnut Creek Tributary, NC, USA ✔ ✔ ✔ ✔ ✖ ✖ ✖ ✔ ✖ 200 m  NA NA 

Rocky Branch, NC, USA ✔ ✔ ✔ ✔ ✖ ✖ ✖ ✔ ✖ 50 m NA NA 
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The survey of attitudes is the defining feature of this case study and should be given prime 

importance in all future stream restoration project evaluations. Houses within a certain radius 

of the stream should be given a survey to complete as this practice might give a very good 

perspective on the perception of the people living in the vicinity of the stream about the 

restoration effort.  

 

The second most important case study under consideration is from the Gypsum Creek in 

Kansas again owing to the similarity of the physical characteristics of the restoration site to 

the Nine Mile Run. The chief objective of this study was to gauge the past and present 

situation of the creek in an effort to determine the importance of restoration practices. This 

restoration study summarizes the importance of the data gathered prior to the restoration 

effort. Upon monitoring the water quality there was evidence of eutrophic conditions and a 

presence of pesticides. A three-step evaluation program was implemented which consisted of 

multi dimension parameter appraisal, devising a plan for implementing the restoration and a 

comprehensive post restoration-monitoring program.(Davis , Weaver, Parks & Lydy, 2003) 

 

Several physical, chemical and biological parameters were measured in the stream. The 

collection and analysis of Chlorophyll conducted in this post restoration evaluation was an 

exception amongst all the case studies under consideration. Basic water chemistry 

measurements were conducted twice a month. Twice a year, physical habitat appraisal was 

performed by conducting visual assessment of all the stream parameters. Also quarterly 

sampling of the fish and macroinvertebrates was done and the biotic integrity was 

determined.(Davis , Weaver, Parks & Lydy, 2003) The data in this study strongly point to the 

importance of the implementation of site-specific restoration measures. Also, the emphasis on 

the pre and post restoration practices makes this project vital to the Nine Mile Run restoration. 

 

The Suzhou creek restoration project should be considered while discussing urban stream 

restoration because it is the largest restoration project amongst the cases under consideration 

with 34 sampling sites and a length of about 125 km. The River Health Index (RHI) was 

constructed using 17 indicators in five categories to quantify the ecological health following 

the completion of the restoration project. Since this creek covers such a vast area, the RHI 

scores showed a lot of variation depending upon the sampling site. Notable parameters 

amongst the ones measured that contribute heavily to the RHI scores are the Channel flow, 

alteration and the sinuosity. The physical characteristics of the riparian zones also make a 

significant contribution to the scores.  (Che , Yang, Wu, Shang & Xiang, 2012) 

 

The river restoration project case study on the Danube in Germany was undertaken with the 

intent of learning the role of the shape of the river channel and also the physical 

characteristics owing to water flow in the catchment area. Fostering flood plain habitat and 

increasing the species richness was one of the chief aims as this area has almost 2100 hectares 

of riparian forests. The existing shape of the river channel and the physical features owing to 

the flow were measured in this project with the use of technologically advanced methods like 

terrestrial laser scanning which involves sweeping a laser beam over the physical features of 

the stream and recording several points. This allows the restoration site to be analyzed as a 3D 

model. Regular aerial survey was also conducted during and after the floods. (Stammel , 

Cyffka, Haas & Schwab , 2008) 

 

The restoration project consisted of three main actions (Stammel , Cyffka, Haas & Schwab , 

2008): 

 Maintenance of a permanent flow of water upstream of the hydropower station. 
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 Controlled flooding about two to three times a year during peak discharge. 

 Temporarily draining the floodplain during summer upon rise of the groundwater level 

owing to the dams. 

This project reinforces the importance of the time span of the project and the spatial 

dimensions from urban stream restoration perspective (Stammel , Cyffka, Haas & Schwab , 

2008) 

 

The importance of hydrological surveys is demonstrated by the study of the Gemenc 

floodplain of the Danube River in Hungary. The main arm and the longest side arm of the 

Gemenc floodplain were investigated. This study shows that the water level of the Danube 

had a significant contribution to the hydrological, biological and chemical relationships within 

the side arm of the Gemenc floodplain. Low water levels (170-210 cm) lead to sluggish flow 

in the side arm and retention time was long. These conditions are most favorable for 

eutrophication. Also, the amount of suspended matter increased over time. At mean water 

level (between 210 and 500 cm) retention time decreases and the flow in the side arm 

increases. High water levels (>500 cm) cause water inundation in the floodplain. But the flood 

in this case makes the chemical and biological composition of the main and the side arm quite 

uniform. (Schöl , Dinka, Kiss & Ágoston-Szabó, 2008) Hence the water level and the 

retention time are important factors in both pre and post restoration evaluation. 

 

The aim of the Ayuquila watershed study was to reinforce the importance of structural and 

social attributes of riparian vegetative zones. The agricultural floodplains of the Ayuquila 

watershed have undergone heavy degradation. For this project, samples were taken from 36 

riparian fragments along 90 km of the Ayuquila River. Important plant species were 

determined by considering farmer preferences as well as structural attributes. Some physical 

attributes of the riparian vegetation have a vital role in maintaining the normal functioning of 

ecosystems. River shading is one such important structural benefit of the riparian vegetation. 

Among other benefits of riparian zones is the creation of habitat for wildlife and the 

maintenance of variety in the landscape which also makes it a potential location for 

recreation. The physical characteristics of the riverbank and the agricultural practices in the 

region are the two main factors that impact the utility and the conditions of riparian 

vegetation. The results of the studies on the Ayuquila watershed suggest that ecological 

diversity should be given prime importance while initiating restoration strategies. (Ortiz-

Arron, C & Gerritsen, 2008) 

 

Achieving continuity, increased space and a significant increase in ecological quality for the 

maintenance of ecological processes were the main objectives for restoration in the Aragon 

River in Spain. Tributaries of the Aragon River and the surrounding forests were restored to 

ensure an improvement in flow dynamics. This study emphasizes the importance of 

maintaining biodiversity to restore the streams to their natural state. Also, human induced 

disruptions and flow regulations should be kept to a minimum to allow biodiversity 

conservation and consequently an effective restoration. (Elso, Urra, Mendoza & Moreno, 

2008) 

 

The projects undertaken for the re-meandering of the Rivers Gelsa, Gudena and Skjern in 

Denmark are some of the most intensively monitored projects in the world. Land use is 

dominated by agriculture in the Danish catchments. The classification of the streams was 

done on the basis of their size (stream order 1-12). The lessons learnt from the intensive 

monitoring practices in these projects are as follows (Kronvang, Thodsen, Kristensen, Skriver, 

Wiberg-Larsen, Baattrup-Pedersen, Pedersen & Friberg, 2008):  
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 Small sized streams (order 1-2) should not be monitored within three years of the 

restoration 

 Medium sized streams (order 3-4) may be monitored a year after restoration with 

acceptable accuracy 

 Large sized streams (order 5-6) may also be monitored with good results a year after 

restoration 

 

The case studies from around the world give valuable insight into different restoration 

practices and their relative success. Attitudes survey is one thing that can be learnt from the 

case study in Baxter Creek and can be implemented to gauge public perception regarding 

urban stream restorations. Aerial surveys and laser scanning can help us understand the 

changes in the physical features of the river channel owing to floods. The importance of the 

water level and the retention time is demonstrated by the case study on the Gemenc flood 

plain. Further, the importance of considering ecological diversity prior to the initiation of 

restoration strategies is shown by the Ayuquila watershed study. The intensive monitoring 

practices undertaken on the Danish rivers help us relate the size of the stream to the time 

frame of restoration monitoring practices. The inclusions of these practices will help us better 

understand the parameters involved in defining the success of a restoration project. 

 

2.2 Ecological Integrity Review 
 

According to US Army Corps of Engineers, in the case of NMR, “the goals of the restoration 

plan were to improve the health and quality of the ecosystem by expanding and developing 

wetlands, recovering the floodplain and creating a more natural stream morphology, providing 

water quality and stream flow control, addressing noxious invasive plant problems, and 

improving in-stream aquatic habitat.” (2000) To determine if the goals were met, appropriate 

ecological indicators must be used for evaluation. In the past monitoring, researchers of NMR 

collected data of several types, namely, fish, macroinvertebrate, water quality, bacteria, and 

vegetation. However, whether these data were adequate indicators of improved stream 

ecological integrity, or if other indicators were needed, was not known.  Further, if these are 

the correct indicators, it is not clear wither the methods used to collect and analyze data for 

these indicators are adequate.  Without knowledge of these questions, stream restoration 

success cannot be evaluated based on monitoring data effectively. Furthermore, missing data 

calls into question the conclusions from the monitoring study, and measuring irrelevant 

constituents leads to waste of time and money.  Thus, an ecological integrity review was 

conducted to provide a theoretical foundation to construct a comprehensive and scientific 

post-restoration monitoring plan for NMR.  

In the ecological integrity review, we investigated how stream restoration should be evaluated 

through indicators such as fish, macroinvertebrate, bacteria, vegetation, and water quality for 

ecological integrity. Unlike the review of the case studies, this part was conducted from a 

theoretical perspective. When reviewing studies from the perspective of ecologists, we first 

examined whether a specific variable should be an indicator of ecological integrity and 

whether it was necessary to measure a specific variable to evaluating restoration. Secondly, 

we investigated the kind of data that should be collected about this indicator. Then, we found 

widely acknowledged and used analysis methods to interpret collected data. At last, equipped 

with understanding from this literature review, we found the challenges related to monitoring 

these indicators and proposed our suggestions accordingly.  
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In this section, we discuss the results of ecological integrity review in four parts: fish and 

macroinvertebrate, bacteria, vegetation, and water quality. Results of this literature review 

were also applied in the data analysis.  

2.2.1 Fish and macroinvertebrates 

 

Fish and macroinvertebrates are critical variables as ecological indicators. It is showed that 

Index of biotic (biological) integrity (IBI) based on fish or macroinvertebrate is the most 

scientific and comprehensive biological method to evaluate the ecological integrity of an 

aquatic ecosystem. Karr (1991) first proposed fish-based IBI, and then Kerans and Karr 

(1994) developed IBI for macroinvertebrates. Since then, ecologists from all over the world 

applied it and adjusted to their analysis of specific cases. (Belpaire et al. 2000, Lunde et al. 

2000, Schiemer et al. 2000, Schmutz et al. 2000, Stranko et al. 2005, Lyons 2006, Freund et 

al. 2007, Varandas et al. 2010, Selego et al. 2012, Yun et al. 2012)  

To analyze ecological integrity in use of IBI, all data required in the IBI metrics should be 

collected or computed. However, the extreme complication of both fish-based IBI and 

macroinvertebrate-based IBI results in infeasibility of intact implementation of this method in 

evaluation. Several ecologists conducted a series of sensitivity analysis to keep only a few 

metrics of significance thereby simplifying IBI. (Varandas et al. 2010, Yun et al. 2012) So for 

NMR, a simplified IBI can be applied. US Army Corps of Engineers did this simplification 

when doing pre-restoration evaluation. Their methods are derived from the reports of Ohio 

Environmental Protection Agency on Biological Criteria for the Protection of Aquatic Life 

(1988). The two sets of simplified IBI metrics by Army Corps are described in detail in 

Appendix, Part II, Table A-I-1 and A-I-2. The application of IBI in this present work will be 

discussed in Phase 3, Data Analysis. 

To apply fish-based IBI, the data collection and analysis method of NMR need to be 

improved. First, in the case of NMR, we mainly measured numbers of individual species, 

while according to the results of, our investigation the population of a species should be 

characterized by density and biomass per river length or surface area. Second, even though in 

simplified IBI we applied, length and weight are not required, in the standard IBI metrics, 

they are necessary. Since we once measured length (which can indicate age structure) and 

weight (to calculate biomass) and they are also very measurable, we still recommend 

collecting data on this two variables in subsequent monitoring. At last, identification fish as 

native or non-native, omnivore, insectivore or carnivore, tolerant or intolerant is required in 

IBI interpretation. 

As for macroinvertebrate, NMR did a great job. However, we also need to identify individual 

species as tolerant or intolerant and rate them from 0 to 10, for the computation of Family 

Biotic Index (FBI), which is one metric in macroinvertebrate-based IBI, and this rating needs 

expertise in macroinvertebrate studies. Further illustration can be found in the explanation of 

Table A-I-2 in Appendix.  

 

2.2.2 Bacteria 

 

According to our literature review, bacteria level is not an ecological indicator. We didn’t find 

studies showing measurement of bacteria indicates ecological integrity. However, NMR is 
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seriously degraded by sewage. As has been discussed previously, because of its topographic 

characteristics, “the Nine Mile Run Valley serves as a corridor for sanitary and combined 

sewers from Edgewood, Pittsburgh, Swissvale, and Wilkinsburg.  These sewers all utilize the 

City of Pittsburgh’s combined sewer mainline, which runs adjacent to or beneath the 

daylighted reach of Nine Mile Run and then connects with ALCOSAN’s trunkline at the 

Monongahela River.” (US Army Corps of Engineers and City of Pittsburgh, 2000) 

Consequently, the sewage contributed high levels of fecal coliform to the stream, thus leading 

to health risk for human contact. For our goal of restoration, and also to meet social 

expectation for this water body in Frick Park, NMRWA aim to bring biological integrity back 

and achieve a recreational level, which refers to 126 CFU/100 ml (CFU=colony forming 

unit). From this point of view, measuring fecal coliform is definitely necessary in NMR 

monitoring. Hence, though it is not an ecological indicator, we still believe bacteria level is 

necessary in subsequent monitoring in NMR to indicate hygiene and safety for human 

contact.  

 “The most commonly tested fecal bacteria indicators are total coliforms, fecal coliforms, 

Escherichia coli (E. coli), fecal streptococci, and enterococci.” (EPA, 2012) E. coli is a single 

species in the fecal coliform group. Studies conducted by EPA to determine the correlation 

between different bacterial indicators suggest that the best indicators of health risk from 

recreational water contact in fresh water are E. coli and enterococci. And some researches 

also indicate the measurement of fecal coliform as a group is not necessary because E. coli is 

better to demonstrate the health risk from recreational water contact. (EPA, 2012) On the 

other hand, PADEP uses both fecal coliform and E. coli as indicators. So due to the twofold 

regulations, we need to measure both.   

In NMR, Fecal coliform and E. coli were both collected. However，huge errors between 

replicates exist and we recommended application of standardized sampling and analysis 

methods.  

 

2.2.3 Vegetation  

 

In our literature review, no significant evidence shows that vegetation should be an indicator 

of biological integrity. EPA doesn’t provide any documents or recommendations for 

vegetation evaluation for stream biological integrity and few researches haven’t been 

conducted in evaluating the aquatic ecological integrity based on riparian vegetation. 

However, According to the goal of Nine Mile Run Restoration Project, “to improve the health 

and quality of the ecosystem by expanding and developing wetlands”, the creation of a 

healthy and ecological wetland should be included in our post-restoration monitoring. US 

Army Corps of Engineers also pointed out in the pre-restoration report that “the structure of 

vegetation communities can be used to evaluate the biological condition of the stream, 

complimenting fish and macroinvertebrate bioassessments.” (2000) Meanwhile, several theses 

proved that vegetation can be significantly enhanced due to restoration of stream (Aguiar et 

al. 2005, Januschke et al. 2011). Some theorists proposed a couple of methods to evaluate 

ecological integrity of wetland based on vegetation (Taft et al. 1997, Lopez et al. 2002, 

Stapanian et al. 2013). Hence, we can conclude that we need to evaluate vegetation as an 

indicator of ecological integrity for the riparian wetland, thereby indicating the health of 

NMR stream.  
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Among those methods we investigated in the literature review, floristic quality assessment 

index (FQA) and vegetation index of biotic integrity (VIBI) are widely acknowledged and 

used to quantitatively evaluate ecological integrity of wetland. Lopez and his colleagues 

(2002) conducted evaluation of the representativeness of FQA for 20 cases of wetland 

restoration in Ohio, USA, which revealed that FQA could serve as useful indicators for the 

wetland post-restoration assessment and monitoring in a long-term time. And in Taft’s work, 

FQA method was introduced in great detail (1997).  VIBI was developed to evaluate 

ecological integrity more comprehensively, which includes FQA index as a metric. Similar as 

fish and macroinvertebrate-based IBI, there will be a set of metrics in VIBI method. One 

undisturbed site is necessary as reference to calculate the VIBI score. And this procedure 

introduces regional bias due to the selection of reference sites, which means the outcome of 

assessment can significantly vary if different reference rites are chosen. (Pickett et al. 1994, 

Morgan et al. 2002) More information can be found in Appendix, Part II. 

According to the methods we investigated and relevant data collection, we can determine that 

NMR is doing an excellent job in vegetation data collection. Only one thing could be 

mentioned is that height of trees are never mentioned in the papers we investigated, which 

infers that this type of data may be not necessary for bio-assessment for vegetation.  

However, when we are faced with these data, more detailed interpretation and assessment 

should be conducted to reveal the meaning of the data. Due to the regional variability of FQA 

and VIBI, prior to the implementation in NMR, we have to modify the methods. Namely, for 

FQA, we need to generate a sheet of coefficient of conservatism for individual species; for 

VIBI, a reference sites should be selected as unbiased as possible. On the other hand, to 

compare the post-restoration data with the pre-restoration data is also useful to show the 

progress we’ve achieved. US Army Corps of Engineers (2000) analyzed plants in great detail. 

They basically evaluated the extent of degradation of wetland based on native and nonnative 

occurrence. Nonnative species commonly represent degradation of ecosystem. 

 

2.2.4 Water quality 

 

In our investigation, we found no clue to corroborate that water quality measurement can 

indicate ecological integrity. Faulkner et al. (2000) and Baker et al. (2003) argued a 

discrepancy between chemical measures of water quality and ecological integrity. The 

evidence is that while chemical data classifies water quality as ‘good’, biological health is 

actually ‘poor’. Wenn (2008) attributed this discrepancy to the chemical sampling strategy 

used by regulatory authorities. She also pointed out ecological data can reveal the disturbance 

in aquatic system while chemical data recovers rapidly.  

However, water quality measurement can respond to abnormality in ecosystem rapidly and is 

easier to collect, so it can serve as complement to assessment the ecological integrity of 

aquatic system. Also, regulations more often focus on water quality measurements. In a word, 

collection data of water quality is necessary in NMR. EPA proposed a list of recommended 

water quality indicators for monitoring river and streams, which can be found in Appendix, 

Part III, Table A-III-1. We also referred to the pre-restoration data collection done by US 

Army Corps (2000). Details can be found in Appendix, Part III, Table A-III-2. 

In NMR, we collected plenty of data in water quality. Compared to EPA’s recommendation 

list, we are missing: Dissolved oxygen, Chlorophyll, Flow, Conductivity. And in the data 
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collection of US Army Corps, Dissolved oxygen, Conductivity, Alkalinity, Turbidity, BOD 

are all basically parameters for water quality assessment and NMR failed to include. In the 

subsequent monitoring, NMR may consider collect more data of these missing indicators. 

However, we believe NMR actually did collect parts of these data in the past, while lack of 

documentation leads to missing record of data. For instance, conductivity was reported to be 

measured in fish sampling, and Dissolved oxygen measured in macroinvertebrate sampling. 

 

2.3  Data Analysis  

Water quality parameters (bacteria, anions and cations), fish and macroinvertebrate data were 

investigated and analyzed. This section discusses the significant results and brief conclusions 

from each analysis.  

Sampling locations are significant for watershed evaluation.  Figure 1 shows the sampling 

locations used over the past decade for monitoring in Nine Mile Run Watershed. NM1 is 

where the stream gets out of the culvert, NM2 is very close to the commercial street, and 

NM3 is at Duck Hollow, where the stream falls into the Monongahela River. 

 

Figure 1  Map of the sampling locations, taken from a report by Marion Sikora, Emily Elliott and Dan Bain, University of 
Pittsburgh 

 

NM 3 

NM 1 NM 2 
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In addition to the watershed structure, weather plays a significant role in water movement and 

therefore water quality in urban systems. Figure 2 shows precipitation in the region for the 

time period of the post-restoration study. Data were taken from the rain gauge network 

developed by Three Rivers Wet Weather, Inc., and were divided into seasons based on 

average air temperature:  Summer (June, July, August), Fall (Sept, Oct, Nov), Winter (Dec, 

Jan, Feb) and Spring (March, April, May).  Total precipitation for each season is plotted in 

Figure 2.  The daily average data was summed up to get the total precipitation region got each 

year. The average total yearly precipitation is 38 inches. This value is consistent with the 

USGS average range of 35-40 inches. From figure 2, it is obvious that 2011 was an unusually 

wet year, whereas 2009 was unusually dry. Suspected effects of the precipitation and the 

seasonal trends are discussed in the water quality analysis section. 

   

 

Figure 2 Seasonal and yearly precipitation data from Three Rivers Wet Weather Inc. 

 

2.3.1 Water Quality Analysis and Trends 

 

Water quality parameters measured post-restoration are E. coli/Fecal Coliform, metals 

(cations), and anions. These parameters were compared to each other, with respect to time and 

by location to gather a reasonable set of results for the current state of the stream.  
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 E. coli/Fecal Coliform 

Extensive data was available for E. coli and fecal coliform. These parameters were measured 

quarterly every year at three locations NM1, NM2 and NM3, leading to a data set containing 

142 data points.  At each location, duplicate field samples were taken.  However, duplicates 

were not always consistent.  For example, in March 2008, field duplicates from NM1 were 

measured to be 4000 and 8600 cfu/100 ml. A more extreme case of different measurements 

from the same sample occurs in April 2009 from NM1, 9000 and 330000 cfu/100 ml. Prior to 

analysis, field duplicates that were more than 50% different were removed from the data set.  

There were 8 samples that did not meet the criteria for inclusion, reducing the overall data set 

to 122.  Figure 3 presents the arithmetic mean of the four seasonal samples (with duplicates) 

for each year at each of the three locations, provided at least 3 seasons showed adequate 

duplicate consistency.  The extent bars shown indicate one standard deviation from this mean.  

The overlap in the extents from 2007 to 2012 indicates no statistically significant change over 

this time period, despite the apparent decline in the mean of the annual data. Pre-restoration 

mean is taken from the Army Corps Restoration Report.  The fecal coliform data are 

consistent with the E. coli results. 

 

Figure 3  Arithmetic mean of E. coli samples from all locations and all seasons, bars represent one standard deviation 
from the arithmetic mean. 

Initial approach was taking the geometric mean of the samples, since the geometric means are 

more representative of the bacterial data. Also, EPA sets its criteria based on the geometric 

mean of the samples. However, the standard deviation of the data set, even without the noisy 

duplicate samples) was higher than the yearly geometric means. Figure 4 is the plot of the 

geometric means over the years. The decline over the years is more obvious as a trend, 

however we believe it is statically not very significant.  
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Figure 4 Geometric means of the E. coli counts at all seasons and all locations. Standard deviation bars are not plotted in 
this figure because even with one standard deviation, lower ranges reach negative, and negatives do not appear on log 

scale.  

While the E. coli and fecal coliform results have been quite high for many years, the 2012 

results are the lowest reported, despite high rainfall, which generally contributes to higher 

sewage loading (Figure 4).  2012 reaches all time low at all locations, even with one standard 

deviation.  

Spatial analysis confirms higher levels at NM1, where the sewage enters the stream. NM2 and 

NM3 are lower.  Figure 5 shows E. coli numbers for the recreational seasons 2008-2012 at 

NM2. For the analysis to be statistically meaningful, years were coupled to get a data set 

bigger than 2 samples. Generally, the geometric mean of the data is above the standard; 

however, the counts reported at 2012 are slightly below. While this may represent an 

improvement in water quality conditions in the stream, the incomplete sampling protocol 

(once a season rather than 5 samples in 30 days) precludes meaningful conclusions.  

 

Figure 5 E. coli data from NM2, Recreational seasons 
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 Cations and Anions 

Many cations in the federal ambient water quality criteria (AWQC) (U.S. EPA, 2006) were 

measured over the years and all locations. The only cations that were regularly over these 

limits were aluminum, iron and lead. Most problems occurred at NM1.  

When the available data were examined, it was concluded that the fluoride was from human 

sources only; fluoride is added to drinking water and thus can be a good tracer for wastewater 

inputs. To figure out if other parameters were also from the same source, nitrate, chloride, 

aluminum; iron and lead were plotted against fluoride at the location NM2 (certain data were 

only available at this location).  Observed correlation was always high (R
2
=0.78 for chloride 

vs fluoride, R
2
>0.90 for the rest) and positive, suggesting all the metals and anions were 

coming from a common source.  

Spatial analysis of nitrate, iron and aluminum (see Table 2) suggests that metals are retained 

in the system, while nitrate (which is soluble) passes through.  Data in Table 2 represent flow 

weighted average concentrations; anion and flow data were taken from the study of Marion 

Sikora, Emily Elliott and Dan Bain, University of Pittsburgh.  

Table 2 Flow weighed averages reported for certain cations and anions at locations 

Concentrations(mg/l)  NM1 NM2 NM3 

Nitrate  10 7.5 8 

Aluminum 5.39 1.72 1.16 

Lead 6.93 1.79 1.57 

 

Temporal fluctuations in metal and anion concentrations were observed; however, flow data 

were not available during the entire duration of the monitoring so these fluctuations cannot be 

interpreted. One of the figures from the study by Marion Sikora, Emily Elliott and Dan Bain, 

shows that nitrate flux varies significantly with the incoming discharge. The figure they 

submitted related to these findings is at the Appendix, Figure A-IV-1. 

For other anions, the only concentration that is routinely observed to be high is that of 

chloride. The highest chloride is reported at NM1, and the concentration at Fern Hollow 

(below 150mg/L) can be considered the background for this urban watershed.  The value at 

NM1 (exceeds the level expected to cause chronic toxicity to aquatic organisms. The EPA 

National Aquatic Life Criteria (US EPA, 1988) states that the chronic aquatic toxicity level is 

230 mg/L.  

2.3.2 Fish 

In general, fish diversity and biomass have increased since the restoration.  

Fish have been measured routinely in NMR at least once a year since the restoration.  Table 

A-IV-1 and Table A-IV-2 in Appendix, Part IV, provide species identification and number of 

individuals for Station 2 and Station 4 for each sampling date. The fish show marked 

improvement in diversity and total biomass post restoration. Compared to 2006, the total fish 

number at station 2 increased by 27 times in 2012. For station 4, the number increased by 291 

times from 2006 to 2012. However, in October 2012, the total fish number and species 

number at station 2 dropped dramatically compared to November 2011. Fish diversity 

numbers should be interpreted with caution as illegal stocking of non-native fish species is 

known to take place in the basin.  
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For both locations, the major components of the total population were always tolerant or 

intermediate tolerant species, suggesting continuing water quality challenges. For Station 2, 

the portion of tolerant or intermediate tolerant species was always above 97%. And for Station 

4, no intolerant species was ever collected.  

Spatially, the number of fish species at Station 2 always outnumbered those detected at 

Station 4, generally by a factor of 2 (Figure 6). The team believes it was probably the outfall 

at Station 4 that caused this difference. Combined sewage may contain toxic materials, but the 

most likely explanation is the organic matter in the sewage depresses the oxygen 

concentration downstream of the discharge.  Low dissolved oxygen (DO) generally limits fish 

population.  To test this hypothesis, water quality monitoring of dissolved oxygen would need 

to be included in routine monitoring.  

            

Figure 6 Comparison of fish species number between station 2 and station 4 

 

2.3.3 Macroinvertebrates 

 

Table A-IV-3 and Table A-IV-4 in Appendix, Part IV, are data for macroinvertebrates at 

Commercial Street (CS) and Duck Hollow (DH) respectively. While the total number of 

macroinvertebrates at these locations fluctuated over years, the major component of them was 

always Midge Chironomidae, which is a species that is very tolerant of poor water quality. 

Among all macroinvertebrates, the team selected sludge worm as an indicator for the 

improvement of NMR for two reasons. First, it is highly related with the presence of sewage 

discharges in a system. Second, even though fish might affect the number of sludge worms 

(through predation), the lower number of sludge worm could still indicate an improvement of 

water quality since more fish is also a positive indicator. Figure 7 shows the number of sludge 

worm at CS and DH. According to Figure 7, excluding 2011, sludge worm at two locations 

generally decreased after 2006, when the restoration was done. This indicates the restoration 

has led to a better water quality. The unusually high level of sludge worms in 2011 is likely 

due to a significant summer rain event close to the sampling time.  From the precipitation data 
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introduced, it is also known that 2011 was an unusually wet year.  Unexpectedly, DH exceeds 

CS for sludge worms in 2006-2008, despite the usually much cleaner water at DH and the 

outfall upstream of CS.  The reason for this difference is unknown. 

 

 

Figure 7 Sludge worm counts at CS and DH 

The total macroinvertebrates also show spatial differences, with CS always significantly 

higher than DH except for 2012 (see Figure 8).  This is unexpected as the water quality at CS 

is presumed to be worse due to the sewer outfall.  One possible explanation is that since DH is 

connected to the Monongahela River, the number of fish moving in or out could be quite large 

and these fish may be reducing the macroinvertebrate population through predation.   

 

 

Figure 8 Comparison of macroinvertebrates number between CS and DH 
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2.3.4 Data Interpretation 

IHA 

Existing flow data was not insufficient to achieve a significant result and interpretation from 

the IHA analyses. This conclusion by itself is an important indicator that insufficient flow 

data exist to evaluate the stream restoration. More detailed discussion of the flow and the 

suggested future IHA work is described in section 3.2. 

 

IBI 

To get a better understanding about the ecological status of NMR, Index of Biotic Integrity 

(IBI) is used. Metrics used can be found in Appendix, Part IV, Table A-IV-4 and scores were 

determined from criteria established by the Ohio Environmental Protection Agency (1988). 

Final scores were provided by Michael Koryak (2013) and are shown as Figure 9 and Figure 

10. Ratings for the score are documented in Appendix, Part IV, Table A-IV-6. According to 

the result, the ecological conditions at Station 2 and Station 4 are improving, indicating the 

restoration was successful.  However, the stations continue to change in IBI, suggesting NMR 

has not reached a steady state and is instead till in its recovery period.  Station 2 reached 

“Good” level twice; however, Station 4 has not yet reached this level.  

For macroinvertebrate-based IBI analysis, the team tried to apply the same metrics that US 

Army Corps of Engineers used for their evaluation in 1999. However, the sampling method 

for the reference site given in US Army Corps’ report was modified from Surber Sampler to 

Rapid Bioassessment, making direct data comparisons questionable. In NMR, Surber Sampler 

was always the method.  

    

Figure 9 IBI analysis for fish at Station 2 
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Figure 10 IBI analysis for fish at Station 4 

 

Prey and Predator 

As for the prey and predator analysis, the team only conducted one for CS since this is the 

only place that both fish and macroinvertebrates data were available. The result can be found 

in Appendix, Part IV, Figure A-IV-2. No correlation has been found, likely this is because the 
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3. Conclusions and Suggestions 

3.1  State of the restoration 

Despite data limitations, evidence suggests ecosystem improvement in NMR post restoration. 

IBI analysis for fish indicates that the ecological integrity of NMR has been improved. At 

Station 2, the ecological status has already achieved a “Good” level. Even though the 

ecological condition for Station 4 has not reached the same level, it has shown improvement.  

3.2  Suggestions 

3.2.1 Data Organization and Additional Data Collection 

 

One of the challenges for this project was the lack of consistency of the data with respect to 

space and time. To be able to compare the parameters to each other, sampling and data 

collection should be temporally and spatially corresponding. Sampling fish and 

macroinvertebrate at the same location, and the same time (or within a reasonably short 

period) would also make it possible to analyze additional ecological relationships (such as 

predator and prey). Checking other water quality parameters with the same consistency would 

also improve understanding of the relationships among these parameters and the sensitive fish 

and macroinvertebrate species.  

 

Not having all the data required to conduct certain analyses was also a challenge. For 

instance, length and weight are necessary in standard fish IBI metrics, but have only both 

been evaluated in NMR during one sampling period. We recommend collecting data on these 

two variables in subsequent monitoring of fish. Including information about intolerant or not, 

native or not, and trophic level in the inventory data will make it more convenient and 

efficient to evaluate fish or macroinvertebrate data. We recommend the use of EPT as an 

individual indicator.  EPT is the main parameter to indicate ecological integrity based on 

invertebrate. 

Some of the required data was once collected in the past.  However, lacking of documentation 

leads to missing record of data. For instance, conductivity was reported measured in fish 

sampling, and dissolved oxygen measured in macroinvertebrate sampling. We strongly 

recommend NMRWA record and archive all data collected by the sampling team. 

Another way to determine what data to collect is to consider the stream quality with respect to 

target regulations (e.g, the recreational water quality standard from EPA). EPA suggests 

measuring both enterococci and E. coli, where the data so far in NMR includes fecal coliform 

and E. coli. Some of the other parameters relating to other regulations are dissolved oxygen, 

chlorophyll, flow, and conductivity. These were never consistently measured and/or recorded 

throughout the restoration and post restoration of the NMR. We recommend NMRWA collect 

these data following EPA and PADEP recommended schedules. The detailed tables of 

parameters and related regulations are provided in the Appendix, Part III. 

Another consideration is to begin monitoring characteristics that are associated with the 

impairment classification of NMR.  NMR was listed as impaired for ammonia, non-priority 

organics and flow. Post-restoration, non-priority organics were not evaluated, and the only 

flow data available was from June 2006 to September 2009 from a USGS gauge that is no 

longer active in the watershed.  One objective for post restoration monitoring could be to 

evaluate if restoration altered the listing status of the stream. 
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Trend analyses on nutrients and flow showed a correlation between the two. Flow can be used 

to predict nutrient and contaminant loads at certain locations. These parameters affect the 

sensitive populations of fish and macroinvertebrates.  

The spatial trend analyses on anions and cations suggested that certain metal species were 

being retained in the system more than the soluble anion species. This might indicate that all 

the metal loads retained in the system might be in the sediments. Sediments were never 

examined post restoration. Appropriate nutrient retention analyses cannot be performed 

without location specific flow data. Thus, flow data is quite crucial for a more comprehensive 

data interpretation. 

3.2.2 Suggested Future Data Interpretation and Work 

Collecting the right data and organizing data in an appropriate way is a necessary 

precondition, but adequate data interpretation and evaluation is also required. Data 

interpretation is the core of post-restoration evaluation.  

For the future, it is recommended to evaluate the health of the ecosystem with IBI metrics 

based on fish, macroinvertebrate and vegetation. For vegetation, FQA method is also an 

option. All detailed descriptions of those methods can be found in ecological integrity review. 

We recommend NMR analyze flow data using the IHA model.  

In NMR, hygiene and safety of human contact with stream water is a critical concern. To 

guarantee no human health risk, NMR needs to meet EPA recreational standard on E. coli. 

We recommend NMR using standard sampling and analysis method to avoid unreasonable 

replicate errors. The results from the 2012 E. coli sampling suggest that locations NM2 and 

NM3 might be able to reach the recreational standards set by EPA. It is recommended to run 

analyses with their suggested method (sampling five times in a month during the recreational 

season). 

 

Table 3 is summary of the evaluation and our suggestions. 

 
Table 3 Summary of evaluation and suggestions 

Indicators  Evaluation Suggestions 

Fish + Measure individual weight and length 

Ensure consistency of the data with respect 

to space and time 

Macroinvertebrates + Ensure special and temporal consistency 

with fish data  

Use IBI to evaluate collected data 

Use EPT as an individual indicator 

E. coli + Use standard sampling and analysis method 

Water quality + Record and archive all data collected by the 

sampling team 

Collect additional data according to EPA 

recommended tools/Flow is essential. 

Vegetation NA Use FQA or VIBI to evaluate the health of 

wetland 

 
 Note: “+” refers that in terms of that specific indicator, the ecosystem of NMR is evaluated to be better. “NA” means we didn’t conduct 

evaluation based on that specific indicator. 
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From the case studies, it is recommended to conduct an attitudes survey of the people living in 

the vicinity of the restored portion of the stream. This might give a very good perspective on 

the perception of the people about the restoration effort. Though quite expensive, the NMR 

could conduct periodic aerial surveys and use terrestrial laser scanning to help them 

understand the changes in the physical features owing to the floods during the high 

precipitation days. Further, water retention times could be gauged and its effect on the 

chemical and biological components of the stream can be measured. More efforts could be 

directed towards maintenance of biodiversity in the region so as to return the stream to its 

natural state. 
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Appendix 
 

Part I. Simplified IBI metrics in US Army Corps of Engineers’ pre-restoration 

evaluation. 

Table A-I-1 Fish-based IBI metrics 

Metrics 

Total Number of Species Percent Insectivorous Species 

Number of Darter Species Percent Top Carnivores 

Number of Sunfish Species Number of Individuals/300m 

Number of Sucker Species Percent Hybrids 

Number of Intolerant Species Percent DEPT Anomalies 

Percent Tolerant Species Score
1
 

Percent Omnivores Rating
2
 

Note: 

1. For each item, give a score 1,3, or 5 according to OPEA report (1988) and finally sum them up. 

2. Ratings are as follows: >50 exceptional, 35-49 good, 25-34 fair, 15-24 poor, and <14 very poor. 

Table A-I-2 Maccroinvertebrate-based IBI metrics 

Raw data Metrics 

number of taxa Taxa Richness as % Reference Station 
4
 

number of individuals production as % Reference Station 

%EPT individuals 
1
 %EPT individuals 

%AC individuals 
2
 %AC individuals 

Family Biotic Index 
3
 FBI as % of Refer Station 

  Mean Cond Score  

 

 Note:  

1. EPT =Ephemeroptera, Plecoptera, and Trichoptera, or Mayflies, Stoneflies, and Caddisflies, which are 

generally intolerant of pollution and indicate good water quality. 

2. AC =Annelida and Chironomidae, mostly represented by sludge worms and bloodworms, which are tolerant 

of pollution and indices of degraded water.  

3. Family Biotic Index (FBI) = 
   

 
, where:   

xi = number of individuals within a taxon,   

ti = tolerance value of a taxon (0 to 10 with increasing tolerance),   

n = total number of organisms in the sample. 

 We also make a simplification: for intolerant species n=0, for tolerant species n=10, for others n=5 in our data 

interpretation. 

4. Holt Run @ mouth is chosen as reference site. 

 



26 
 

Part II. Methods evaluating ecological integrity of wetland based on vegetation. 

a. Floristic Quality Assessment (FQA) 

FQA method calculates a floristic quality index (FQI), the product of species-specific mean 

coefficient of conservatism (  ) and the square root of species richness.    is assigned by a 

panel of experts to each species according to both tolerance and fidelity. All other 

terminology and concepts are explained in greater detail in Taft’s work (1997). The 

calculation can be understood in the following website. 

http://www.mawwg.psu.edu/tools/fqai.asp. However, a most popular way is to use FQI 

calculator, a program that can generate FQA outcomes based on species and richness inputs. 

b. Vegetation IBI (VIBI) 

VIBI: Table A-II-1 generalizes the VIBI metrics for different types of wetlands.  

Table A-II-1 Metrics used in the Ohio VIBI for different types of wetlands (Stapanian et al. 2013) 

 

Detailed explanation can be found in the original thesis.  

c. Short list method. 

Just as fish-based and macroinvertebrate IBI, VIBI can be conducted in a similar way. And 

obviously, collecting the data for a VIBI can be quite time-consuming. It is estimated to take a 

crew of several biologists 3–6 h in the field. (Stapanian et al. 2013) To identify the ecological 

integrity of a wetland more rapidly, Stapanian and his colleagues statistically examined the 

correlations between the occurrence of a series of plant species and the VIBI scores for 353 

sites in Ohio, USA and came up with a short list of wetland species, which can indicate the 

status of wetlands.  

In addition, since we want to know the temporal trend in vegetation and quantify this change, 

VIBI and FQA are more appropriate. The short list method is rapid but can be only regarded 

as a tool to judge the status of a wetland ecosystem, but will fail to show where exactly a 

wetland is in the recovery progress. FQA is less complicated than VIBI. In fact VIBI includes 

FQA and apparently is more comprehensive. 

http://www.mawwg.psu.edu/tools/fqai.asp
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Part III. Water Quality assessment tools proposed by EPA and US Army Corps of 

Engineers. 

Table A-III-1 Recommended water quality indicators for general designated use categories 

 Aquatic Life &Wildlife Recreation 

Recommended 

Core Indicators 

Condition of biological communities  

Dissolved oxygen 

Temperature 

Conductivity 

pH 

Habitat assessment 

Flow 

Nutrients 

Landscape conditions (e.g., % cover of 

land uses) 

Pathogen indicators 

(E. coli, enterococci) 

Nuisance plant Growth 

Flow 

Nutrients 

Chlorophyll 

Landscape conditions (e.g., % 

cover of land uses) 

Refer to http://water.epa.gov/type/watersheds/monitoring/elements.cfm#d. 

Table A-III-2 parameters collected from NMR in pre-restoration evaluation. (US Army Corps of Engineers and City of 
Pittsburgh, 2000) 

Field Water Temperature Total Aluminum 

Field pH Total Arsenic 

Field Dissolved Oxygen Total Cadmium 

Field Specific Conductivity Total Barium 

Lab Specific Conductivity @ 25 C Total Beryllium 

Lab pH Total Calcium 

Phenolphthalein Alkalinity as CaCO3 Total Lead 

Hydroxide Alkalinity as CaCO3 Total Selenium 

Bicarbonate Alkalinity as CaCO3 Total Chromium 

Carbonate Alkalinity as CaCO3 Total Copper 

Total Acidity Total Iron 

Total Hardness Total Potassium 

Turbidity Total Magnesium 

Apparent Color Total Manganese 

Total Solids Total Sodium 

Dissolved Solids Total Nickel 

Total Suspended Solids Total Antimony 

Nitrogen, NH3 Total Zinc 

Total Nitrogen, NO2 + NO3 Fluoride 

Total Kjeldahl Nitrogen Eschherichia coli Bacteria 

Total Phosphorous Total Coliform Bacteria 

Total Chloride Fecal Coliform Bacteria 

Sulfates  Total Petroleum Hydrocarbons 

Biochemical Oxygen Demand5, 11, 21, ultimate Residual Chlorine  

 Field Turbidity 

 

 

 

 

http://water.epa.gov/type/watersheds/monitoring/elements.cfm#d
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Part IV. Data analysis and interpretation 

a. Water Quality 

         

Figure A-IV-1 Plot suggesting flow and nitrate relationship from the study by Marion Sikora, Emily Elliott and Dan Bain, 
University of Pittsburgh (2008 report) 

b. Fish and macroinvertebrates data 

Table A-IV-1 Fish data at Station 2 

 1998 6/1/99 6/26/06 7/7/07 11/10/10 6/2/11 11/1/11 10/16/12 

White sucker (Catostomus commersonii) 0 2 21 91 79 108 195 21 

Northern hogsucker (Hypentelium nigricans) 0 0 0 0 1 1 4 0 

Black redhorse (Moxostoma duquesnei) 0 0 0 0 0 1 0 0 

Golden redhorse (Moxostoma erythrurum) 0 0 0 0 0 0 2 0 

Central stoneroller (Campostoma anomalum) 0 0 0 1 6 1 1 8 

Spotfin shiner (Cyprinella spiloptera) 0 0 0 0 319 1 1044 15 

Emerald shiner (Notropis atherinoides) 0 0 0 0 2 0 279 0 

Channel shiner (Notropis wickliffi)* 0 0 0 0 0 0 2 0 

Mimic shiner (Notropis volucellus) 0 0 0 0 1 3 1093 0 

Striped shiner (Luxilus chrysocephalus) 0 0 0 0 0 1 0 0 

Shiner (Luxilus cornutus) 0 0 0 0 0 0 1 0 

0 . 0 0 . 5 1 . 0 1 . 5 2 . 0 2 . 5

D i s c h a r g e  ( m

3

/ s e c )

0

2000

4000

6000

8000

10000

N
i

t
r

a
t

e
 

F
l

u
x

 
(

m
g

/
s

e
c

)
0



29 
 

Bluntnose minnow (Pimephales notatus) 0 0 0 0 160 150 2562 72 

Blacknose dace (Rhinichthys obtusus) 0 8 6 18 651 532 351 480 

Creek chub (Semotilus atromaculatus) 4 6 7 201 314 128 170 286 

Banded killifish (Fundulus diaphanus) 0 0 0 0 0 0 1 0 

Brook silverside (Labidesthes sicculis) 0 0 0 0 0 0 1 0 

Green sunfish (Lepomis cyanellus) 0 3 0 2 49 46 208 80 

Pumpkinseed (Lepomis gibbosus) 0 0 0 0 6 1 25 25 

Bluegill (Lepomis macrochirus) 0 0 0 0 25 2 84 8 

Hybrid sunfish (Lepomis) 0 0 0 0 0 0 1 0 

Smallmouth bass (Microptera dolomieu) 0 0 2 0 3 0 7 1 

Spotted bass (Microptera punctulatus) 0 0 0 0 0 0 4 0 

Rock bass (Ambloplites rupestris) 0 0 0 0 0 0 1 0 

Rainbow darter (Etheostoma caruleum) 0 0 0 0 0 1 0 0 

Johnny darter (Etheostoma nigrum) 0 0 0 0 1 0 0 0 

Sauger (Sander canadensis) 0 0 1 0 0 0 0 0 

White bass (Morone chrysops) 0 0 0 0 0 0 0 1 

Total 4 19 37 313 1617 976 6036 997 

 

Table A-IV-2 Fish data at Station 4 

 6/1/99 7/10/06 9/4/08 7/6/09 10/30/10 6/13/11 9/24/11 11/17/12 

White sucker (Catostomus commersonii) 0 3 7 5 11 7 8 29 

Spotfin shiner (Cyprinella spiloptera) 0 0 0 0 0 10 5 1 

Goldfish (Carassius auratus) 0 0 0 0 1 0 0  

Bluntnose minnow (Pimephales notatus) 0 0 0 0 1 0 0 1 

Blacknose dace (Rhinichthys obtusus) 0 2 6 64 299 888 781 2179 

Creek chub (Semotilus atromaculatus) 2 8 111 39 246 262 213 2104 

Green sunfish (Lepomis cyanellus) 0 2 1 4 5 28 30 49 

Central stoneroller (Campostoma anomalum) 0 0 0 0 0 0 0 4 

Redside dace (Clinostoma elongatus) 0 0 0 0 0 0 0 1 

Total 2 15 125 112 563 1195 1037 4368 
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Table A-IV-3 Fish data at Station 2 

 1998 6/1/99 6/26/06 7/7/07 11/10/10 6/2/11 11/1/11 10/16/12 

White sucker (Catostomus commersonii) 0 2 21 91 79 108 195 21 

Northern hogsucker (Hypentelium nigricans) 0 0 0 0 1 1 4 0 

Black redhorse (Moxostoma duquesnei) 0 0 0 0 0 1 0 0 

Golden redhorse (Moxostoma erythrurum) 0 0 0 0 0 0 2 0 

Central stoneroller (Campostoma anomalum) 0 0 0 1 6 1 1 8 

Spotfin shiner (Cyprinella spiloptera) 0 0 0 0 319 1 1044 15 

Emerald shiner (Notropis atherinoides) 0 0 0 0 2 0 279 0 

Channel shiner (Notropis wickliffi)* 0 0 0 0 0 0 2 0 

Mimic shiner (Notropis volucellus) 0 0 0 0 1 3 1093 0 

Striped shiner (Luxilus chrysocephalus) 0 0 0 0 0 1 0 0 

Shiner (Luxilus cornutus) 0 0 0 0 0 0 1 0 

Bluntnose minnow (Pimephales notatus) 0 0 0 0 160 150 2562 72 

Blacknose dace (Rhinichthys obtusus) 0 8 6 18 651 532 351 480 

Creek chub (Semotilus atromaculatus) 4 6 7 201 314 128 170 286 

Banded killifish (Fundulus diaphanus) 0 0 0 0 0 0 1 0 

Brook silverside (Labidesthes sicculis) 0 0 0 0 0 0 1 0 

Green sunfish (Lepomis cyanellus) 0 3 0 2 49 46 208 80 

Pumpkinseed (Lepomis gibbosus) 0 0 0 0 6 1 25 25 

Bluegill (Lepomis macrochirus) 0 0 0 0 25 2 84 8 

Hybrid sunfish (Lepomis) 0 0 0 0 0 0 1 0 

Smallmouth bass (Microptera dolomieu) 0 0 2 0 3 0 7 1 

Spotted bass (Microptera punctulatus) 0 0 0 0 0 0 4 0 

Rock bass (Ambloplites rupestris) 0 0 0 0 0 0 1 0 

Rainbow darter (Etheostoma caruleum) 0 0 0 0 0 1 0 0 

Johnny darter (Etheostoma nigrum) 0 0 0 0 1 0 0 0 

Sauger (Sander canadensis) 0 0 1 0 0 0 0 0 

White bass (Morone chrysops) 0 0 0 0 0 0 0 1 

Total 4 19 37 313 1617 976 6036 997 
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Table A-IV-4 Fish data at Station 4 

 6/1/99 7/10/06 9/4/08 7/6/09 10/30/10 6/13/11 9/24/11 11/17/12 

White sucker (Catostomus commersonii) 0 3 7 5 11 7 8 29 

Spotfin shiner (Cyprinella spiloptera) 0 0 0 0 0 10 5 1 

Goldfish (Carassius auratus) 0 0 0 0 1 0 0  

Bluntnose minnow (Pimephales notatus) 0 0 0 0 1 0 0 1 

Blacknose dace (Rhinichthys obtusus) 0 2 6 64 299 888 781 2179 

Creek chub (Semotilus atromaculatus) 2 8 111 39 246 262 213 2104 

Green sunfish (Lepomis cyanellus) 0 2 1 4 5 28 30 49 

Central stoneroller (Campostoma anomalum) 0 0 0 0 0 0 0 4 

Redside dace (Clinostoma elongatus) 0 0 0 0 0 0 0 1 

Total 2 15 125 112 563 1195 1037 4368 

 

 

c. Metrics and rating system for IBI used by Michael Koryak (2013). 

Table A-IV-5 Metrics of IBI 

 Metric  Metric 

1 Total number of fish species 7 Percent tolerant species 

2 Number of darter/sculpin species 8 Percent omnivores/generalists 

3 Number of sunfish species 9 Percent insectivorous species 

4 Number of sucker species 10 Percent top carnivores/piscivores 

5 Number of minnow species 11 Number of individuals/300 meter 

6 Number of intolerant species 12 Percent abundance of blacknose dace 

 

Table A-IV-6 Rating for IBI score 

Score Rating 

<14 Very poor 

15-24 Poor 

25-34 Fair 

35-49 Good 

>50 Exceptional 

 

 



32 
 

d. Prey and predator analysis 

 

       

Figure A-IV-2 Prey and predator analysis at CS 
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