Sedimentation Issues in Aarons Creek, Morgantown, WV
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INTRODUCTION
Friends of Deckers Creek (FODC) is a non-profit watershed organization with a mission to improve the natural qualities of, increase public concern for, and promote the enjoyment of the Deckers Creek watershed. FODC uses its Clean Creek Program, started in 2002, to track long-term chemical and biological trends in Deckers Creek and four of its major tributaries.  Through the Clean Creek Program, FODC staff found a downward trend in the macroinvertebrate communities in Aarons Creek, a major tributary to Deckers Creek in Morgantown, WV.  Aarons Creek does not receive any acid mine drainage (AMD) discharges; however, FODC staff have observed failing banks and an increase in fine sediment which may be negatively impacting the aquatic communities.  Therefore, the goals of this study were to: 1) determine if water chemistry, physical habitat, and/or macroinvertebrate communities in Aarons Creek are impaired by excess sediment, and 2) locate specific areas of sediment loading for future remediation projects.
Sediment can negatively impact stream water chemistry, physical habitat, and aquatic communities.   Increases in sediment can lead to increases in stream conductivity and temperature. Sediment can also fill in the stream bed, clogging the interstitial spaces where benthic macroinvertebrates and early fish stages thrive, and lead to “flashy” stream flow conditions and flooding issues. Aquatic organisms may be further impacted as high levels of sediment cause gill clogging and vision problems.
 Sediment can make its way into a stream via bank erosion and failure and stormwater runoff which can be aided by inadequate riparian buffer zones, stream channelization, livestock access points, agriculture, or construction practices.  All of these activities have been observed in the Aarons Creek watershed and may be potential sources of excess sediment to the stream. The Aarons Creek watershed is long and narrow and drains 7.2 miles. The stream rises at an elevation of 2,100 feet above sea level and flows 8.6 miles to Deckers Creek at 830 feet above sea level. The watershed is mostly forested, especially in its upper reaches. Agriculture, residential, and light industrial areas occur in the lowest third of the watershed. Aarons Creek is a perennial, warmwater tributary to Deckers Creek.  The stream supports a very diverse fish community consisting of several species of bass, sunfish, minnows, and darters. Fish were observed in Aarons Creek throughout this study.
This study was made possible by funding through an Additional Grant Opportunity by the Non-Point Source Program within the West Virginia Department of Environmental Protection (WVDEP), The American Recovery and Reinvestment Act, and the Appalachian Coal Country Team, a cooperative between the Office of Surface Mining and Americorps VISTA.
METHODS
In an effort to better understand potential sediment impairment within Aarons Creek, FODC staff conducted a series of in-stream walks. These efforts to pinpoint areas of concern based on visual substrate analysis and stream bank measurements began at the mouth of Aarons Creek and ended with its passing under Interstate 68 outside of Morgantown.  FODC staff, including Martin Christ, Sarah Veselka, and Brian Carlson, conducted the initial stream walks and documented points of concern taking GPS points, pictures, and notes.  Points of concern included pipes entering the stream, exposed or undercut stream banks, areas with large amounts of fine sediments, point bars, and potential sources of pollution from riparian activities such as cattle access points or residential and commercial developments. 
FODC staff then used the data collected through the in-stream walks to choose locations in Aarons Creek in need of further study.  Seven locations were chosen including five sites FODC believed were impacted by sedimentation and two sites in good condition to be used as potential reference points. These sites are illustrated in Figure 1. The potentially impaired sites include Aarons Creek at its confluence with Deckers Creek (AaMouth), Aarons Creek downstream from a large eroded bank exposing a natural gas pipe (AaBPipe), Aarons Creek behind Morgantown Printing and Binding adjacent to a large gabion wall (AaMPBGab), and two locations in Aarons Creek within a livestock pasture (AaBFarm and AaAbFarm).  The two potential reference sites chosen include Aarons Creek in a relatively undisturbed forest downstream of Morgantown Printing and Binding (AaWooded) and Aarons Creek closer to its headwaters above the crossing of Lower Aarons Creek Road (AaLACR).  To further investigate these seven sites, FODC staff examined water chemistry, physical habitat quality, and benthic marcoinvertebrate communities.  
Water Chemistry – Oakton handheld field probes were used to measure water chemistry parameters including temperature, dissolved oxygen, pH, and conductivity.  The Oakton dissolved oxygen probe was always placed in riffle habitat and the Oakton pH/Conductivity probe was always given adequate time to stabilize.
Habitat Quality – The WVDEP Watershed Assessment Branch (WAB) Benthic Stream Assessment Form (WVEP WAB, 2009) was used to assess physical habitat.  Habitat assessments were completed in the field at each of the seven sites by FODC staff and West Virginia University (WVU) interns.  Using the WVDEP WAB habitat assessment forms, FODC staff recorded and ranked watershed landuse, riparian activity and vegetation characteristics, substrate composition, degree of embeddedness, channel flow status, velocity/depth regimes, frequency of riffles, sediment deposition, bank stability, and width of undisturbed vegetated zone. Upon arriving at a sampling site, FODC staff and volunteers recorded the dominant and sub-dominant substrate types at the downstream end of the reach.  Dominant and sub-dominant substrate types were then recorded every 10 m for a total length of 100 m in order to characterize substrate make-up within the sampling reach. These observations were used to calculate substrate particle percentages for each site.  Further, a substrate layer profile was conducted at each sampling site to further characterize the substrate within each reach. Each substrate layer profile was completed in riffle habitat within the thalweg at each site. The first particle size picked from the stream bed was recorded using a key on the WVDEP data form.  The next four subsequent particle sizes were also recorded one after another and the total depth reached after five picks was also recorded. Average wetted width at each sampling location was calculated by averaging wetted width measurements taken at three separate locations: 1) at the top, 2) bottom, and 3) middle of each reach.  Wetted width measurements were taken using a measuring tape and recording the distance from where the stream meets the bank (soil/rock) on one side to where the stream meets the bank on the other.
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Benthic Macroinvertebrates - To assess macroinvertebrate communities, FODC staff followed WVDEP’s Standard Operating Procedures which are outlined in Rapid Bioassessment Protocols for Use in Wadeable Rivers and Streams, Second Edition (Barbour et al. 1999); however, five kick nets were collected instead of four. Benthic macroinvertebrate samples were collected within each of the seven, 100 meter sampling reaches.  FODC staff and volunteers consisting of WVU students and FODC Youth Advisory Board members used a square-frame kick net to collect five 0.5 m² samples in targeted riffle habitat for a total of 1.25 m2 sampled per site.  The five samples taken at each site were then combined, sieved through a standard 30µm-mesh sieve, and stored in alcohol. Back in the lab, samples were dyed using Rose Bengal and sorted by FODC staff and intern volunteers from the WVU Davis College of Agriculture, Natural Resources, and Design. Sorting benthic samples consisted of staff and volunteers searching through each sample using an illuminated magnifying lens for benthic macroinvertebrate specimens which were removed and stored in a specimen jar. FODC staff then identified all macroinvertebrates collected and sorted to the family level with the exception of aquatic worms (Oligochaeta) which were identified to sub-class only.  The West Virginia Stream Condition Index (WVSCI) was then calculated as the average of the following macroinvertebrate metrics: percent Ephemeroptera, Plecoptera, and Trichoptera (EPT) abundance, EPT richness, modified Hilsenhoff index, taxa richness, percent Chironomidae, and percent two dominant taxa (Gerritson et al. 2000).
RESULTS
Water Chemistry – Water chemistry was collected using the Oakton handheld probes at each of the seven sampling locations are listed below (Table 1). All water chemistry parameters collected comply with WV state water quality standards.
Table 1. Water Chemistry Data Collected at Each of the Seven Sample Sites.
	Site
	pH
	Temperature (◦ C)
	Dissolved Oxygen (mg/L)
	Specific Conductance (µs/cm)

	AaMouth
	7.98
	22.9
	8.14
	351

	AaBPipe
	8.07
	24.3
	7.86
	335

	AaWooded
	7.87
	24.6
	6.38
	354

	AaMPBGab
	7.83
	24.8
	8.74
	414

	AaBFarm
	7.90
	28
	9.06
	365

	AaAbFarm
	7.68
	22.7
	8.57
	377

	AaLACR
	7.40
	20.5
	8.20
	183.4
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AaMouth (Aarons Creek at Mouth)

This sampling reach begins at the mouth of Aarons Creek approximately 10 m upstream from its confluence with Deckers Creek. The picture to the right is looking upstream approximately 15 m above the confluence of Aarons Creek with Deckers Creek.  This stream reach was sampled on July 15, 2010 at 1030.  The weather on this day was warm and partly cloudy, and there was a major rain event seven days prior; however, the stream was observed at baseflow.

Physical Habitat - Access to the site is achieved via Greenbag Road (Figure 2) near Home Warehouse, Inc. then walking downstream or alternatively, crossing Deckers Creek near 84 Lumber on Old Deckers Creek Road. The latitude and longitude coordinates for this site are 39.627193°N and -79.932468°W.  Landuse within the reach was predominately light commercial and forest. Light commercial landuse included a parking lot with an 18-wheel truck and single commercial building on river right with a 2 out of 4 disturbance rating for the industrial parking lot. The reach was within earshot of a highly traveled (scored 3 out of 4), double-lane asphalt road (Greenbag Road) roughly 50 m from river right.  Sediment and industrial litter were observed coming off of the commercial parking lot on river right and rip rap has been applied to the river right bank for bank stabilization assistance (scored 1 out of 4 in disturbance rating for fill management). An active straight pipe and bank erosion issues have been previously observed upstream of this site.  Stormwater piping was observed along the river right bank throughout the reach resulting in a low reach activity/disturbance rating for industrial piping/draining (1 out of 4). These disturbance ratings can be [image: image5.png]WVSCI Score
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seen in Appendix A.
Average wetted width at the reach was measured to be 5.7 m and the proportion of riffle, run, and pool throughout the reach was estimated at 60% riffle, 35% run, and 5% pool. At the time of sampling, atmospheric odors were rated a 2 out of 4 for sewage, probably from combined sewage overflow (CSO) pipes in nearby Deckers Creek.  Sediment odors were normal, sediment oils were absent, the water level was at a seasonal normal, water odor was normal, there were no surface oils observed, water was clear, and foam presence was rated <1 out of 4. Dominant vegetation type within 18 m from the stream edge on river left was deciduous forest with very heavy (> 75%) canopy (> 5 m high), moderate (10-40%) understory (0.5-5 m high), and sparse (0-10%) ground cover (< 0.5 m high).  River right vegetation cover[image: image7.png]WVSCI Score
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 was not as diverse as river left, with only sparse (0-10%) canopy (> 5 m high), sparse (0-10%) understory (0.5-5 m high), and sparse (0-10%) ground cover (< 0.5 m high) observed.  The stream surface was partly exposed (50-75% shaded) in the reach.
Both river right and left had heavy (40-75%) exposed, readily erodible barren surfaces.  Within the extended riparian zone on river left (18 – 100 m), a steep slope climbed upward to a residential, undeveloped road.  This zone appeared to have significant buffering capacity due to extensive vegetation and permeable soil, but also showed potential for allochtonous input due to the steep topography.   The extended riparian zone on river right (18 – 100 m) contained the previously mentioned light commercial development, and Greenbag Road.  Stormwater buffering capacity on river right was estimated as low due to lack of vegetation and permeable surfaces.
Using substrate data collected every 10 m (Appendix B), stream substrate was estimated to be 0% bedrock, 8% boulder, 14% cobble, 32% coarse gravel, 14% fine gravel, 32% sand, 0% silt and fines, 0% clay, and 0% metal hydroxide. Fine sediment deposits were observed and were composed of high amounts of sand (3 out of 4), moderate amounts of silt and fine gravel (2 out of 4), and low amounts of limestone and industrial litter such as piping and cinder blocks (1 out of 4). A substrate particle layer profile was completed in the thalweg at the 5 m mark and was found to be composed of: 1) cobble, 2) coarse gravel, 3) fine gravel, 4) fine gravel, and 5) sand at a final depth of 12.7 cm.  The total habitat score for AaMouth was found to be 113, an overall sub-optimal rating (Table 2).
	Table 2.  WVDEP WAB Habitat Quality Scores for AaMouth
	
	

	Habitat Parameter
	Score
	Condition Category

	Epifaunal Substrate
	13
	Sub-optimal

	Embeddedness
	8
	Marginal

	Velocity/Depth Regime
	14
	Sub-optimal

	Sediment Deposition
	7
	Marginal

	Channel Flow Status
	15
	Sub-optimal

	Channel Alteration
	15
	Sub-optimal

	Frequency of Riffles
	17
	Optimal

	Bank Stability (Left)
	4
	Marginal

	Bank Stability (Right)
	4
	Marginal

	Vegetative Protection (Left)
	3
	Marginal

	Vegetative Protection (Right)
	3
	Marginal

	Riparian Undisturbed Vegetative Zone Width (Left)
	9
	Optimal

	Riparian Undistrubed Vegetative Zone Width (Right)
	1
	Poor

	TOTAL SCORE
	113
	Sub-optimal


Benthic Macroinvertebrates - Kick nets on 1.25 m² yielded 323 organisms that were collected and identified at this site representing 20 different taxa (Table 3).  Dominant families collected (in order of dominance) included common net-spinning caddisfly (Trichoptera Hydropsychidae), common mayfly (Ephemeroptera Baetidae), and non-biting midge (Diptera Chironomidae). The West Virginia Stream Condition Index (WVSCI) was calculated to be 77.3 (Appendix C), and eight EPT taxa were identified comprising 57% of the community (Table 4).

 Table 3. Macroinvertebrate Taxa Collected and Identified From AaMouth.
	Taxa
	Count

	Oligochaeta
	.
	10

	Bivalvia
	Sphaeridae
	1

	Crustacea
	Cambaridae
	2

	Trichoptera
	Hydropsychidae
	98

	Trichoptera
	Philopotamidae
	2

	Ephemeroptera
	Baetidae
	76

	Ephemeroptera
	Caenidae
	1

	Ephemeroptera
	Heptageniidae
	2

	Ephemeroptera
	Ameletidae
	1

	Ephemeroptera
	Isonychiidae
	3

	Odonata
	Gomphidae
	1

	Plecoptera
	Perlidae
	1

	Coleoptera
	Psephenidae
	10

	Coleoptera
	Elmidae
	39

	Megaloptera
	Sialidae
	3

	Diptera
	Chironomidae
	52

	Diptera
	Tipulidae
	14

	Diptera
	Empididae
	1

	Diptera
	Simulidae
	3

	Diptera
	Ceratopogonidae
	3

	SUM
	 
	323


	Table 4. AaMouth Macroinvertebrate Indices
	Score

	WV Stream Condition Index
	77.3

	Total Number
	323

	% Ephemeroptera, Plecoptera, Trichoptera (EPT)
	57.0

	EPT Richness
	8

	% Tolerant
	21.1

	% Ephemeroptera
	25.7

	Modified Hilsenhoff Index
	5.0

	% 2 Dominance
	42.4

	Taxa Richness
	20

	% Chironomidae
	16.1


AaBPipe (Aarons Creek Below Exposed Gas Pipe)

This sampling reach in Aarons Creek is located approximately 150 m downstream from a large, exposed pipe on river right, less than 10 m from Greenbag Road (Figure 2). The picture below shows the guardrail along Greenbag Road just above the exposed gas pipe looking upstream. The stream reach was sampled on July 15, 2010 at 1330. The weather was warm and partly cloudy.  There was a major rain event seven days prior to sampling; however, the stream was observed at baseflow.

Physical Habitat - Access to the site is achieved via a small bridge over Aarons Creek connecting Greenbag Road to a shopping plaza which contains Milano’s Pizza and then walking upstream approximately 25 meters.  The latitude and longitude coordinates for the site are 39.617293°N and -79.931931°W.  Landuse within the reach was predominantly commercial (river left), light industrial (river left), and forest (river right) (Figure 2).
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The reach is adjacent to a highly traveled (3 out of 4 rating), double-lane asphalt road (Greenbag Road) roughly 1-5 m from river right, and within 25 m of a lightly traveled (1 out of 4 rating), single-lane, industrial, asphalt road on river left.  At the time of sampling, residential activities/disturbances observed on river left included a moderate impact due to construction (2 out of 4 rating), and low impacts due to residences, lawns, and power lines (1 out of 4 rating).  Industrial activities/disturbances within the reach included a low impact due to a parking lot on river left (1 out of 4 rating) and a high impact due to oil/gas lines (3 out of 4 rating).  A moderate impact due to fill activities (2 out of 4 rating) was also observed at the site on river left. These disturbance rating scores can be seen in Appendix A.
Average wetted width of the reach was measured to be 10.9 m and the proportion of riffle, run, and pool throughout the reach was estimated at 60% riffle, 40% run, and 0% pool.  At the time of sampling, atmospheric odors were rated 0, sediment odors were normal, sediment oils were absent, the water level was at a seasonal normal, water odor was normal, there were no surface oils observed, the water was clear, and foam presence was rated 0-1 out of 4. Dominant vegetation type within 18 m from the stream edge on river left was deciduous forest with sparse (0-10%) canopy (> 5 m high), sparse (0-10%) understory (0.5-5 m high), and very heavy (>75%) ground cover.  River right had a slightly greater amount of developed vegetation but significantly less ground cover due to the close proximity of Greenbag Road. Observed vegetation within the 18 m riparian zone on river right was sparse (0-10%) canopy (>5 m high), moderate (10-40% understory (0.5 – 5 m high), and sparse (0-10%) ground cover (<0.5 m high). Further, the stream surface was fully exposed (0-25% shaded) due to minimal riparian shading.
Both river right and left had moderate (10-40%) exposed, readily erodible, barren surfaces.  The extended riparian zone on river left (18 – 100 m) contained a mowed and shrubby field with no obvious change in elevation that extended roughly 50 m to the edge of a parking lot for a commercial and industrial development.  This field may provide a slight buffer for stormwater running off those developed properties.  The extended riparian zone on river right (18 – 100 m) contained Greenbag Road and then a well-developed forest on the opposite side situated on a steep hillside.  The lack of pervious surfaces between this site and Greenbag Road may cause stormwater surges in Aarons Creek. Because of its close proximity to Aarons Creek, Greenbag Road may also be acting as a restrictor to natural stream flow.  The combination of stormwater issues and a straightened, riprapped section of Aarons Creek immediately upstream from the gas pipe is most likely causing the severe bank erosion seen upstream on river right.  Currently, Dominion Power, the natural gas pipe owner, is obtaining permits to conduct a stream bank restoration project to cover the exposed pipe.
Using substrate data collected every 10 m (Appendix B), stream substrate was calculated to be 14% bedrock, 0% boulder, 18% cobble, 32% coarse gravel, 23% fine gravel, 9% sand, 0% silt and fines, 5% clay, and 0% metal hydroxide.  Sediment deposits were observed and composed of high amounts of sand and fine gravel (3 out of 4 rating) and low amounts of silt (1 out of 4 rating).  A substrate particle layer profile was conducted at the 50 m mark mid-stream and was found to be composed of:  1) cobble, 2) coarse gravel, 3) fine gravel, 4) fine gravel, and 5) fine gravel at a final depth of 6.4 cm. The total habitat score for AaBPipe was found to be 136 which is a sub-optimal rating (Table 5).
	Table 5.  WVDEP WAB Habitat Quality Scores for AaBPipe.
	
	

	Habitat Parameter
	Score
	Condition Category

	Epifaunal Substrate
	13
	Sub-optimal

	Embeddedness
	15
	Sub-optimal

	Velocity/Depth Regime
	18
	Optimal

	Sediment Deposition
	16
	Optimal

	Channel Flow Status
	11
	Sub-optimal

	Channel Alteration
	13
	Sub-optimal

	Frequency of Riffles
	19
	Optimal

	Bank Stability (Left)
	7
	Sub-optimal

	Bank Stability (Right)
	3
	Marginal

	Vegetative Protection (Left)
	7
	Sub-optimal

	Vegetative Protection (Right)
	6
	Sub-optimal

	Riparian Undisturbed Vegetative Zone Width (Left)
	5
	Marginal

	Riparian Undistrubed Vegetative Zone Width (Right)
	3
	Marginal

	TOTAL SCORE
	136
	Sub-optimal


Benthic Macroinvertebrates - Kick nets on 1.25 m² yielded 924 organisms that were collected and identified at this site representing 25 taxa (Table 6). Dominant families collected (in order of dominance) included: common net-spinning caddisfly (Trichoptera Hydropsychidae), common mayfly (Ephemeroptera Baetidae), and non-biting midge (Diptera Chironomidae). The WVSCI score was calculated to be 80.6 (Appendix C), and 11 EPT taxa were identified comprising 66% of the community (Table 7).
Table 6. Macroinvertebrate Taxa Collected and Identified from AaBPipe.
	Taxa
	Count

	Oligochaeta
	Oligochaeta
	19

	Bivalvia
	Sphaeriidae
	1

	Decapoda
	Cambaridae
	5

	Crustacea
	Gammaridae
	1

	Isopoda
	Asellidae
	4

	Ephemeroptera
	Baetidae
	139

	Ephemeroptera
	Heptageniidae
	5

	Ephemeroptera
	Isonychiidae
	6

	Trichoptera
	Hydropsychidae
	446

	Trichoptera
	Philopotamidae
	2

	Trichoptera
	Rhyacophilidae
	1

	Trichoptera
	Hydroptilidae
	1

	Plecoptera
	Chloroperlidae
	2

	Plecoptera
	Capniidae/Leuctridae
	4

	Plecoptera
	Perlidae
	1

	Plecoptera
	Perlodidae
	3

	Odonata
	Gomphidae
	1

	Coleoptera
	Elmidae
	76

	Coleoptera
	Psephenidae
	20

	Diptera
	Chironomidae
	107

	Diptera
	Tipulidae
	53

	Diptera
	Simuliidae
	22

	Diptera
	Empididae
	1

	Diptera
	Ceratopogonidae
	3

	Arachnida
	Hydrachnida
	1

	SUM
	
	924


	Table 7. AaBPipe Macroinvertebrate Indices
	Score

	WV Stream Condition Index
	80.6

	Total Number
	924

	% Ephemeroptera, Plecoptera, Trichoptera (EPT)
	66.0

	EPT Richness
	11

	% Tolerant
	16.4

	% Ephemeroptera
	16.2

	Modified Hilsenhoff Index
	5.0

	% 2 Dominance
	56.5

	Taxa Richness
	25

	% Chironomidae
	11.6
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AaWooded (Aarons Creek in Forested Area)
This sampling reach is located at the downstream end of a forested area directly behind Morgantown Printing and Binding (MPB) on Greenbag Road, Morgantown WV (Figure 3). The picture to the right shows the MPB warehouse beyond the tree line on the right. The parking lot for MPB is directly to the left of the building and behind Aarons Creek as it curves to the right out of the picture. The stream reach was sampled on July 22, 2010 at 1220. The weather was hot and sunny, and there was a major rain event within seven days prior to sampling; however, the stream was observed at low flow.
Physical Habitat - Access to the site is achieved via MPB’s parking lot off of Greenbag Road (Figure 3).  The stream is located behind MPB’s building and is directly adjacent to their property. Here, Aarons Creek flows through a forest behind the building extending downstream from the parking lot.  The reach begins at latitude 39.613326°N and longitude -79.93309°W.  Landuse within the reach was predominantly commercial/ light industrial (MPB on river right), residential (river right and left), and forest (Figure 3). At the time of sampling, residential activities/disturbances observed included moderate impact due to residential buildings and lawns (2 out of 4 rating) and a low impact due to power lines (1 out of 4 rating). Industrial activities/disturbances present at the time of sampling included low impact due to pipes/drains (1 out of 4 rating) and high impact due to parking lot disturbances (3 out of 4 rating).  There was a moderate impact due to impoundment management (2 out of 4 rating), specifically a stormwater impoundment on river right, and there was a highly traveled, double-lane, asphalt road (Greenbag Road) roughly 100 m from river right (3 out of 4 rating). The MPB parking lot and warehouse on river right are likely restrictive to the natural flow of the stream.  There was a residential development under construction just over 100 m on river left which may be a downstream source of sediment. These disturbance ratings can be seen in Appendix A.
Average wetted width at the reach was measured at 4.00 m and the proportion of riffle, run, and pool throughout the reach was estimated at 40% riffle, 40% run, and 20% pool.  At the time of sampling, atmospheric odors were absent, sediment odors were normal, sediment oils were absent, the water level was at a seasonal normal, water odor was normal, there were no surface oils observed, the 
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water was clear, and foam presence was rated 0 out of 4. Dominant vegetation type within 18 m from the stream edge on river left was deciduous forest with moderate (10-40%) canopy (>5 m high), sparse (0-10%) understory (0.5-5 m high), and heavy (40-75%) ground cover (<0.5 m high). Overall, river right had slightly less vegetation due to the presence of MPB with sparse (0-10%) canopy (>5 m high), sparse (0-10%) understory (0.5-5 m high), and moderate (10-40%) ground cover (<5 m high). The stream surface at this site was fully shaded (75-100% shaded).
[image: image11.png]WVSCl Score

100

95

90

85

80

75

70

15

Score

20

25



River left did not contain any (0%) exposed, readily erodible, barren surfaces; however, we observed sparse (0-10%) exposed, readily erodible, barren surfaces on river right.  The extended riparian zone on river right (18-100 m) contained the MPB warehouse and parking lot and the heavily-trafficked Greenbag Road.  Because of this large amount of impervious surface area, the buffering capacity on river right was estimated to be low. The extended riparian zone (18-100 m) on river left was forested, providing 100% shading of the stream reach.  However, residential properties were also observed from stream side to well beyond 100 m.  Because of the forested riparian zone, buffering capacity was estimated to be excellent on river left.
Using substrate data collected every 10 m (Appendix B), stream substrate composition was calculated to be 0% bedrock, 0% boulder, 4.5% cobble, 41% coarse gravel, 23% fine gravel, 27% sand, 4.5% silt, 0% clay, and 0% metal hydroxide. Sediment deposits were observed and composed of low amounts of silt (1 out of 4 rating), moderate amounts of sand (2 out of 4 rating), and high amounts of fine gravel (3 out of 4 rating). Slight bank erosion was observed on river right for the entire length of the reach. A substrate particle layer profile was completed mid-stream at the 40 meter mark and was found to be composed of:  1) cobble, 2) coarse gravel, 3) coarse gravel, 4) fine gravel, and 5) sand at a final depth of 17 centimeters. The total habitat score for AaWooded was found to be 144 which is a sub-optimal rating (Table 8).
	Table 8.  WVDEP WAB Habitat Quality Scores for AaWooded.
	
	

	Habitat Parameter
	Score
	Condition Category

	Epifaunal Substrate
	17
	Optimal

	Embeddedness
	13
	Sub-optimal

	Velocity/Depth Regime
	14
	Sub-optimal

	Sediment Deposition
	7
	Marginal

	Channel Flow Status
	18
	Optimal

	Channel Alteration
	15
	Sub-optimal

	Frequency of Riffles
	20
	Optimal

	Bank Stability (Left)
	9
	Optimal

	Bank Stability (Right)
	7
	Sub-optimal

	Vegetative Protection (Left)
	9
	Optimal

	Vegetative Protection (Right)
	4
	Marginal

	Riparian Undisturbed Vegetative Zone Width (Left)
	9
	Optimal

	Riparian Undistrubed Vegetative Zone Width (Right)
	2
	Poor

	TOTAL SCORE
	144
	Sub-optimal


Benthic Macroinvertebrates - Kick nets on 1.25 m² yielded 1,267 organisms that were collected and identified at the sties representing 31 taxa (Table 9).  Dominant families collected (in order of dominance) included: common net-spinning caddisfly (Trichoptera Hydropsychidae), riffle beetle (Coleoptera Elmidae), and non-biting midge (Diptera Chironomidae). The WVSCI was calculated to be 82.3 (Appendix C) and 13 EPT taxa were collected and identified comprising 64% of the community (Table 10). 

Table 9. Macroinvertebrate Taxa Collected and Identified From AaWooded.
	Taxa
	Count

	Oligochaeta
	Oligochaeta
	18

	Bivalvia
	Sphaeriidae
	4

	Bivalvia
	Snails
	1

	Decapoda
	Cambaridae
	6

	Amphipoda
	Gammaridae
	1

	Isopoda
	Asellidae
	1

	Ephemeroptera
	Baetidae
	132

	Ephemeroptera
	Heptageniidae
	20

	Ephemeroptera
	Isonychiidae
	30

	Ephemeroptera
	Leptophlebiidae
	1

	Trichoptera
	Hydropsychidae
	567

	Trichoptera
	Philopotamidae
	17

	Trichoptera
	Polycentropodidae
	2

	Trichoptera
	Hydroptilidae
	3

	Trichoptera
	Glossosomatidae
	1

	Plecoptera
	Chloroperlidae
	8

	Plecoptera
	Capniidae/Leuctridae
	7

	Plecoptera
	Perlidae
	1

	Plecoptera
	Perlodidae
	15

	Odonata
	Gomphidae
	13

	Coleoptera
	Elmidae
	152

	Coleoptera
	Psephenidae
	15

	Coleoptera
	Hydrophilidae
	1

	Megaloptera
	Sialidae
	1

	Hemiptera
	Gerridae
	1

	Diptera
	Chironomidae
	169

	Diptera
	Tipulidae
	18

	Diptera
	Simuliidae
	30

	Diptera
	Empididae
	7

	Diptera
	Ceratopogonidae
	23

	Arachnidae
	Hydracarina
	2

	SUM
	
	1267


	Table 10. AaWooded Macroinvertebrate Indices
	Score

	WV Stream Condition Index
	82.3

	Total Number
	1267

	% Ephemeroptera, Plecoptera, Trichoptera (EPT)
	63.5

	EPT Richness
	13

	% Tolerant
	19.0

	% Ephemeroptera
	14.4

	Modified Hilsenhoff Index
	5.0

	% 2 Dominance
	56.7

	Taxa Richness
	31

	% Chironomidae
	13.3


AaMPBGab (Aarons Creek Behind MPB at Gabion Wall)
[image: image12.jpg]


This sampling reach began at the downstream end of a gabion wall shown in the picture to the right located directly beside a vacant lot next to MPB on Greenbag Road (Figure 3). The reach ended at the Greenbag Road Bridge which crosses over Aarons Creek. The picture on the right was taken at the beginning of the reach looking upstream.  Around the bend, directly ahead, is the Greenbag Road Bridge near MPB. The stream reach was sampled on August 1, 2010 at 1135. The weather was hot and sunny, and there was no rain event within seven days prior to sampling.  The stream was observed at baseflow.  
Physical Habitat - Access to the site was achieved via the lot between MPB and the Greenbag Road Bridge over Aarons Creek.  The reach begins at 39.61221°N and  -79.933455°W.  Landuse within the reach was commercial (river right), and residential / forest (river left). Residential activities/disturbances observed included low residential building, lawn, construction, and bridge impacts (1 out of 4 ratings) and a moderate power line impact (2 out of 4 rating).  Industrial activities/disturbances observed included a low impact due to power lines and bridges/culverts (1 out of 4 rating) and a high impact due to parking lots (3 out of 4 rating).  Further, an extreme impact was observed for rip/rap or bank stabilization (4 out of 4 rating), because of the gabion basket wall present on river right stretching the entire length of the reach. The gabion wall likely has a significant impact on natural stream flow as evident by the presence of scouring banks on the opposite side of the creek.  Further, the vacant lot was comprised of exposed soil and can be extremely muddy after rain events; therefore, this lot may be a significant source of sediment and stormwater pollution.  These disturbance ratings can be seen in Appendix A.
Average wetted width in the reach was measured at 5.65 m and the proportion of riffle, run, and pool throughout the reach was estimated at 40% riffle, 20% run, and 40% pool. At the time of sampling, atmospheric odors were rated 3 out of 4 for asphalt and sewage, sediment odors were normal, sediment oils were absent, the water level was below normal, water odors were normal, there were no surface oils observed, the water was clear, and foam presence was rated 1 out of 4.  Dominant vegetation type within 18 m from the stream edge on river left was deciduous forest with moderate (10-40%) canopy (>5 m high), heavy (40-75%) understory (0.5-5 m high), and heavy (40-75%) ground cover (<0.5 m high).  Overall, river right had very little vegetation due to the commercial development with absent (0%) canopy (>5 m high), sparse (0-10%) understory (0.5-5 m high), and sparse (0-10%) ground cover (<0.5 m high).  The stream surface for the reach was partly shaded (25-50% shaded).

River left had sparse (0-10%) exposed, readily erodible, soil surface while river right had heavy (40-75%) exposed, readily erodible, soil surface.  The extended riparian zone on river right (18-100 m) contained the MPB building and paved parking lot, Greenbag Road, and a bare, vacant lot with very little to no vegetative cover.  Thus, river right was estimated to have little to no buffering capacity.  Further, these developments are a likely source of sediment and stormwater pollution to Aarons Creek. The extended riparian zone (18-100 m) on river left was comprised of forest and a residential development which was under construction at the time of sampling. Construction was occurring uphill roughly 75-100 m from the stream intermixed with forested areas. The forested areas likely provide some buffering capacity; however, the extent of the large construction project and steep topography found on river left likely contribute to allochthonous inputs such as sediment and other potential pollutants carried by stormwater runoff.

Using substrate data collected every 10 m (Appendix B), stream substrate was calculated to be comprised of 5% bedrock, 0% boulder, 23% cobble, 18% coarse gravel, 9% fine gravel, 36% sand, 9% silt and fines, 0% clay, and 0% metal hydroxide. Sediment deposits were observed and composed of moderate (2 out of 4 rating) amounts of silt, sand, and fine gravel.  A substrate particle layer profile was completed mid-stream at the 50 m mark and was found to be composed of:  1) cobble, 2) fine gravel, 3) sand, 4) sand, and 5) sand at a final depth of 12.7 cm. The total habitat score for AaMPBGab was calculated to be 110 which is a sub-optimal rating (Table 11).
	Table 11. WVDEP WAB Habitat Quality Scores for AaMPBGab.
	
	

	Habitat Parameter
	Score
	Condition Category

	Epifaunal Substrate
	10
	Marginal

	Embeddedness
	7
	Marginal

	Velocity/Depth Regime
	13
	Sub-optimal

	Sediment Deposition
	6
	Marginal

	Channel Flow Status
	14
	Sub-optimal

	Channel Alteration
	14
	Sub-optimal

	Frequency of Riffles
	18
	Optimal

	Bank Stability (Left)
	6
	Sub-optimal

	Bank Stability (Right)
	5
	Marginal

	Vegetative Protection (Left)
	7
	Sub-optimal

	Vegetative Protection (Right)
	1
	Poor

	Riparian Undisturbed Vegetative Zone Width (Left)
	8
	Sub-optimal

	Riparian Undistrubed Vegetative Zone Width (Right)
	1
	Poor

	TOTAL SCORE
	110
	Sub-optimal


Benthic Macroinvertebrates - Kick nets on 1.25 m2 yielded 1,006 organisms that were collected and identified at this site representing 22 taxa (Table 12). Dominant families collected (in order of dominance) included: common net-spinning caddisfly (Trichoptera Hydropsychidae), fingernet caddisfly (Trichoptera Philopotamidae), and riffle beetle (Coleoptera Elmidae). The WVSCI was calculated to be 80.1 (Appendix C) and 10 EPT taxa were identified comprising 60% of the community (Table 13).
Table 12. Macroinvertebrate Taxa Collected and Identified from AaMPBGab.
	Taxa
	Count

	Oligochaeta
	Oligochaeta
	14

	Bivalvia
	Sphaeriidae
	1

	Decapoda
	Cambaridae
	7

	Isopoda
	Asellidae
	4

	Ephemeroptera
	Baetidae
	40

	Ephemeroptera
	Heptageniidae
	2

	Ephemeroptera
	Isonychiidae
	5

	Trichoptera
	Hydropsychidae
	355

	Trichoptera
	Philopotamidae
	165

	Trichoptera
	Polycentropodidae
	11

	Plecoptera
	Chloroperlidae
	6

	Plecoptera
	Capniidae/Leuctridae
	5

	Plecoptera
	Perlidae
	9

	Plecoptera
	Perlodidae
	5

	Odonata
	Gomphidae
	7

	Coleoptera
	Elmidae
	163

	Coleoptera
	Psephenidae
	58

	Coleoptera
	Hydrophilidae
	1

	Diptera
	Chironomidae
	122

	Diptera
	Tipulidae
	13

	Diptera
	Simuliidae
	9

	Diptera
	Ceratopogonidae
	4

	SUM
	
	1006


	Table 13. AaMPBGab Macroinvertebrate Indices
	Score

	WV Stream Condition Index
	80.1

	Total Number
	1006

	% Ephemeroptera, Plecoptera, Trichoptera (EPT)
	59.9

	EPT Richness
	10

	% Tolerant
	14.8

	% Ephemeroptera
	4.7

	Modified Hilsenhoff Index
	4.7

	% 2 Dominance
	51.5

	Taxa Richness
	22

	% Chironomidae
	12.1


The following macroinvercoptera Philopotamidae), and riffle bettle (Coleoptera Elmidae).midae), and non-biting midge (Diptera Ch
AaBFarm (Aarons Creek Below Farm)
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This sampling reach begins at the downstream end of a cattle pasture adjacent to Lower Aarons Creek Road off of Greenbag Road (Figure 3). The picture to the right is looking upstream from the cattle fence at the downstream end of the property. The stream reach was sampled on August 2, 2010 at 1300.  The weather was hot and sunny, and there was no significant rain event within the seven days prior to sampling.  The stream was observed at baseflow.

Physical Habitat - Access to the site was achieved via Lower Aarons Creek Road by walking across the pasture. The sampling reach begins at 39.608565°N and -79.931738°W.  Landuse within the reach was predominately agriculture with slight development from nearby roads (Figure 3).  Agricultural activities/disturbances observed included moderate impact due to pastures (2 out of 4 rating) and high impact due to livestock access (3 out of 4 rating).  Industrial activities/disturbances observed included low impact due to power lines (1 out of 4 rating) and moderate impact from a single-lane, asphalt road (2 out of 4 rating) roughly 25-50 m from river right. The reach contained evidence of bank destabilization such as high, barren, undercut, and eroding, banks and point bar development. This is likely due to cattle access throughout the entire reach. These disturbance ratings can be seen in Appendix A.
Average wetted width at the reach was calculated to be 3.33 m and the proportion of riffle, run, and pool throughout the reach was estimated at 65% riffle, 25% run, and 10% pool.  At the time of sampling, atmospheric odors were rated a 3 out of 4 for cow manure, sediment odors were normal, sediment oils were absent, the water level was at a seasonal normal, water odor was normal, there were no surface oils observed, the water was slightly turbid, and foam presence was rated 0.  Dominant vegetation type within 18 m from the stream edge on river left was grass with absent (0%) canopy (>5 m high), sparse (0-10%) understory (0.5-5 m high), and very heavy (>75%) ground cover (<0.5 m high).  The riparian zone on river right contained similar vegetation with absent (0%) canopy (>5 m high), sparse (0-10%) understory (0.5-5 m high), and heavy (40-75%) ground cover (<0.5 m high). The stream surface was fully exposed (0-25% shaded) due to the lack of canopy cover.

The stream banks on river left and right both had moderate (10-40%) exposed, readily erodible, barren surfaces.  The extended riparian zone on river left (18-100 m) was cow pasture composed of only ground cover vegetation.  The buffering capacity for river left was estimated as moderate due to the amount of pervious surface observed; however, cattle access is likely contributing to manure and sediment pollution issues. The extended riparian zone on river left was predominantly livestock pasture adjacent to Lower Aarons Creek Road approximately 50-75 m from the stream edge.  Beyond Lower Aarons Creek Road was a steep graded hill with moderate vegetation and an interstate highway atop.  The highway, steep hill, and Lower Aarons Creek Road may be lightly contributing to stormwater pollution issues.  Further, frequent illegal trash dumps on Lower Aarons Creek Road also contribute to pollution issues in the stretch of Aarons Creek.  Finally, cattle access on river right is likely contributing to manure and sediment pollution issues.  

Using substrate data collected every 10 m (Appendix B), stream substrate make up was calculated to be 0% bedrock, 0% boulder, 18% cobble, 32% coarse gravel, 0% fine gravel, 50% sand, 0% silt and fines, 0% clay, and 0% metal hydroxide.  Sediment deposits were observed and composed of moderate (2 out of 4 rating) amounts of silt and fine gravel, and high (3 out of 4 rating) amounts of sand. A substrate layer profile was conducted in the thalweg at the 100 m mark and was found to be comprised of: 1) cobble, 2) coarse gravel, 3) sand, 4) sand, and then 5) sand again for a total depth of 19 cm. The total habitat score for AaBFarm was found to be 117 which is a sub-optimal rating (Table 14).
	Table 14. WVDEP WAB Habitat Quality Scores for AaBFarm.
	
	

	Habitat Parameter
	Score
	Condition Category

	Epifaunal Substrate
	14
	Sub-optimal

	Embeddedness
	7
	Marginal

	Velocity/Depth Regime
	13
	Sub-optimal

	Sediment Deposition
	11
	Sub-optimal

	Channel Flow Status
	16
	Optimal

	Channel Alteration
	11
	Optimal

	Frequency of Riffles
	19
	Optimal

	Bank Stability (Left)
	2
	Poor

	Bank Stability (Right)
	2
	Poor

	Vegetative Protection (Left)
	4
	Marginal

	Vegetative Protection (Right)
	3
	Marginal

	Riparian Undisturbed Vegetative Zone Width (Left)
	9
	Optimal

	Riparian Undistrubed Vegetative Zone Width (Right)
	6
	Sub-optimal

	TOTAL SCORE
	117
	Sub-optimal


Benthic Macroinvertebrates - Kick nets on 1.25 m² yielded 2,261 organisms that were collected and identified at this site representing 33 taxa (Table 15). Dominant families collected (in order of dominance) included: riffle beetle (Coleoptera Elmidae), common net-spinning caddisfly (Trichoptera Hydropsychidae), and non-biting midge (Diptera Chironomidae). The WVSCI was calculated to be 76.3 (Appendix C) and 12 EPT taxa were identified comprising 38% of the community.
Table 15. Macroinvertebrate Taxa Collected and Identified from AaBFarm.
	Taxa
	Count

	Oligochaeta
	Oligochaeta
	9

	Bivalvia
	Sphaeriidae
	1

	Gastropoda
	Snails
	2

	Decapoda
	Cambaridae
	6

	Isopoda
	Asellidae
	1

	Ephemeroptera
	Baetidae
	170

	Ephemeroptera
	Caenidae
	2

	Ephemeroptera
	Heptageniidae
	9

	Ephemeroptera
	Isonychiidae
	11

	Ephemeroptera
	Leptophlebiidae
	2

	Trichoptera
	Hydropsychidae
	553

	Trichoptera
	Philopotamidae
	54

	Trichoptera
	Polycentropodidae
	5

	Plecoptera
	Chloroperlidae
	28

	Plecoptera
	Capniidae/Leuctridae
	6

	Plecoptera
	Perlidae
	16

	Plecoptera
	Perlodidae
	11

	Odonata
	Gomphidae
	19

	Odonata
	Aeshnidae
	1

	Coleoptera
	Elmidae
	835

	Coleoptera
	Psephenidae
	126

	Coleoptera
	Dytiscidae
	1

	Megaloptera
	Corydalidae
	1

	Hemiptera
	Gerridae
	2

	Hemiptera
	Saldidae
	3

	Hemiptera
	Veliidae
	1

	Diptera
	Chironomidae
	278

	Diptera
	Tipulidae
	42

	Diptera
	Simuliidae
	20

	Diptera
	Empididae
	28

	Diptera
	Ceratopogonidae
	10

	Arachnidae
	Hydracarina
	6

	Collembola
	Isotomidae
	2

	SUM
	
	2261


	Table 16. AaBFarm Macroinvertebrate Indices
	Score

	WV Stream Condition Index
	76.3

	Total Number
	2261

	% Ephemeroptera, Plecoptera, Trichoptera (EPT)
	38.3

	EPT Richness
	12

	% Tolerant
	14.0

	% Ephemeroptera
	8.6

	Modified Hilsenhoff Index
	4.7

	% 2 Dominance
	61.4

	Taxa Richness
	33

	% Chironomidae
	12.3


AaAbFarm (Aarons Creek Above Farm)
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This sampling reach begins at the upstream end of the cow pasture property that contains the AaBFarm sampling site, adjacent to Lower Aarons Creek Road (Figure 3). The picture to the right looks upstream towards the opposite end of the property.  The stream reach was sampled on August 10, 2010 at 1040. The weather that day was warm and partly cloudy, and there was a major rain event within seven days prior to sampling; however, the water was observed at low flow.  
Physical Habitat - Access to the site was achieved via Lower Aarons Creek Road by walking across the cow pasture, upstream from AaBFarm to the tree line on river left. The reach is located at 39.603837°N and -79.933326°W. Landuse within the reach was agriculture and forest (Figure 3). At the time of sampling, agriculture activities/disturbances observed were moderate impacts due to pasture and livestock access on both river right and left (2 out of 4 rating). Cow manure was present at the start of the reach; however, impacts from livestock diminished as we moved upstream.  A moderate residential, single-lane asphalt road (Lower Aarons Creek Road) (2 out of 4 rating) was observed on river right. Suspected upstream nonpoint source pollutants include untreated sewage from potentially failing septic systems. These disturbance ratings can be seen in Appendix A.
Average wetted width at the reach was calculated to be 3.59 m and the proportion of riffle, run, and pool throughout the reach was estimated at 60% riffle, 10% run, and 30% pool. At the time of sampling, atmospheric odors were rated a 2 out of 4 for cow manure, a sediment odor of manure was present, sediment oils were absent, the water level was below the seasonal normal, the water had an odor of manure, there were no surface oils observed, the water was slightly turbid, and foam presence was rated a 0 out of 4. Dominant vegetation type within 18 m from the stream edge on river left was deciduous forest with moderate (10-40%) canopy (>5 m high), heavy (40-75%) understory (0.5-5 m high), and moderate (10-40%) ground cover (<0.5 m high).  The riparian area on river right contained fewer trees but had more ground cover vegetation than river left with absent (0%) canopy (>5 m high), sparse (0-10%) understory (0.5-5 m high), and heavy (40-75%) ground cover (<0.5 m high). The stream surface in this reach was partly exposed (50-75% shaded).

The stream banks on river left had sparse (0-10%) exposed, readily erodible, barren surfaces, while river right banks had moderate (10-40%) exposed, readily erodible, barren surfaces. The extended riparian zone on river left (18-100 m) was mostly grassy pasture with a few intermixed trees. It also contained a residential development just beyond the forested section at the upper end of the reach and roughly 25 m from the stream at the reach’s lower end.  The forested area below the residential development on river left likely acts as beneficial stream buffer. The extended riparian zone on river right (18-100 m) was comprised of a grassy pasture, a small wetland (20 m2), Lower Aarons Creek Road, a steep hillside, and then Insterstate 79.  The pasture likely has little buffering capacity due to its lack of developed vegetation; however, the wetland, approximately 25 m from river right is most likely an excellent buffer for stormwater and sediment pollution from the roads and livestock.  

Using substrate data collected every 10 m (Appendix B), stream substrate was calculated to be comprised of 4.5% bedrock, 0% boulder, 14% cobble, 32% coarse gravel, 9% fine gravel, 36% sand, 4.5% silt and fines, 0% clay, and 0% metal hydroxide.  Sediment deposits were observed and composed of low amounts of silt (1 out of 4 rating), moderate amounts of fine gravel (2 out of 4 rating), and high amounts of sand (3 out of 4 rating).  A substrate layer profile was completed in the thalweg at the 80 meter mark and was found to be comprised of: 1) cobble, 2) coarse gravel, 3) fine gravel, 4) fine gravel, and then 5) fine gravel again for a total depth of 12.7 cm. The total habitat score for AaAbFarm was found to be 120 which is a sub-optimal rating (Table 17).
	Table 17. WVDEP WAB Habitat Quality Scores for AaAbFarm.
	
	

	Habitat Parameter
	Score
	Condition Category

	Epifaunal Substrate
	14
	Sub-optimal

	Embeddedness
	7
	Marginal

	Velocity/Depth Regime
	13
	Sub-optimal

	Sediment Deposition
	5
	Poor

	Channel Flow Status
	8
	Marginal

	Channel Alteration
	13
	Sub-optimal

	Frequency of Riffles
	20
	Optimal

	Bank Stability (Left)
	5
	Marginal

	Bank Stability (Right)
	5
	Marginal

	Vegetative Protection (Left)
	6
	Sub-optimal

	Vegetative Protection (Right)
	7
	Sub-optimal

	Riparian Undisturbed Vegetative Zone Width (Left)
	7
	Sub-optimal

	Riparian Undistrubed Vegetative Zone Width (Right)
	10
	Optimal

	TOTAL SCORE
	120
	Sub-Optimal


Benthic Macroinvertebrates - Kick nets on 1.25 m² yielded 1,420 organisms that were collected and identified at this site representing 31 taxa (Table 18). Dominant families collected (in order of dominance) included: common net spinning caddisfly (Trichoptera Hydropsychidae), non-biting midge (Diptera Chironomidae), and common mayfly (Ephemeroptera Baetidae). The WVSCI was calculated to be 83.6 (Appendix C) and 13 EPT taxa were identified comprising 56% of the community (Table 19).
Table 18. Macroinvertebrate Taxa Collected and Identified from AaAbFarm.
	Taxa
	Count

	Oligochaeta
	Oligochaeta
	7

	Bivalvia
	Sphaeriidae
	1

	Decapoda
	Cambaridae
	14

	Isopoda
	Asellidae
	5

	Ephemeroptera
	Baetidae
	198

	Ephemeroptera
	Caenidae
	3

	Ephemeroptera
	Heptageniidae
	8

	Ephemeroptera
	Ephemerellidae
	2

	Trichoptera
	Hydropsychidae
	427

	Trichoptera
	Philopotamidae
	108

	Trichoptera
	Rhyacophilidae
	6

	Trichoptera
	Polycentropodidae
	4

	Plecoptera
	Chloroperlidae
	16

	Plecoptera
	Capniidae/Leuctridae
	4

	Plecoptera
	Perlidae
	13

	Plecoptera
	Perlodidae
	12

	Plecoptera
	Nemouridae
	1

	Odonata
	Gomphidae
	8

	Odonata
	Aeshnidae
	2

	Coleoptera
	Elmidae
	189

	Coleoptera
	Unknown Beetle
	1

	Coleoptera
	Psephenidae
	30

	Coleoptera
	Hydrophilidae
	1

	Hemiptera
	Veliidae
	12

	Diptera
	Chironomidae
	279

	Diptera
	Tipulidae
	37

	Diptera
	Simuliidae
	11

	Diptera
	Empididae
	1

	Diptera
	Ceratopogonidae
	13

	Arachnidae
	Hydracarina
	1

	Diptera
	Muscidae
	6

	SUM
	 
	1420


	Table 19. AaAbFarm Macroinvertebrate Indices
	Score

	WV Stream Condition Index
	83.6

	Total Number
	1420

	% Ephemeroptera, Plecoptera, Trichoptera (EPT)
	56.5

	EPT Richness
	13

	% Tolerant
	22.3

	% Ephemeroptera
	14.9

	Modified Hilsenhoff Index
	5.0

	% 2 Dominance
	43.4

	Taxa Richness
	30

	% Chironomidae
	19.6
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AaLACR (Aarons Creek at the Intersection of Lower Aarons Creek Rd. and Aarons Creek Rd.)
[image: image16.jpg]


This sampling reach begins approximately 100 m upstream from the Aarons Creek Road Bridge at the intersection of Lower Aarons Creek Road and Aarons Creek Road in Morgantown, WV (Figure 4).  The picture to the right shows the reach from the Aarons Creek Road Bridge looking upstream.  The stream reach was sampled on August 10, 2010 at 1220.  The weather that day was warm and partly cloudy, and there was a major rain event within the seven days prior to sampling; however, the water level was observed at low flow.
Physical Habitat - Access to the site was achieved via the Aarons Creek Road Bridge over Aarons Creek by walking into the rocky ravine upstream.  The reach is located at 39.587319°N and -79.919722°W. Landuse within the reach is residential, abandoned commercial/light industrial, and forest (Figure 4).  At the time of sampling, residential activities/disturbances observed included low impacts due to residential buildings and lawns (1 out of 4 rating), and a moderate impact from the bridge (2 out of 4 rating). Residences were noted in the extended riparian zone on river right only.  Further, Aarons Creek Road was recorded as a moderate impacting single lane, asphalt, residential road (2 out of 4 rating). The only industrial activity/disturbance observed was a moderate impact due to the parking lot (2 out of 4 rating) adjacent to river right.  Stormwater drains were also observed within the reach.  Potential nonpoint source pollution upstream include untreated sewage from failing septic systems and/or straight pipes. These disturbance ratings can be seen in Appendix A.
Average wetted width at the reach was calculated to be 3.03 m and the proportion of riffle, run, and pool throughout the reach was estimated at 70% riffle, 20% run, and 10% pool. At the time of sampling, atmospheric odors were rated 0 out of 4, sediment odors were normal, sediment oils were absent, the water level was below the seasonal normal, water odor was normal, there was a sheen observed on the water surface near the vacant commercial building, the water was clear, and foam presence was rated a 0 out of 4. Dominant vegetation type within 18 m from the stream edge on river left was deciduous forest with heavy (40-75%) canopy (>5 m high), heavy (40-75%) understory (0.5-5 m high), and moderate (10-40%) ground cover (<0.5 m high).  
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The extended riparian area on river right contained fewer trees but had more ground cover vegetation than river left with sparse (0-10%) canopy (>5 m high), sparse (0-10%) understory (0.5-5 m high), and heavy (40-75%) ground cover (<0.5 m high).   The stream surface was fully shaded (75-100% shaded).

Both river left and right stream banks did not have evidence of (0%) of exposed, readily erodible, barren surfaces. The extended riparian zone on river left (18-100 m) contained a forested hillside which extended well beyond the 100 m zone.  Small winding channels were present which may carry rain water during storm events.  This forested area likely provides excellent buffering capacity for this section of Aarons Creek and may also contribute allochthonous inputs such as cobble and boulder sized substrate. The extended riparian zone on river right (18-100 m) included an abandoned auto repair/garage, a small parking lot and abandoned car, a sparse residential neighborhood, Lower Aarons Creek Road, and a steep hillside. The river right extended riparian zone likely has little to moderate buffering capacity due to the impervious surfaces, cut lawns, and lack of larger vegetation. 

Using substrate data collected every 10 m (Appendix B), stream substrate was calculated to be comprised of 9% bedrock, 0% boulder, 32% cobble, 9% coarse gravel, 27% fine gravel, 14% sand, 9% silt and fines, 0% clay, and 0% metal hydroxide. Sediment deposits were observed and composed of low amounts of silt (1 out of 4 rating), moderate amounts of sand (2 out of 4 rating), and high amounts of fine gravel (3 out of 4 rating).  A substrate layer profile was completed in the thalweg at the 50 meter mark and was found to be composed of: 1) cobble, 2) coarse gravel, 3) fine gravel, 4) sand, and then 5) sand again for a total depth of 19.1 centimeters. The total habitat score for AaLACR was found to be 141 which is a sub-optimal rating (Table 20).
	Table 20. WVDEP WAB Habitat Quality Scores for AaLACR.
	
	

	Habitat Parameter
	Score
	Condition Category

	Epifaunal Substrate
	11
	Sub-optimal

	Embeddedness
	13
	Sub-optimal

	Velocity/Depth Regime
	8
	Marginal

	Sediment Deposition
	8
	Marginal

	Channel Flow Status
	13
	Sub-optimal

	Channel Alteration
	17
	Optimal

	Frequency of Riffles
	20
	Optimal

	Bank Stability (Left)
	10
	Optimal

	Bank Stability (Right)
	10
	Optimal

	Vegetative Protection (Left)
	9
	Optimal

	Vegetative Protection (Right)
	6
	Sub-optimal

	Riparian Undisturbed Vegetative Zone Width (Left)
	10
	Optimal

	Riparian Undistrubed Vegetative Zone Width (Right)
	6
	Sub-optimal

	TOTAL SCORE
	141
	Sub-optimal


Benthic Macroinvertebrates - Kick nets on 1.25 m² yielded 595 organisms that were collected and identified at this site representing 23 taxa (Table 21). Dominant families collected (in order of dominance) included: non-biting midge (Diptera Chironomidae), common mayfly (Ephemeroptera Baetidae), and common net-spinning caddisfly (Trichoptera Hydropsychidae). The WVSCI was calculated to be 89.9 (Appendix C) and 14 EPT taxa were identified comprising 59% of the community.

Table 21. Macroinvertebrate Taxa Collected and Identified from AaLACR.
	Taxa
	Count

	Oligochaeta
	Oligochaeta
	5

	Decapoda
	Cambaridae
	2

	Ephemeroptera
	Baetidae
	148

	Ephemeroptera
	Caenidae
	1

	Ephemeroptera
	Heptageniidae
	12

	Ephemeroptera
	Leptophlebiidae
	5

	Trichoptera
	Hydropsychidae
	74

	Trichoptera
	Philopotamidae
	55

	Trichoptera
	Rhyacophilidae
	20

	Trichoptera
	Polycentropodidae
	13

	Trichoptera
	Lepidostomatidae
	1

	Trichoptera
	Glossosomatidae
	2

	Plecoptera
	Chloroperlidae
	1

	Plecoptera
	Capniidae/Leuctridae
	2

	Plecoptera
	Perlidae
	11

	Plecoptera
	Perlodidae
	3

	Coleoptera
	Elmidae
	2

	Diptera
	Chironomidae
	182

	Diptera
	Tipulidae
	14

	Diptera
	Simuliidae
	26

	Diptera
	Empididae
	13

	Diptera
	Ceratopogonidae
	2

	Diptera
	Ephydridae
	1

	SUM
	 
	595


	Table 22. AaLACR Macroinvertebrate Indices
	Score

	WV Stream Condition Index
	89.9

	Total Number
	595

	% Ephemeroptera, Plecoptera, Trichoptera (EPT)
	58.5

	EPT Richness
	14

	% Tolerant
	36.3

	% Ephemeroptera
	27.9

	Modified Hilsenhoff Index
	5.1

	% 2 Dominance
	12.8

	Taxa Richness
	23

	% Chironomidae
	30.6
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RESULTS CONTINUED
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Total habitat scores were found to be sub-optimal at each of the seven sampling locations.  Further, six out of the seven sites had macroinvertebrate communities which indicate good water quality, while one site (AaLARC) supported a community that indicates excellent water quality (Figure 5). 
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In order to analyze the potential impact of water quality on benthic macroinvertebrate communities in Aarons Creek, we looked at the relationships between conductivity, dissolved oxygen, and temperature and WVSCI scores. We found a significant (p ≤ 0.05), negative correlation between conductivity values and WVSCI scores (Figure 6). However, this relationship seems to be driven by one sampling location (AaLACR).  We did not find any correlation between dissolved oxygen and WVSCI scores (R² = 0.05), and results for temperature data can be found later in this section.
In order to determine the potential impact of habitat quality on macroinvertebrate communities, we analyzed relationships between total habitat scores and individual habitat parameters and WVSCI scores. We found a positive correlation, although not statistically significant,  between total habitat scores and WVSCI scores (Figure 7). Total habitat scores are on a scale of 0 – 200.  The value zero represents lowest possible habitat quality while 200 represents maximum possible habitat quality. Further, we found a slight, positive correlation, although not statistically significant, between embeddedness scores and WVSCI scores (Figure 8). The embeddedness scale is 0 – 20 with 20 representing lowest possible embeddedness (good) and zero representing maximum possible embeddedness (bad). 
We found a significant, positive correlation between bank vegetative protection scores and WVSCI scores (Figure 9). As bank vegetative protection scores increased, WVSCI scores increased. The bank vegetative protection scale is 0 – 20 with zero representing lowest vegetative protection along banks and 20 representing maximum vegetative protection along banks. The scores for bank vegetative protection at each site portray the amount of vegetation present on the bank and in the immediate riparian zone.   Similarily, we found a strong, significant correlation between bank stability scores (sum of left and right bank stability scores) and WVSCI scores (Figure 10).  As bank stability improved, WVSCI scores increased. The bank stability score scale is 0 – 20 with zero representing lowest bank stabilty and 20 representing maximum bank stability. 
We also analyzed relationships between substrate composition and WVSCI scores (Figures 11 and 12).  A positive relationship, although not significant, was found between the percentage of substrate as fine gravel and WVSCI scores (Figure 11). As fine gravel percentages increased among sample sites, WVSCI scores also increased.  The percent of substrate as fine gravel scale is 0 – 100% with zero representing a site with no fine gravel and 100 representing a site composed entirely of fine gravel.  Alternatively, we found a negative correlation, although not significant, between the percentage of substrate as sand and WVSCI scores (Figure 12).  As sand percentages increased among sample sites, WVSCI scores decreased.  The percent of substrate as sand scale is 0 – 100% with zero representing a site with no sand and 100 representing a site composed entirely of sand.  All percentages of substrate composition were calculated from data that can be seen in Appendix B.  

We found a significant, negative correlation between water temperature and WVSCI scores (Figure 13). Studies have shown that canopy cover directly influences surface water temperature and this study supports these findings as we also found a significant negative correlation between canopy cover score and temperature (Figure 14). As canopy cover, represented as combined canopy score which is comprised (sum) of field ratings for canopy (>5 m high) and understory (0.5 – 5 m high) for the left and right bank, increased, temperature decreased (Figure 14). Further, we found a slight positive correlation between canopy cover and WVSI scores, although not significant (Figure 15). As canopy cover scores increased, WVSCI scores increased and as canopy cover scores decreased, WVSCI scores decreased.  Canopy cover scores have a range of 0 – 16, with 16 representing maximum canopy cover, and zero representing minimal canopy cover.  WVSCI scores for each of the seven Aarons Creek bioassessment sites can be seen in greater detail in Appendix C.
DISCUSSION
Although visual evidence of sediment issues were observed in the stream bed, along the banks, in the riparian zones, and in the landuse surrounding Aarons Creek, our data do not indicate that Aarons Creek is currently impaired by sediment.  Specifically, we found that water chemistry, WVDEP WAB total habitat scores, and WVSCI scores did not show impairment at any of the seven sampling sites. All water chemistry parameters were found to meet WV state water quality standards.  However, we did find that sites with higher conductivity measurements had lower WVSCI scores, but we observed that this relationship may have been heavily driven by one sampling location (AaLACR). Because Aarons Creek does not receive acid mine drainage discharges, the increases in conductivity throughout this stream may be due to cations and anions from sediment loading.  WVDEP WAB total habitat scores were in the sub-optimal range (110 – 159) for each site and WVSCI scores were in the good range (70.0 – 85.0) for each site with one site, AaLARC, scoring excellent (>85.0).   

Although total habitat scores for each site were found to be in the sub-optimal range, we did find patterns in the scores that reflect sediment issues along the banks, in the riparian zone, and in the landuse that are impacting macroinvertebrate communities.  For example, the lowest total habitat scores were calculated at AaMouth, AaMBGab, and AaBFarm, three areas with previously observed sediment issues, and the highest were found at the two potential reference locations (AaWooded and AaLARC).  As expected, total habitat scores were found to be positively related with WVSCI scores, with reference reaches having the highest WVSCI  scores (AaWooded and AaLACR) and impacted sites having lower WVSCI scores; however, this relationship was not statistically significant and we found stronger correlations when analyzing habitat parameters individually.
Numerous individual parameters comprise total habitat scores and include: epifaunal substrate/ available fish cover, substrate embeddedness, occurrence of velocity/depth regimes, channel alteration, sediment deposition, frequency of riffles, channel flow status, bank stability, bank vegetative protection, and width of undisturbed vegetative zone. While all parameters play an important role in calculating a total habitat score, some parameters may be more strongly linked to sediment issues and therefore have a greater impact on macroinvertebrate communities. Therefore, we further analyzed the WVDEP WAB scoring rubric to examine individual parameters and their potential impact on macroinvertebrate communities. Despite all total habitat scores being sub-optimal, further examination of the scoring rubric showed that not all habitat metrics were in the sub-optimal range and those that may most impact benthic macroinvertebrates were often found in the marginal or poor range at several sites. Therefore, we further analyzed those specific metrics including: embeddedness, bank vegetative protection, and bank stability scores. 
Examining embeddedness is important when looking at potential sediment impairment within a stream.  As fine sediment entering a stream increases, thus filling the spaces between rocks, habitat for macroinvertebrates and fish spawning decreases (EPA, 2010). Indeed, we found that sampling locations that were less embedded had higher WVSCI scores; however, this relationship was not statistically significant or as strong as that seen for total habitat score.  
Streams with better vegetative protection and bank stability scores also had higher WVSCI scores and these relationships were statistically significant and stronger than that for total habitat scores. The significant, negative correlations observed between bank stability and bank vegetative protection and WVSCI scores indicate that these two parameters are having a direct impact on the aquatic communities within Aarons Creek, and therefore should be protected or improved. We also found significant correlations between temperature, canopy cover, and macroinvertebrate communities. We found that as temperature increased, WVSCI scores decreased, and that temperature is closely related with canopy cover; therefore, we found a positive correlation between canopy cover and macroinvertebrates, although this relationship was not statistically significant.  Specifically, those sampling reaches with high amounts of canopy and understory vegetation had lower water temperatures and higher WVSCI scores. It should be noted, however, that observed water temperature differences between sampling locations may have been influenced by varying weather and air temperature as sites were sampled for habitat and water chemistry over a one month time period.  The results found for vegetative protection, bank stability, and canopy cover reinforce the importance of riparian zone quality on water chemistry and aquatic communities. Healthy riparian zones are crucial for benthic macroinvertebrates, providing leaf litter, a main food source for shredder and filter-collector benthic macroinvertebrates, and structures for reproduction. Vegetated riparian zones prevent erosion by strengthening banks through plant-root integration, and acting as a buffer, slowing and permeating incoming runoff.  Without a fully functioning and adequate riparian zone, bank failure, sedimentation, and reduced benthic and fish communities can result (Knight et al. 1984). Therefore, reclaiming and protecting stream banks in Aarons Creek may improve existing conditions and curb future harms. 

As suspected, we found that macroinvertebrate communities are healthier at sites with larger percentages of fine gravel and lower percentages of sand.  As sand becomes more prevalent within a stream, the porous spaces between larger substrate particles fill, and benthic macroinvertebrates lose critical habitat. These aquatic organisms prefer diverse habitat structures which promote reproduction, the growth of organics, provide hiding spaces from predators, and thus sustain a diverse array of benthic macroinvertebrate species.  This gives further evidence that Aarons Creek should continue to be monitored for fine sediment so that it does not become impaired in the future.
Future plans should include continued sampling of benthic macroinvertebrate communities in Aarons Creek and monitoring water and habitat quality in areas of concern. This will help document improvements or continuous degradation within this stream.  Restoration efforts should include bank reclamation by fencing off cattle access points and providing alternative water supplies for cattle, re-grading areas of bank failure, and proper stormwater management at construction sites.  These projects should be sought as the resources become available. Based on data collected through this study, bioassessement sites AaMouth, AaBPipe, AaMPBGab, AaBFarm, and AaAbFarm would benefit the most from such efforts. Specifically, AaAbFarm and AaBFarm are prime locations for bank and riparian zone restoration efforts.  These two sites in Aarons Creek had the largest amounts of exposed, readily erodible banks, the lowest bank vegetative protection and bank stability scores, and lowest WVSCI scores. FODC hopes to work with the land owners and other partners to remediate the riparian zones of these sites in the near future. 
Although Aarons Creek is not currently impaired by sediment, field observations and data gathered through this report indicate that this stream should be closely monitored for future impairment. Further, several locations within this stream should be targeted for future bank and riparian zone restoration efforts. Special thanks to the WVDEP for funding this study and to all of FODC’s hard working volunteers for field and laboratory assistance.
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Appendix A. Stream Reach Activities & Disturbances Scores for All Seven Aarons Creek Sample Sites
	AaMouth
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Residential 
	 
	Recreational
	 
	Agricultural
	 
	Industrial
	 
	Management
	 
	 

	Residences
	0
	Parks/Campground
	0
	Annual Rowcrops
	0
	Industrial Plants
	0
	Liming 
	0
	 

	Lawns
	0
	Parking Lots
	0
	Pasture
	0
	Surface Mines
	0
	Rip/Rap or Bank Stabilization
	0
	 

	Power Lines
	0
	Boat Access/Dock
	0
	Hay Production
	0
	Deep Mine
	0
	Dredging
	0
	 

	Construction
	0
	Swimming
	0
	Orchards
	0
	Coal Prep
	0
	Channelized
	0
	 

	Pipes/Drains
	0
	Fishing
	0
	Poultry
	0
	Quarries
	0
	Fill
	1
	 

	Bridges/Culverts
	0
	Pipes/Drains
	0
	Livestock Access
	0
	Railroad
	0
	Dams/Impounded
	0
	 

	 
	 
	Foot Trails
	0
	Irrigation
	0
	Logging
	0
	
	
	 

	 
	 
	ATV,Horse,Bike Trails
	0
	Pipes/Drains
	0
	Powerlines
	0
	Multipurpose State or County Maintained Roads

	 
	 
	Bridges/Culverts
	0
	Bridges/Culverts
	0
	Woodyards/Sawmills
	0
	A = Single Lane
	
	 

	 
	
	
	
	
	 
	Sanitary Landfill
	0
	B = Double Lane
	
	 

	 
	
	
	
	
	 
	Waste H2O Treatment
	0
	C = Multi-Lane
	
	 

	 
	
	
	
	
	 
	Drinking H2O Treatment
	0
	
	
	 

	 
	
	
	
	
	 
	Pipes/Drains
	1
	Surface Type
	 
	 

	 
	
	
	
	
	 
	Parking Lots
	2
	A = Dirt
	
	 

	 
	
	
	
	
	 
	Bridges/Culverts
	0
	B = Rutted Dirt
	
	 

	Disturbance Intensity
	
	
	
	 
	Gas/Oil Well
	0
	C = Applied Limestone
	
	 

	Low = 1
	
	
	
	
	 
	Gas/Oil Lines
	0
	D = Applied Non-Limestone
	
	 

	Moderate = 2
	
	
	
	
	 
	
	 
	E = Asphalt
	
	 

	High = 3 
	
	
	
	
	
	Road
	 
	F = Concrete
	
	 

	Extreme = 4
	
	
	
	
	
	Width
	B
	
	
	 

	 
	
	
	
	
	
	Surface Type
	E
	
	
	 

	 
	 
	 
	 
	 
	 
	Road Intensity
	3
	 
	 
	 


	AabPipe
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Residential 
	 
	Recreational
	 
	Agricultural
	 
	Industrial
	 
	Management
	 
	 

	Residences
	1
	Parks/Campground
	0
	Annual Rowcrops
	0
	Industrial Plants
	0
	Liming 
	0
	 

	Lawns
	1
	Parking Lots
	0
	Pasture
	0
	Surface Mines
	0
	Rip/Rap or Bank Stabilization
	0
	 

	Power Lines
	1
	Boat Access/Dock
	0
	Hay Production
	0
	Deep Mine
	0
	Dredging
	0
	 

	Construction
	2
	Swimming
	0
	Orchards
	0
	Coal Prep
	0
	Channelized
	0
	 

	Pipes/Drains
	0
	Fishing
	0
	Poultry
	0
	Quarries
	0
	Fill
	2
	 

	Bridges/Culverts
	0
	Pipes/Drains
	0
	Livestock Access
	0
	Railroad
	0
	Dams/Impounded
	0
	 

	 
	 
	Foot Trails
	0
	Irrigation
	0
	Logging
	0
	
	
	 

	 
	 
	ATV,Horse,Bike Trails
	0
	Pipes/Drains
	0
	Powerlines
	0
	Multipurpose State or County Maintained Roads

	 
	 
	Bridges/Culverts
	0
	Bridges/Culverts
	0
	Woodyards/Sawmills
	0
	A = Single Lane
	
	 

	 
	
	
	
	
	 
	Sanitary Landfill
	0
	B = Double Lane
	
	 

	 
	
	
	
	
	 
	Waste H2O Treatment
	0
	C = Multi-Lane
	
	 

	 
	
	
	
	
	 
	Drinking H2O Treatment
	0
	
	
	 

	 
	
	
	
	
	 
	Pipes/Drains
	0
	Surface Type
	 
	 

	 
	
	
	
	
	 
	Parking Lots
	1
	A = Dirt
	
	 

	 
	
	
	
	
	 
	Bridges/Culverts
	0
	B = Rutted Dirt
	
	 

	Disturbance Intensity
	
	
	
	 
	Gas/Oil Well
	0
	C = Applied Limestone
	
	 

	Low = 1
	
	
	
	
	 
	Gas/Oil Lines
	3
	D = Applied Non-Limestone
	
	 

	Moderate = 2
	
	
	
	
	 
	
	 
	E = Asphalt
	
	 

	High = 3 
	
	
	
	Road - Commercial on RL
	Road - Greenbag Road
	 
	F = Concrete
	
	 

	Extreme = 4
	
	
	
	Width
	A
	Width
	B
	
	
	 

	 
	
	
	
	Surface Type
	E
	Surface Type
	E
	
	
	 

	 
	 
	 
	 
	Road Intensity
	1
	Road Intensity
	3
	 
	 
	 


	AaWooded
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Residential 
	 
	Recreational
	 
	Agricultural
	 
	Industrial
	 
	Management
	 
	 

	Residences
	2
	Parks/Campground
	0
	Annual Rowcrops
	0
	Industrial Plants
	0
	Liming 
	0
	 

	Lawns
	2
	Parking Lots
	0
	Pasture
	0
	Surface Mines
	0
	Rip/Rap or Bank Stabilization
	0
	 

	Power Lines
	1
	Boat Access/Dock
	0
	Hay Production
	0
	Deep Mine
	0
	Dredging
	0
	 

	Construction
	0
	Swimming
	0
	Orchards
	0
	Coal Prep
	0
	Channelized
	0
	 

	Pipes/Drains
	0
	Fishing
	0
	Poultry
	0
	Quarries
	0
	Fill
	0
	 

	Bridges/Culverts
	0
	Pipes/Drains
	0
	Livestock Access
	0
	Railroad
	0
	Dams/Impounded
	2
	 

	 
	 
	Foot Trails
	0
	Irrigation
	0
	Logging
	0
	
	
	 

	 
	 
	ATV,Horse,Bike Trails
	0
	Pipes/Drains
	0
	Powerlines
	0
	Multipurpose State or County Maintained Roads

	 
	 
	Bridges/Culverts
	0
	Bridges/Culverts
	0
	Woodyards/Sawmills
	0
	A = Single Lane
	
	 

	 
	
	
	
	
	 
	Sanitary Landfill
	0
	B = Double Lane
	
	 

	 
	
	
	
	
	 
	Waste H2O Treatment
	0
	C = Multi-Lane
	
	 

	 
	
	
	
	
	 
	Drinking H2O Treatment
	0
	
	
	 

	 
	
	
	
	
	 
	Pipes/Drains
	1
	Surface Type
	 
	 

	 
	
	
	
	
	 
	Parking Lots
	3
	A = Dirt
	
	 

	 
	
	
	
	
	 
	Bridges/Culverts
	0
	B = Rutted Dirt
	
	 

	Disturbance Intensity
	
	
	
	 
	Gas/Oil Well
	0
	C = Applied Limestone
	
	 

	Low = 1
	
	
	
	
	 
	Gas/Oil Lines
	0
	D = Applied Non-Limestone
	
	 

	Moderate = 2
	
	
	
	
	 
	
	 
	E = Asphalt
	
	 

	High = 3 
	
	
	
	
	
	Road - Greenbag Road
	 
	F = Concrete
	
	 

	Extreme = 4
	
	
	
	
	
	Width
	B
	
	
	 

	 
	
	
	
	
	
	Surface Type
	E
	
	
	 

	 
	 
	 
	 
	 
	 
	Road Intensity
	3
	 
	 
	 


Appendix A. Continued.

	AaMPBGab
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Residential 
	 
	Recreational
	 
	Agricultural
	 
	Industrial
	 
	Management
	 
	 

	Residences
	1
	Parks/Campground
	0
	Annual Rowcrops
	0
	Industrial Plants
	0
	Liming 
	0
	 

	Lawns
	1
	Parking Lots
	0
	Pasture
	0
	Surface Mines
	0
	Rip/Rap or Bank Stabilization
	4
	 

	Power Lines
	2
	Boat Access/Dock
	0
	Hay Production
	0
	Deep Mine
	0
	Dredging
	0
	 

	Construction
	1
	Swimming
	0
	Orchards
	0
	Coal Prep
	0
	Channelized
	0
	 

	Pipes/Drains
	0
	Fishing
	0
	Poultry
	0
	Quarries
	0
	Fill
	0
	 

	Bridges/Culverts
	1
	Pipes/Drains
	0
	Livestock Access
	0
	Railroad
	0
	Dams/Impounded
	0
	 

	 
	 
	Foot Trails
	0
	Irrigation
	0
	Logging
	0
	
	
	 

	 
	 
	ATV,Horse,Bike Trails
	0
	Pipes/Drains
	0
	Powerlines
	1
	Multipurpose State or County Maintained Roads

	 
	 
	Bridges/Culverts
	0
	Bridges/Culverts
	0
	Woodyards/Sawmills
	0
	A = Single Lane
	
	 

	 
	
	
	
	
	 
	Sanitary Landfill
	0
	B = Double Lane
	
	 

	 
	
	
	
	
	 
	Waste H2O Treatment
	0
	C = Multi-Lane
	
	 

	 
	
	
	
	
	 
	Drinking H2O Treatment
	0
	
	
	 

	 
	
	
	
	
	 
	Pipes/Drains
	0
	Surface Type
	 
	 

	 
	
	
	
	
	 
	Parking Lots
	3
	A = Dirt
	
	 

	 
	
	
	
	
	 
	Bridges/Culverts
	1
	B = Rutted Dirt
	
	 

	Disturbance Intensity
	
	
	
	 
	Gas/Oil Well
	0
	C = Applied Limestone
	
	 

	Low = 1
	
	
	
	
	 
	Gas/Oil Lines
	0
	D = Applied Non-Limestone
	
	 

	Moderate = 2
	
	
	
	
	 
	
	 
	E = Asphalt
	
	 

	High = 3 
	
	
	
	
	
	Road - Greenbag Road
	 
	F = Concrete
	
	 

	Extreme = 4
	
	
	
	
	
	Width
	B
	
	
	 

	 
	
	
	
	
	
	Surface Type
	E
	
	
	 

	 
	 
	 
	 
	 
	 
	Road Intensity
	3
	 
	 
	 


Appendix A. Continued.

	AaBFarm
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Residential 
	 
	Recreational
	 
	Agricultural
	 
	Industrial
	 
	Management
	 
	 

	Residences
	0
	Parks/Campground
	0
	Annual Rowcrops
	0
	Industrial Plants
	0
	Liming 
	0
	 

	Lawns
	0
	Parking Lots
	0
	Pasture
	2
	Surface Mines
	0
	Rip/Rap or Bank Stabilization
	0
	 

	Power Lines
	0
	Boat Access/Dock
	0
	Hay Production
	0
	Deep Mine
	0
	Dredging
	0
	 

	Construction
	0
	Swimming
	0
	Orchards
	0
	Coal Prep
	0
	Channelized
	0
	 

	Pipes/Drains
	0
	Fishing
	0
	Poultry
	0
	Quarries
	0
	Fill
	0
	 

	Bridges/Culverts
	0
	Pipes/Drains
	0
	Livestock Access
	3
	Railroad
	0
	Dams/Impounded
	0
	 

	 
	 
	Foot Trails
	0
	Irrigation
	0
	Logging
	0
	
	
	 

	 
	 
	ATV,Horse,Bike Trails
	0
	Pipes/Drains
	0
	Powerlines
	1
	Multipurpose State or County Maintained Roads

	 
	 
	Bridges/Culverts
	0
	Bridges/Culverts
	0
	Woodyards/Sawmills
	0
	A = Single Lane
	
	 

	 
	
	
	
	
	 
	Sanitary Landfill
	0
	B = Double Lane
	
	 

	 
	
	
	
	
	 
	Waste H2O Treatment
	0
	C = Multi-Lane
	
	 

	 
	
	
	
	
	 
	Drinking H2O Treatment
	0
	
	
	 

	 
	
	
	
	
	 
	Pipes/Drains
	0
	Surface Type
	 
	 

	 
	
	
	
	
	 
	Parking Lots
	0
	A = Dirt
	
	 

	 
	
	
	
	
	 
	Bridges/Culverts
	0
	B = Rutted Dirt
	
	 

	Disturbance Intensity
	
	
	
	 
	Gas/Oil Well
	0
	C = Applied Limestone
	
	 

	Low = 1
	
	
	
	
	 
	Gas/Oil Lines
	0
	D = Applied Non-Limestone
	
	 

	Moderate = 2
	
	
	
	
	 
	
	 
	E = Asphalt
	
	 

	High = 3 
	
	
	
	
	
	Road - Lower Aarons Creek Road
	F = Concrete
	
	 

	Extreme = 4
	
	
	
	
	
	Width
	A
	
	
	 

	 
	
	
	
	
	
	Surface Type
	E
	
	
	 

	 
	 
	 
	 
	 
	 
	Road Intensity
	2
	 
	 
	 


	AaAbFarm
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Residential 
	 
	Recreational
	 
	Agricultural
	 
	Industrial
	 
	Management
	 
	 

	Residences
	0
	Parks/Campground
	0
	Annual Rowcrops
	0
	Industrial Plants
	0
	Liming 
	0
	 

	Lawns
	0
	Parking Lots
	0
	Pasture
	2
	Surface Mines
	0
	Rip/Rap or Bank Stabilization
	0
	 

	Power Lines
	0
	Boat Access/Dock
	0
	Hay Production
	0
	Deep Mine
	0
	Dredging
	0
	 

	Construction
	0
	Swimming
	0
	Orchards
	0
	Coal Prep
	0
	Channelized
	0
	 

	Pipes/Drains
	0
	Fishing
	0
	Poultry
	0
	Quarries
	0
	Fill
	0
	 

	Bridges/Culverts
	0
	Pipes/Drains
	0
	Livestock Access
	2
	Railroad
	0
	Dams/Impounded
	0
	 

	 
	 
	Foot Trails
	0
	Irrigation
	0
	Logging
	0
	
	
	 

	 
	 
	ATV,Horse,Bike Trails
	0
	Pipes/Drains
	0
	Powerlines
	0
	Multipurpose State or County Maintained Roads

	 
	 
	Bridges/Culverts
	0
	Bridges/Culverts
	0
	Woodyards/Sawmills
	0
	A = Single Lane
	
	 

	 
	
	
	
	
	 
	Sanitary Landfill
	0
	B = Double Lane
	
	 

	 
	
	
	
	
	 
	Waste H2O Treatment
	0
	C = Multi-Lane
	
	 

	 
	
	
	
	
	 
	Drinking H2O Treatment
	0
	
	
	 

	 
	
	
	
	
	 
	Pipes/Drains
	0
	Surface Type
	 
	 

	 
	
	
	
	
	 
	Parking Lots
	0
	A = Dirt
	
	 

	 
	
	
	
	
	 
	Bridges/Culverts
	0
	B = Rutted Dirt
	
	 

	Disturbance Intensity
	
	
	
	 
	Gas/Oil Well
	0
	C = Applied Limestone
	
	 

	Low = 1
	
	
	
	
	 
	Gas/Oil Lines
	0
	D = Applied Non-Limestone
	
	 

	Moderate = 2
	
	
	
	
	 
	
	 
	E = Asphalt
	
	 

	High = 3 
	
	
	
	
	
	Road - Lower Aarons Creek Road
	F = Concrete
	
	 

	Extreme = 4
	
	
	
	
	
	Width
	A
	
	
	 

	 
	
	
	
	
	
	Surface Type
	E
	
	
	 

	 
	 
	 
	 
	 
	 
	Road Intensity
	2
	 
	 
	 


Appendix A. Continued.
	AaLACR
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Residential 
	 
	Recreational
	 
	Agricultural
	 
	Industrial
	 
	Management
	 
	 

	Residences
	1
	Parks/Campground
	0
	Annual Rowcrops
	0
	Industrial Plants
	0
	Liming 
	0
	 

	Lawns
	1
	Parking Lots
	0
	Pasture
	0
	Surface Mines
	0
	Rip/Rap or Bank Stabilization
	0
	 

	Power Lines
	0
	Boat Access/Dock
	0
	Hay Production
	0
	Deep Mine
	0
	Dredging
	0
	 

	Construction
	0
	Swimming
	0
	Orchards
	0
	Coal Prep
	0
	Channelized
	0
	 

	Pipes/Drains
	0
	Fishing
	0
	Poultry
	0
	Quarries
	0
	Fill
	0
	 

	Bridges/Culverts
	2
	Pipes/Drains
	0
	Livestock Access
	0
	Railroad
	0
	Dams/Impounded
	0
	 

	 
	 
	Foot Trails
	0
	Irrigation
	0
	Logging
	0
	
	
	 

	 
	 
	ATV,Horse,Bike Trails
	0
	Pipes/Drains
	0
	Powerlines
	0
	Multipurpose State or County Maintained Roads

	 
	 
	Bridges/Culverts
	0
	Bridges/Culverts
	0
	Woodyards/Sawmills
	0
	A = Single Lane
	
	 

	 
	
	
	
	
	 
	Sanitary Landfill
	0
	B = Double Lane
	
	 

	 
	
	
	
	
	 
	Waste H2O Treatment
	0
	C = Multi-Lane
	
	 

	 
	
	
	
	
	 
	Drinking H2O Treatment
	0
	
	
	 

	 
	
	
	
	
	 
	Pipes/Drains
	0
	Surface Type
	 
	 

	 
	
	
	
	
	 
	Parking Lots
	2
	A = Dirt
	
	 

	 
	
	
	
	
	 
	Bridges/Culverts
	0
	B = Rutted Dirt
	
	 

	Disturbance Intensity
	
	
	
	 
	Gas/Oil Well
	0
	C = Applied Limestone
	
	 

	Low = 1
	
	
	
	
	 
	Gas/Oil Lines
	0
	D = Applied Non-Limestone
	
	 

	Moderate = 2
	
	
	
	
	 
	
	 
	E = Asphalt
	
	 

	High = 3 
	
	
	
	
	
	Road - Lower Aarons Creek Road
	F = Concrete
	
	 

	Extreme = 4
	
	
	
	
	
	Width
	A
	
	
	 

	 
	
	
	
	
	
	Surface Type
	E
	
	
	 

	 
	 
	 
	 
	 
	 
	Road Intensity
	2
	 
	 
	 


Appendix B. Dominant Substrate Type – Reach Characterization for All Seven Sample Sites.

Substrate Particle Key
	Substrate Particles
	Particle Codes
	Size Class

	Bedrock
	BR
	Smooth surface rock/hardpan     (>4000 mm - bigger than a car)

	Boulder
	BL
	Basketball to car (>250-4000 mm)

	Cobble
	CB
	Tennisball to basketball (>64-250 mm)

	Coarse Gravel
	CG
	Marble to tennisball (>16-64 mm)

	Fine Gravel
	FG
	Ladybug to marble (>2-16 mm)

	Sand
	SA
	Gritty - up to ladybug (0.06-2 mm)

	Silt & Fines
	ST
	Fine - not gritty (<0.06 mm)

	Clay
	CL
	Slick/ hard clay or hard-pan clay

	Metal Hydroxide
	MH
	Any Metal Hydroxide Deposists



AaMouth

	Reach Location (m)
	Habitat Type
	Depth (in)
	Depth (m)
	Dom Sub 1
	% age 1
	Dom Sub 2
	% age 2

	0
	riffle
	4
	0.1016
	CG
	45
	SA
	45

	10
	pool
	8.4
	0.2133
	SA
	60
	CG
	30

	20
	run
	6
	0.1524
	CG
	60
	CB
	30

	30
	riffle
	4
	0.1016
	FG
	50
	SA
	40

	40
	run
	7.2
	0.1828
	SA
	65
	CG
	20

	50
	run
	7.2
	0.1828
	CG
	40
	CB
	30

	60
	pool
	12
	0.3048
	SA
	70
	CG
	15

	70
	riffle
	3
	0.0762
	FG
	35
	CG
	30

	80
	riffle
	6
	0.1524
	CB
	40
	SA
	40

	90
	pool
	37.2
	0.9488
	SA
	60
	BL
	20

	100
	run
	10
	0.254
	FG
	60
	BL
	25


AabPipe

	Reach Location (m)
	Habitat Type
	Depth (in)
	Depth (m)
	Dom Sub 1
	% age 1
	Dom Sub 2
	% age 2

	0
	riffle
	5
	0.127
	BR
	70
	FG
	15

	10
	riffle
	5.5
	0.1397
	BR
	60
	CG
	25

	20
	riffle
	4.5
	0.1143
	CB
	40
	CG
	30

	30
	run
	7
	0.1778
	BR
	60
	FG
	20

	40
	pool
	16.8
	0.4267
	FG
	70
	CL
	30

	50
	riffle
	4
	0.1016
	CG
	60
	CB
	25

	60
	pool
	21.6
	0.5486
	CB
	50
	SA
	40

	70
	run
	11
	0.2794
	SA
	50
	CG
	45

	80
	riffle
	4.5
	0.1143
	CB
	50
	CG
	30

	90
	pool
	6
	0.1524
	CG
	50
	FG
	30

	100
	pool
	10.5
	0.2667
	FG
	40
	CG
	30


Appendix B. Continued.

AaWooded

	Reach Location (m)
	Habitat Type
	Depth (in)
	Depth (m)
	Dom Sub 1
	% age 1
	Dom Sub 2
	% age 2

	0
	riffle
	3
	0.762
	CG
	40
	SA
	40

	10
	riffle
	2.5
	0.0635
	CG
	50
	FG
	30

	20
	riffle
	5.5
	0.1397
	CG
	50
	ST
	20

	30
	pool
	12
	0.3048
	CG
	40
	SA
	30

	40
	riffle
	6
	0.1524
	CB
	60
	FG
	15

	50
	pool
	44
	1.1176
	SA
	70
	FG
	15

	60
	run
	9.5
	0.2413
	SA
	40
	CG
	30

	70
	riffle
	3
	0.0762
	FG
	50
	CG
	30

	80
	riffle
	2.5
	0.0635
	CG
	60
	FG
	25

	90
	pool
	7
	0.1778
	SA
	50
	CG
	40

	100
	pool
	7
	0.1778
	SA
	50
	CG
	40


AaMPBGab

	Reach Location (m)
	Habitat Type
	Depth (in)
	Depth (m)
	Dom Sub 1
	% age 1
	Dom Sub 2
	% age 2

	0
	riffle
	2
	0.0508
	CG
	45
	ST
	40

	10
	riffle
	3.5
	0.0889
	SA
	55
	CB
	30

	20
	riffle
	3.5
	0.0889
	SA
	65
	CB
	20

	30
	pool
	11
	0.2794
	SA
	80
	CB
	10

	40
	pool
	17
	0.4318
	SA
	90
	CB
	5

	50
	run
	4
	0.1016
	SA
	40
	FG
	30

	60
	riffle
	5
	0.127
	CG
	40
	SA
	40

	70
	riffle
	4.5
	0.1143
	ST
	35
	CG
	30

	80
	pool
	8.5
	0.2159
	SA
	70
	CG
	10

	90
	pool
	25
	0.635
	SA
	80
	CB
	5

	100
	run
	2
	0.0508
	FG
	60
	BR
	35


Appendix B. Continued.

AaBFarm

	Reach Location (m)
	Habitat Type
	Depth (in)
	Depth (m)
	Dom Sub 1
	% age 1
	Dom Sub 2
	% age 2

	0
	riffle
	3.25
	0.0825
	CB
	50
	SA
	30

	10
	riffle
	6
	0.1524
	SA
	60
	CB
	20

	20
	riffle
	3
	0.0762
	SA
	50
	CG
	30

	30
	riffle
	4
	0.1016
	SA
	55
	CG
	25

	40
	pool
	10.5
	0.2667
	CB
	50
	SA
	30

	50
	pool
	6
	0.1524
	SA
	45
	CB
	30

	60
	riffle
	6
	0.1524
	SA
	50
	CG
	30

	70
	run
	5.5
	0.1397
	SA
	70
	CG
	20

	80
	riffle
	5
	0.127
	SA
	60
	CG
	25

	90
	pool
	10
	0.254
	SA
	70
	CG
	15

	100
	pool
	19
	0.4826
	SA
	60
	CG
	30


AaAbFarm

	Reach Location (m)
	Habitat Type
	Depth (in)
	Depth (m)
	Dom Sub 1
	% age 1
	Dom Sub 2
	% age 2

	0
	pool
	5.5
	0.1397
	SA
	60
	CB
	30

	10
	pool
	6
	0.1524
	SA
	70
	CG
	10

	20
	run
	7
	0.1778
	SA
	50
	CG
	20

	30
	riffle
	3
	0.0762
	FG
	45
	CB
	25

	40
	run
	8
	0.2032
	SA
	50
	CG
	20

	50
	pool
	5
	0.127
	SA
	55
	CG
	30

	60
	pool
	33
	0.8382
	SA
	95
	CB
	5

	70
	run
	6
	0.1524
	BR
	90
	ST
	5

	80
	riffle
	3
	0.0762
	FG
	50
	CG
	20

	90
	riffle
	4
	0.1016
	SA
	50
	CG
	30

	100
	run
	8
	0.2032
	SA
	80
	CG
	10


Appendix B. Continued.

AaLACR

	Reach Location (m)
	Habitat Type
	Depth (in)
	Depth (m)
	Dom Sub 1
	% age 1
	Dom Sub 2
	% age 2

	0
	riffle
	10.5
	0.2667
	FG
	50
	CB
	25

	10
	riffle
	3
	0.0762
	FG
	55
	CG
	20

	20
	riffle
	4.5
	0.1143
	SA
	55
	CB
	25

	30
	riffle
	6
	0.1524
	SA
	60
	CB
	20

	40
	run
	1.5
	0.0381
	BR
	95
	ST
	5

	50
	riffle
	1.5
	0.0381
	CG
	40
	FG
	20

	60
	pool
	6.5
	0.1651
	BR
	70
	ST
	20

	70
	riffle
	3
	0.0762
	CB
	50
	SA
	40

	80
	riffle
	5
	0.127
	FG
	60
	CB
	20

	90
	riffle
	2.5
	0.0635
	CB
	65
	FG
	15

	100
	riffle
	2.5
	0.0635
	CB
	40
	FG
	15


Appendix C. WV Stream Condition Index Scores for All Seven Aarons Creek Bioassessment Sites.
	Biotic Index Calculation Spreadsheet for AaMouth

	 
	Total count for all samples
	Tolerance
	MHI Score

	Macroinvertebrate Groups
	Total #
	P/A
	
	

	Stonefly
	1
	1
	2.0
	2

	Mayfly
	83
	1
	3.0
	249

	Most Caddisflies
	2
	1
	3.0
	6

	Water Penny
	10
	1
	4.0
	40

	Fishflies and Hellgrammites
	0
	0
	4.0
	0

	Riffle Beetle
	39
	1
	4.0
	156

	Common Netspinner
	98
	1
	5.0
	490

	Alderfly
	3
	1
	6.0
	18

	Watersnipe
	1
	1
	4.0
	4

	Cranefly
	14
	1
	5.0
	70

	Other Beetle Larva
	0
	0
	6.0
	0

	Damselfly
	0
	0
	7.0
	0

	Dragonfly
	1
	1
	5.0
	5

	Clams and Mussels
	1
	1
	5.0
	5

	Crayfish
	2
	1
	6.0
	12

	Scud
	0
	0
	6.0
	0

	Sowbug
	0
	0
	7.0
	0

	Snails
	0
	0
	5.0
	0

	Blackfly Larva
	3
	1
	7.0
	21

	Midge Larva
	52
	1
	8.0
	416

	Other Fly Larva
	3
	1
	8.0
	24

	Flatworms
	0
	0
	8.0
	0

	Leeches
	0
	0
	10.0
	0

	Aquatic Worms
	10
	1
	10.0
	100

	Water Bugs
	0
	0
	8.0
	0

	Total # of macroinvertebrates 
	323
	 
	 
	1618

	 
	Total # of Kinds
	16
	SOS Index
	33

	Indices
	Score
	% Correlation
	 

	% EPT Abundance
	57.0
	62.0
	 

	EPT Richness
	8
	61.5
	 

	% Generally Tolerant
	21.1
	47.4
	 

	% Ephemeroptera
	25.7
	51.4
	 

	Modified Hilsenhoff Index
	5.0
	70.3
	 

	% Dominance 
	30.3
	65.9
	 

	Taxa Richness
	20
	95.2
	 

	%Acid Tolerant
	0.0
	#DIV/0!
	 

	%Aluminum Floc Tolerant
	30.3
	82.4
	 

	% Chironomidae
	16.10
	84.7
	 

	% 2 Dominant
	42.41
	90.0
	 

	 
	WVSCI
	77.3
	 

	 
	Acid SCI
	64.3
	 

	Site Name
	Stream Rating Scale - SCI
	 
	 

	 
	Excellent
	Good
	Marginal
	Poor

	0
	> 85.0
	85.0 - 70.0 
	69.9 - 55.0 
	< 55.0

	Site Code
	Stream Rating Scale - S0S
	 
	 

	 
	Excellent
	Good
	Marginal
	Poor

	AaMouth
	> 22.0
	17.0-22.0
	11.0-16.0
	< 11.0


Appendix C. Continued.
	Biotic Index Calculation Spreadsheet for AaBPipe

	 
	Total count for all samples
	Tolerance
	MHI Score

	Macroinvertebrate Groups
	Total #
	P/A
	
	

	Stonefly
	10
	1
	2.0
	20

	Mayfly
	150
	1
	3.0
	450

	Most Caddisflies
	4
	1
	3.0
	12

	Water Penny
	20
	1
	4.0
	80

	Fishflies and Hellgrammites
	0
	0
	4.0
	0

	Riffle Beetle
	76
	1
	4.0
	304

	Common Netspinner
	446
	1
	5.0
	2230

	Alderfly
	0
	0
	6.0
	0

	Watersnipe
	1
	1
	4.0
	4

	Cranefly
	53
	1
	5.0
	265

	Other Beetle Larva
	0
	0
	6.0
	0

	Damselfly
	0
	0
	7.0
	0

	Dragonfly
	1
	1
	5.0
	5

	Clams and Mussels
	1
	1
	5.0
	5

	Crayfish
	5
	1
	6.0
	30

	Scud
	1
	1
	6.0
	6

	Sowbug
	4
	1
	7.0
	28

	Snails
	0
	0
	5.0
	0

	Blackfly Larva
	22
	1
	7.0
	154

	Midge Larva
	107
	1
	8.0
	856

	Other Fly Larva
	3
	1
	8.0
	24

	Flatworms
	0
	0
	8.0
	0

	Leeches
	0
	0
	10.0
	0

	Aquatic Worms
	19
	1
	10.0
	190

	Water Bugs
	0
	0
	8.0
	0

	Total # of macroinvertebrates 
	924
	 
	 
	4663

	 
	Total # of Kinds
	17
	SOS Index
	35

	Indices
	Score
	% Correlation
	 

	% EPT Abundance
	66.0
	71.8
	 

	EPT Richness
	11
	84.6
	 

	% Generally Tolerant
	16.4
	61.2
	 

	% Ephemeroptera
	16.2
	32.5
	 

	Modified Hilsenhoff Index
	5.0
	69.8
	 

	% Dominance 
	48.3
	41.4
	 

	Taxa Richness
	25
	100.0
	 

	%Acid Tolerant
	0.4
	100.0
	 

	%Aluminum Floc Tolerant
	48.3
	51.8
	 

	% Chironomidae
	11.58
	89.3
	 

	% 2 Dominant
	56.49
	68.0
	 

	 
	WVSCI
	80.6
	 

	 
	Acid SCI
	63.9
	 

	Site Name
	Stream Rating Scale - SCI
	 
	 

	 
	Excellent
	Good
	Marginal
	Poor

	0
	> 85.0
	85.0 - 70.0 
	69.9 - 55.0 
	< 55.0

	Site Code
	Stream Rating Scale - S0S
	 
	 

	 
	Excellent
	Good
	Marginal
	Poor

	AaBPipe
	> 22.0
	17.0-22.0
	11.0-16.0
	< 11.0


Appendix C. Continued.
	Biotic Index Calculation Spreadsheet for AaWooded

	 
	Total count for all samples
	Tolerance
	MHI Score

	Macroinvertebrate Groups
	Total #
	P/A
	
	

	Stonefly
	31
	1
	2.0
	62

	Mayfly
	183
	1
	3.0
	549

	Most Caddisflies
	23
	1
	3.0
	69

	Water Penny
	15
	1
	4.0
	60

	Fishflies and Hellgrammites
	0
	0
	4.0
	0

	Riffle Beetle
	152
	1
	4.0
	608

	Common Netspinner
	567
	1
	5.0
	2835

	Alderfly
	1
	1
	6.0
	6

	Watersnipe
	7
	1
	4.0
	28

	Cranefly
	18
	1
	5.0
	90

	Other Beetle Larva
	1
	1
	6.0
	6

	Damselfly
	0
	0
	7.0
	0

	Dragonfly
	13
	1
	5.0
	65

	Clams and Mussels
	4
	1
	5.0
	20

	Crayfish
	6
	1
	6.0
	36

	Scud
	1
	1
	6.0
	6

	Sowbug
	1
	1
	7.0
	7

	Snails
	1
	1
	5.0
	5

	Blackfly Larva
	30
	1
	7.0
	210

	Midge Larva
	169
	1
	8.0
	1352

	Other Fly Larva
	23
	1
	8.0
	184

	Flatworms
	0
	0
	8.0
	0

	Leeches
	0
	0
	10.0
	0

	Aquatic Worms
	18
	1
	10.0
	180

	Water Bugs
	1
	1
	8.0
	8

	Total # of macroinvertebrates 
	1267
	 
	 
	6386

	 
	Total # of Kinds
	21
	SOS Index
	41

	Indices
	Score
	% Correlation
	 

	% EPT Abundance
	63.5
	69.1
	 

	EPT Richness
	13
	100.0
	 

	% Generally Tolerant
	19.0
	52.8
	 

	% Ephemeroptera
	14.4
	28.9
	 

	Modified Hilsenhoff Index
	5.0
	69.9
	 

	% Dominance 
	44.8
	44.7
	 

	Taxa Richness
	31
	100.0
	 

	%Acid Tolerant
	0.6
	100.0
	 

	%Aluminum Floc Tolerant
	44.8
	55.9
	 

	% Chironomidae
	13.34
	87.5
	 

	% 2 Dominant
	56.75
	67.6
	 

	 
	WVSCI
	82.3
	 

	 
	Acid SCI
	65.3
	 

	Site Name
	Stream Rating Scale - SCI
	 
	 

	 
	Excellent
	Good
	Marginal
	Poor

	0
	> 85.0
	85.0 - 70.0 
	69.9 - 55.0 
	< 55.0

	Site Code
	Stream Rating Scale - S0S
	 
	 

	 
	Excellent
	Good
	Marginal
	Poor

	AaWooded
	> 22.0
	17.0-22.0
	11.0-16.0
	< 11.0


Appendix C. Continued.
	Biotic Index Calculation Spreadsheet for AaMPBGab

	 
	Total count for all samples
	Tolerance
	MHI Score

	Macroinvertebrate Groups
	Total #
	P/A
	
	

	Stonefly
	25
	1
	2.0
	50

	Mayfly
	47
	1
	3.0
	141

	Most Caddisflies
	176
	1
	3.0
	528

	Water Penny
	58
	1
	4.0
	232

	Fishflies and Hellgrammites
	0
	0
	4.0
	0

	Riffle Beetle
	163
	1
	4.0
	652

	Common Netspinner
	355
	1
	5.0
	1775

	Alderfly
	0
	0
	6.0
	0

	Watersnipe
	0
	0
	4.0
	0

	Cranefly
	13
	1
	5.0
	65

	Other Beetle Larva
	1
	1
	6.0
	6

	Damselfly
	0
	0
	7.0
	0

	Dragonfly
	7
	1
	5.0
	35

	Clams and Mussels
	1
	1
	5.0
	5

	Crayfish
	7
	1
	6.0
	42

	Scud
	0
	0
	6.0
	0

	Sowbug
	4
	1
	7.0
	28

	Snails
	0
	0
	5.0
	0

	Blackfly Larva
	9
	1
	7.0
	63

	Midge Larva
	122
	1
	8.0
	976

	Other Fly Larva
	4
	1
	8.0
	32

	Flatworms
	0
	0
	8.0
	0

	Leeches
	0
	0
	10.0
	0

	Aquatic Worms
	14
	1
	10.0
	140

	Water Bugs
	0
	0
	8.0
	0

	Total # of macroinvertebrates 
	1006
	 
	 
	4770

	 
	Total # of Kinds
	16
	SOS Index
	33

	Indices
	Score
	% Correlation
	 

	% EPT Abundance
	59.9
	65.2
	 

	EPT Richness
	10
	76.9
	 

	% Generally Tolerant
	14.8
	67.5
	 

	% Ephemeroptera
	4.7
	10.0
	 

	Modified Hilsenhoff Index
	4.7
	74.1
	 

	% Dominance 
	35.3
	56.7
	 

	Taxa Richness
	22
	100.0
	 

	%Acid Tolerant
	0.5
	100.0
	 

	%Aluminum Floc Tolerant
	35.3
	70.8
	 

	% Chironomidae
	12.13
	88.7
	 

	% 2 Dominant
	51.49
	75.8
	 

	 
	WVSCI
	80.1
	 

	 
	Acid SCI
	62.2
	 

	Site Name
	Stream Rating Scale - SCI
	 
	 

	 
	Excellent
	Good
	Marginal
	Poor

	0
	> 85.0
	85.0 - 70.0 
	69.9 - 55.0 
	< 55.0

	Site Code
	Stream Rating Scale - S0S
	 
	 

	 
	Excellent
	Good
	Marginal
	Poor

	AaMPBGab
	> 22.0
	17.0-22.0
	11.0-16.0
	< 11.0


Appendix C. Continued.
	Biotic Index Calculation Spreadsheet for AaBFarm

	 
	Total count for all samples
	Tolerance
	MHI Score

	Macroinvertebrate Groups
	Total #
	P/A
	
	

	Stonefly
	61
	1
	2.0
	122

	Mayfly
	194
	1
	3.0
	582

	Most Caddisflies
	59
	1
	3.0
	177

	Water Penny
	126
	1
	4.0
	504

	Fishflies and Hellgrammites
	0
	0
	4.0
	0

	Riffle Beetle
	835
	1
	4.0
	3340

	Common Netspinner
	553
	1
	5.0
	2765

	Alderfly
	0
	0
	6.0
	0

	Watersnipe
	28
	1
	4.0
	112

	Cranefly
	42
	1
	5.0
	210

	Other Beetle Larva
	1
	1
	6.0
	6

	Damselfly
	0
	0
	7.0
	0

	Dragonfly
	20
	1
	5.0
	100

	Clams and Mussels
	1
	1
	5.0
	5

	Crayfish
	6
	1
	6.0
	36

	Scud
	0
	0
	6.0
	0

	Sowbug
	1
	1
	7.0
	7

	Snails
	2
	1
	5.0
	10

	Blackfly Larva
	20
	1
	7.0
	140

	Midge Larva
	278
	1
	8.0
	2224

	Other Fly Larva
	10
	1
	8.0
	80

	Flatworms
	0
	0
	8.0
	0

	Leeches
	0
	0
	10.0
	0

	Aquatic Worms
	9
	1
	10.0
	90

	Water Bugs
	6
	1
	8.0
	48

	Total # of macroinvertebrates 
	2261
	 
	 
	10558

	 
	Total # of Kinds
	19
	SOS Index
	37

	Indices
	Score
	% Correlation
	 

	% EPT Abundance
	38.3
	41.7
	 

	EPT Richness
	12
	92.3
	 

	% Generally Tolerant
	14.0
	71.3
	 

	% Ephemeroptera
	8.6
	10.0
	 

	Modified Hilsenhoff Index
	4.7
	75.1
	 

	% Dominance 
	36.9
	54.2
	 

	Taxa Richness
	33
	100.0
	 

	%Acid Tolerant
	0.3
	100.0
	 

	%Aluminum Floc Tolerant
	24.5
	100.0
	 

	% Chironomidae
	12.30
	88.6
	 

	% 2 Dominant
	61.39
	60.3
	 

	 
	WVSCI
	76.3
	 

	 
	Acid SCI
	65.6
	 

	Site Name
	Stream Rating Scale - SCI
	 
	 

	 
	Excellent
	Good
	Marginal
	Poor

	0
	> 85.0
	85.0 - 70.0 
	69.9 - 55.0 
	< 55.0

	Site Code
	Stream Rating Scale - S0S
	 
	 

	 
	Excellent
	Good
	Marginal
	Poor

	AaBFarm
	> 22.0
	17.0-22.0
	11.0-16.0
	< 11.0


Appendix C. Continued.
	Biotic Index Calculation Spreadsheet - AaAbFarm

	 
	Total count for all samples
	Tolerance
	MHI Score

	Macroinvertebrate Groups
	Total #
	P/A
	
	

	Stonefly
	46
	1
	2.0
	92

	Mayfly
	211
	1
	3.0
	633

	Most Caddisflies
	118
	1
	3.0
	354

	Water Penny
	30
	1
	4.0
	120

	Fishflies and Hellgrammites
	0
	0
	4.0
	0

	Riffle Beetle
	189
	1
	4.0
	756

	Common Netspinner
	427
	1
	5.0
	2135

	Alderfly
	0
	0
	6.0
	0

	Watersnipe
	1
	1
	4.0
	4

	Cranefly
	37
	1
	5.0
	185

	Other Beetle Larva
	2
	1
	6.0
	12

	Damselfly
	0
	0
	7.0
	0

	Dragonfly
	10
	1
	5.0
	50

	Clams and Mussels
	1
	1
	5.0
	5

	Crayfish
	14
	1
	6.0
	84

	Scud
	0
	0
	6.0
	0

	Sowbug
	5
	1
	7.0
	35

	Snails
	0
	0
	5.0
	0

	Blackfly Larva
	11
	1
	7.0
	77

	Midge Larva
	279
	1
	8.0
	2232

	Other Fly Larva
	19
	1
	8.0
	152

	Flatworms
	0
	0
	8.0
	0

	Leeches
	0
	0
	10.0
	0

	Aquatic Worms
	7
	1
	10.0
	70

	Water Bugs
	12
	1
	8.0
	96

	Total # of macroinvertebrates 
	1420
	 
	 
	7092

	 
	Total # of Kinds
	18
	SOS Index
	36

	Indices
	Score
	% Correlation
	 

	% EPT Abundance
	56.5
	61.5
	 

	EPT Richness
	13
	100.0
	 

	% Generally Tolerant
	22.3
	44.9
	 

	% Ephemeroptera
	14.9
	29.7
	 

	Modified Hilsenhoff Index
	5.0
	70.5
	 

	% Dominance 
	30.1
	66.5
	 

	Taxa Richness
	30
	100.0
	 

	%Acid Tolerant
	0.4
	100.0
	 

	%Aluminum Floc Tolerant
	30.1
	83.1
	 

	% Chironomidae
	19.65
	81.1
	 

	% 2 Dominant
	43.38
	88.5
	 

	 
	WVSCI
	83.6
	 

	 
	Acid SCI
	68.2
	 

	Site Name
	Stream Rating Scale - SCI
	 
	 

	 
	Excellent
	Good
	Marginal
	Poor

	0
	> 85.0
	85.0 - 70.0 
	69.9 - 55.0 
	< 55.0

	Site Code
	Stream Rating Scale - S0S
	 
	 

	 
	Excellent
	Good
	Marginal
	Poor

	AaAbFarm
	> 22.0
	17.0-22.0
	11.0-16.0
	< 11.0


Appendix C. Continued.
	Biotic Index Calculation Spreadsheet for AaLACR

	 
	Total count for all samples
	Tolerance
	MHI Score

	Macroinvertebrate Groups
	Total #
	P/A
	
	

	Stonefly
	17
	1
	2.0
	34

	Mayfly
	166
	1
	3.0
	498

	Most Caddisflies
	91
	1
	3.0
	273

	Water Penny
	0
	0
	4.0
	0

	Fishflies and Hellgrammites
	0
	0
	4.0
	0

	Riffle Beetle
	2
	1
	4.0
	8

	Common Netspinner
	74
	1
	5.0
	370

	Alderfly
	0
	0
	6.0
	0

	Watersnipe
	13
	1
	4.0
	52

	Cranefly
	14
	1
	5.0
	70

	Other Beetle Larva
	0
	0
	6.0
	0

	Damselfly
	0
	0
	7.0
	0

	Dragonfly
	0
	0
	5.0
	0

	Clams and Mussels
	0
	0
	5.0
	0

	Crayfish
	2
	1
	6.0
	12

	Scud
	0
	0
	6.0
	0

	Sowbug
	0
	0
	7.0
	0

	Snails
	0
	0
	5.0
	0

	Blackfly Larva
	26
	1
	7.0
	182

	Midge Larva
	182
	1
	8.0
	1456

	Other Fly Larva
	3
	1
	8.0
	24

	Flatworms
	0
	0
	8.0
	0

	Leeches
	0
	0
	10.0
	0

	Aquatic Worms
	5
	1
	10.0
	50

	Water Bugs
	0
	0
	8.0
	0

	Total # of macroinvertebrates 
	595
	 
	 
	3029

	 
	Total # of Kinds
	12
	SOS Index
	24

	Indices
	Score
	% Correlation
	 

	% EPT Abundance
	58.5
	63.6
	 

	EPT Richness
	14
	100.0
	 

	% Generally Tolerant
	36.3
	27.5
	 

	% Ephemeroptera
	27.9
	55.8
	 

	Modified Hilsenhoff Index
	5.1
	69.1
	 

	% Dominance 
	30.6
	65.4
	 

	Taxa Richness
	23
	100.0
	 

	%Acid Tolerant
	0.3
	100.0
	 

	%Aluminum Floc Tolerant
	12.4
	100.0
	 

	% Chironomidae
	30.59
	70.1
	 

	% 2 Dominant
	12.77
	136.3
	 

	 
	WVSCI
	89.9
	 

	 
	Acid SCI
	69.7
	 

	Site Name
	Stream Rating Scale - SCI
	 
	 

	 
	Excellent
	Good
	Marginal
	Poor

	0
	> 85.0
	85.0 - 70.0 
	69.9 - 55.0 
	< 55.0

	Site Code
	Stream Rating Scale - S0S
	 
	 

	 
	Excellent
	Good
	Marginal
	Poor

	AaLACR
	> 22.0
	17.0-22.0
	11.0-16.0
	< 11.0


Figure 5. Map featuring physical habitat and WVSCI scores for all seven sample sites.








Figure 3.  Map illustrating the middle four Aarons Creek bioassessment sample sites.





Figure 4.  Map featuring land use and landscape surrounding the top sampling site, AaLACR.





R² = 0.4014�p = 0.09








R² = 0.7316�P-Value = 0.01








Figure 9. Relationship between Bank Vegetative Protection & WVSCI Scores at the Seven Aarons Creek Bioassessment Sites.





R² = 0.7316�p = 0.01








Figure 6. Relationship between Conductivity Values & WVSCI Scores at the Seven Aarons Creek Bioassessment Sites.





Figure 14. Relationship between Temperature (°C) and Combined Canopy Scores at the Seven Aarons Creek Bioassessment Sites.





R² = 0.5669�   p = 0.05





Figure 8. Relationship between Embeddedness & WVSCI Scores at the Seven Aarons Creek Bioassessment Sites.
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R² = 0.7988�p = 0.007








R² = 0.4517�p = 0.1








Figure 15. Relationship between WVSCI Score and Combined Canopy Scores at the Seven Aarons Creek Bioassessment Sites.





Figure 1.  Map of the seven Aarons Creek bioassessment sample locations.





Figure 4.  Map illustrating the lower Aarons Creek bioassessment sample site.





Figure 2. Map illustrating land use around the lower two sampling sites (AaMouth and AaBPipe).





Figure 11. Relationship between Percent of Substrate as Fine Gravel & WVSCI Scores at the Seven Aarons Creek Bioassessment Sites.





Figure 10. Relationship between Bank Stability & WVSCI Scores at the Seven Aarons Creek Bioassessment Sites.
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Figure 12. Relationship between the Percent of Substrate as Sand and WVSCI Scores at the Seven Aarons Creek Bioassessment Sites.
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Figure 12. Relationship between the Percent of Substrate as Sand and WVSCI Scores at the Seven Aarons Creek Bioassessment Sites.





Figure 15. Relationship between Combined Canopy and WVSCI Scores at the Seven Aarons Creek Bioassessment Sites.








R² = 0.6111�p = 0.04








Figure 2. Map illustrating land use around the lower two sampling sites (AaMouth and AaBPipe).
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Figure 7. Relationship between Total Habitat Scores & WVSCI Scores at the Seven Aarons Creek Bioassessment Sites.





Figure 13. Relationship between Temperature (°C) and WVSCI Scores at the Seven Aarons Creek Bioassessment Sites.
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