Appendix A

Lynch Creek, Reed Creek, and UT Roanoke River Benthic Stressor Analysis Report
[bookmark: introduction]1.0 Introduction
      	The Clean Water Act (CWA) requires that waters in the United States support recreation, swimming and boating, wildlife, aquatic life, fish and shellfish. In order to meet the requirements of the CWA, Virginia has adopted water quality standards (WQSs) and assess water quality monitoring data to determine if waterbodies are meeting the WQS. Waterbodies not meeting standards, i.e. impaired waterbodies, are reported in the Virginia Department of Environmental Quality’s (VADEQ) biennial Integrated Assessment on Virginia’s 303(d) Impaired Waters List or “dirty waters list.”
      	Lynch Creek is located in Campbell County in the town of Altavista and drains 3.87 square miles of mostly forested and urban land. It is a tributary to the Roanoke River (Staunton River), which flows through Virginia and eventually into the Albemarle Sound. Approximately 3.90 miles of Lynch Creek are considered impaired for the Aquatic Life Use WQS, meaning there is not a healthy and diverse community of aquatic macroinvertebrates. Lynch Creek is impaired from its headwaters to its mouth on the Roanoke River.
Reed Creek is located in Pittsylvania County and drains 13.0 square miles of mostly forest and pasture land. It is a tributary to the Roanoke River (Staunton River), which flows through Virginia and eventually into the Albemarle Sound.  Approximately 8.90 miles of Reed Creek is considered impaired for the Aquatic Life Use WQS. Reed Creek is impaired from its headwaters to its mouth on the Roanoke River.
An unnamed tributary to the Roanoke River (UT Roanoke River) is located in Campbell County and drains 3.21 square miles of mostly forested and pasture land. It is a tributary to the Roanoke (Staunton) River, which travels through southern Virginia to form Kerr Reservoir and Lake Gaston. The Roanoke River eventually enters the Albemarle Sound. Approximately 4.10 miles of UT Roanoke River is considered impaired for the Aquatic Life Use WQS. UT Roanoke River is impaired from its headwaters to its mouth on the Roanoke River.
      	The goal of this report is to determine the cause(s) of the biological impairment in Lynch Creek, Reed Creek, and UT Roanoke River through a stressor analysis process. The stressor analysis process is a weight-of-evidence approach that uses monitoring data and the scientific literature to identify the most likely stressors to the biological community, i.e., the cause(s) of the biological impairment.
[bookmark: applicable-water-quality-standards]1.1 Applicable Water Quality Standards
      	Virginia’s WQSs consist of water quality criteria that protect the designated uses of all Virginia waterbodies. According to Virginia’s WQSs (9 VAC 25-260-10):
      “All state waters, including wetlands, are designated for the following uses:
      recreational uses, e.g., swimming and boating; the propagation and growth of a
      balanced, indigenous population of aquatic life, including game fish, which might
      reasonably be expected to inhabit them; wildlife; and the production of
      edible and marketable natural resources, e.g., fish and shellfish.”
 	Water quality criteria can be numerical or narrative. The General Standard defined in Virginia’s water quality standards (9 VAC 25-260-20) provides general, narrative criteria for the protection of designated uses from substances that may interfere with attainment of such uses. The General Standards states:
      “State waters, including wetlands, shall be free from substances attributable
      to sewage, industrial waste, or other waste in concentrations, amounts, or
      combinations which contravene established standards or interfere directly or
      indirectly with designated uses of such water or which are inimical or harmful
      to human, animal, plant, or aquatic life.”
      	A biological impairment in Virginia is based on the biological monitoring and assessment of benthic macroinvertebrate communities. Biomonitoring allows VADEQ to assess the overall ecological condition of streams and rivers by evaluating suitability for support of aquatic communities. In Virginia, benthic macroinvertebrate communities are used as indicators of ecological condition and are one way to determine support for the aquatic life designated use.
 	A multi-metric macroinvertebrate index, the Virginia Stream Condition Index (VSCI), is used to assess the aquatic life use status for wadeable freshwater streams and rivers in non-coastal areas of the state. VSCI scores range from 0 to 100, with higher scores indicating relatively better ecological health. VADEQ has set a score of 60 as the threshold for impairment. Scores below 60 indicate an impaired biological community, while scores above 60 indicate a healthy biological community (VDEQ 2018 Assessment Guidance).
[bookmark: impairment-listing]1.2 Impairment Listing
Lynch Creek was first listed on Virginia’s 303(d) Report in 2010 for an aquatic life use impairment based on biomonitoring data from 2008. Since that time, several samples have been collected at 4ALYH000.50 to confirm the aquatic life use impairment. Lynch Creek is impaired for 3.90 miles from its headwater to its confluence with the Roanoke River.  Lynch Creek is also listed on the 303(d) report for a bacteria impairment; however, the Staunton River bacterial TMDL was completed in 2010 to address the Lynch Creek bacterial impairment and several others in the Roanoke River watershed (VDEQ, 2010). DEQ has conducted follow-up water quality and biological monitoring in preparation for the stressor analysis process.
Reed Creek was first listed on Virginia’s 303(d) Report in 2010 for an aquatic life use impairment based on biomonitoring data from 2008. 4ARAB000.52 exhibited high seasonal variability, with one score approaching the impairment cutoff of 60.  Since that time, several samples have been collected along the impaired reach to confirm the aquatic life use impairment. Several of those more recent scores have been above the impairment threshold suggesting a trend of improved benthic health.  Reed Creek is impaired for 8.90 miles, from its headwaters to its mouth on the Roanoke River. DEQ has conducted follow-up monitoring in preparation for the stressor analysis process.
UT Roanoke River was first listed on Virginia’s 303(d) Report in 2010 for an aquatic life use impairment based on biomonitoring data from 2008. Since that time, several samples have been collected along the impaired reach to confirm the aquatic life use impairment, including monitoring conducted in 2012, 2014, 2015 and 2017. All of UT Roanoke River is impaired for aquatic life use. The UT Roanoke River watershed is within the Roanoke PCB and bacteria TMDLs, approved in 2010 and 2006, respectively. However, UT Roanoke River individually is not impaired for bacteria or PCBs in fish tissue or water column. DEQ has conducted follow-up monitoring in preparation for the stressor analysis process. The last years samples indicate an improvement in the benthic community to non-impaired status. 
[bookmark: watershed-characterization]2.0 Watershed Characterization
The physical characteristics of the Lynch Creek, Reed Creek, and UT Roanoke River watersheds were compiled using a Geographic Information System (GIS). Land use/cover, soil characteristics, topography, and existing permits within the Lynch Creek, Reed Creek, and UT Roanoke River watersheds are described below, because they are important for understanding any potential impacts to aquatic life.
Lynch Creek drains 2,476.77 acres of land in Campbell County, VA near the Town of Altavista (Figure 1). Lynch Creek is impaired for 3.90 miles, from its headwaters to its confluence with the Roanoke River. Lynch Creek is surrounded by urban area and mostly flows through the town of Altavista. 
The entire Lynch Creek, Reed Creek, and UT Roanoke River watersheds are located in the Piedmont ecoregion, which is often characterized by clay-like soils that are susceptible to erosion due to heavy historical farming. Reed Creek drains 13,108 acres of land in Pittsylvania County, VA near the Town of Altavista (Figure 1). From its headwaters to the confluence with the Roanoke (Staunton) River, Reed Creek flows for approximately 8.90 miles. The Reed Creek watershed is mostly forested with a secondary land use of pasture. 
UT Roanoke River drains 2,048 acres of land in Campbell County, VA (Figure 1). From its headwaters to the confluence with the Roanoke River, UT Roanoke River flows for approximately 4.1 miles. The UT Roanoke River watershed is mostly forested along with pasture land and urban.


[image: ]
Figure 1: Map of the Lynch Creek, Reed Creek, and UT Roanoke River benthic impairment, located in Campbell and Pittsylvania Counties, VA.
[bookmark: topography]2.1 Topography
      Elevation was calculated in the USGS StreamStats application using a National Elevation Dataset (NED). The Lynch Creek watershed elevation ranged from 288.43 to 905.26 feet above mean sea level, with an elevation average of 699.99 feet. The Reed Creek watershed elevation had a maximum of 1141.23 feet above mean sea level, with an elevation average of 752.40 feet. The UT Roanoke River watershed elevation ranged from 499.40 to 1002.67 feet above mean sea level, with an elevation average of 689.13 feet.
[bookmark: soils]2.2 Soils
Composition of hydrologic soil groups were described in the Lynch Creek, Reed Creek, and UT Roanoke watersheds using the Soil Survey Geographic (SSURGO) database (NCRS, 2015). Hydrologic soil groups represent the infiltration characteristics of soils, where Group A represents soils that have high infiltration rates, and Group D represents soils that have low infiltration rates. Soils that have slower infiltration rates are more susceptible to greater erosion, because rainwater will runoff the land quicker instead of infiltrating. The soil in the Lynch Creek watershed was comprised primarily of Group B (74.19%) soils that are described as having moderate infiltration rates (Table 1 & Figure 2). The soil in the Reed Creek watershed was comprised of mostly Group B (95.48%) soils that are described as having moderate infiltration rates (Table 1 & Figure 3). The soil in the UT Roanoke River watershed was comprised of mostly group B (79.95%) and D (4.87%) soils that are described as having moderate infiltration rates and very slow infiltration rates, respectively (Table 1 & Figure 4). Some of the watershed is also covered by water and major roads (5.00%). 
Table 1: Hydrologic Soil Groups and relative distribution in the Lynch Creek, Reed Creek, and UT Roanoke River watersheds (SSURGO, 2015). 
	
	
	Lynch Creek
	Reed Creek
	UT Roanoke

	Hydrologic Group
	Descriptions
	Acreage
	Percent of Total
	Acreage
	Percent of Total
	Acreage
	Percent of Total

	A
	High infiltration rates. Soils are deep, well-drained to excessively-drained sand and gravels. 
	15.36
	0.62%
	41.52
	0.32%
	98.67
	3.04%

	B
	Moderate infiltration rates. Deep and moderately deep, moderately well and well-drained soils with moderately coarse textures. 
	1,837.43
	74.19%
	1,2515.79
	95.48%
	2,593.82
	79.95%

	B/D
	The first letter is the hydrologic group if drained, and the second letter represents the natural condition
	143.92
	5.81%
	523.95
	3.99%
	146.25
	4.51%

	C
	Moderate to slow infiltration rates. Soils with layers impeding downward movement of water or soils with moderately fine or fine textures.
	90.97
	3.67%
	9.92
	0.076%
	81.94
	2.53%

	C/D
	The first letter is the hydrologic group if drained, and the second letter represents the natural condition
	192.39
	7.77%
	
	
	3.49
	0.12%

	D
	Very slow infiltration rates. Soils are clayey, have a high water table, or shallow to impervious cover. 
	6.22
	0.25%
	
	
	158.13
	4.87%

	Water/Major Roads
	
	190.49
	7.69%
	16.85
	0.19%
	162.10
	5.00%
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Figure 2: Hydrologic soil groups in the Lynch Creek watershed. Most soils are in Group B, which have moderate infiltration rates (SURGO, 2015). 
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Figure 3: Soil composition in the Reed Creek watershed. VADEQ station, 4ARAB003.71’s data was included with 4ARAB003.64’s data throughout the report.
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Figure 4: Soil Composition in the UT Roanoke Watershed. 

[bookmark: landuse]2.3 Land use
      The Virginia Geographic Information Network land cover dataset (VGIN, 2015), with a 1-meter resolution, was utilized to calculate the land use in the Lynch Creek, Reed Creek, and UT Roanoke watersheds (Figure 5,6, &7). The Lynch Creek watershed is approximately 49% forest and trees, 20% urban, and 16% pasture (Table 2). Much of the stream runs through the Town of Altavista and is accessible by town parks. The Reed Creek watershed is approximately 63% forest (forest + tree), 17% pasture, and 4% turf grass (Table 2). The UT Roanoke River watershed is approximately 55% forest, 12% pasture, and 11% urban (Table 2). 
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Figure 5: Lynch Creek watershed land use (VGIN, 2015).
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Figure 6: Reed Creek watershed land use (VGIN, 2015). VADEQ station, 4ARAB003.71’s data was included with 4ARAB003.64’s data throughout the report. 
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Figure 7: Land Use in the UT Roanoke River Watershed. 

Table 2: Percent land use in the Lynch Creek, Reed Creek, and UT Roanoke River watersheds from the Virginia Geographic Information Dataset (VGIN, 2015).
	
	
	Lynch Creek
	Reed Creek
	UT Roanoke River

	Land use type
	Land use description
	Area (acres)
	Percent land use
	Area (acres)
	Percent land use
	Area (acres)
	Percent land use

	Water
	Drainage networks and basins 
	0.005
	0.002%
	22.56
	0.27%
	3.95
	0.19%

	Impervious
	Extracted and External- high percentage of constructed materials
	309.74
	19.71%
	186.14
	2.23%
	227.53
	11.05%

	Barren
	Areas with little or no vegetation
	5.47
	0.35%
	0
	0%
	2.31
	0.11%

	Forest
	Areas with tree cover of natural or semi-natural woody vegetation
	426.26
	27.13%
	4732.75
	56.79%
	1138.91
	55.35%

	Tree
	Areas with tree cover of natural or semi-natural woody vegetation that does not encompass an acre
	346.63
	22.06%
	514.35
	6.17%
	213.72
	10.39%

	Turf Grass
	Primarily grasses 
	204.26
	13.00%
	320.81
	3.85%
	176.50
	8.58%

	Harvested/Disturbed
	Areas of forest clear-cut, temporary clearing of vegetation, and other dynamically changing land cover due to land use activities as defined by the EPA 
	0
	0
	213.89
	2.57%
	1.82
	0.09%

	Shrub
	Areas of natural or semi-natural woody vegetation with aerial stems generally less than 6 meters
	6.26
	0.39%
	168.05
	2.02%
	43.05
	2.09%

	Pasture
	Areas of grasses, legumes, or grass-legumes planted for livestock grazing
	262.92
	16.73%
	2130.40
	16.73%
	242.91
	11.81%

	Cropland
	Areas of herbaceous vegetation that has been planted for production of food
	8.15
	0.52%
	28.99
	0.35%
	6.89
	0.33%

	NWI/Other
	Soil or substrate periodically covered with water
	1.49
	0.10%
	15.66
	0.19%
	0
	0%



[bookmark: permitted-facilities]2.4 Permitted Facilities
There are no permits within the Lynch Creek watershed. There is one permit within the Reed Creek watershed, Dominion-Pittsylvania Power Station (VA0083399), with two outfalls discharging to Reed Creek and one to the Roanoke River (Table 3). There have been no compliance issues in the last 10 years. Recently the power discharges were stopped because the facility is in "cold reserve" or shut down. 
There are two permits within the UT Roanoke River watershed (Table 3). Both outfalls are covered under general permits and do not discharge continuously but instead intermittently discharge runoff from the property.  There were no major incidents regarding these permits in the last 10 years. 
	Permit Number
	Watershed
	Type
	Benchmark parameters sampled

	VA0083399
	Reed Creek (2/3 outfalls)
	VPDES Industrial Permits
	pH, TSS, TKN, Flow, Manganese, Cl2, Zinc

	VAR050525
	UT Roanoke River (2/3 outfalls)
	VPDES Industrial Stormwater General Permit
	TSS, BOD5

	VAG110154
	UT Roanoke River
	VPDES Concrete General Permit
	Flow, pH, TSS


[bookmark: biological-and-water-quality-data-invent]3.0 Biological and Water Quality Data Inventory
[bookmark: biological-monitoring]3.1 Biological Monitoring
 	Benthic macroinvertebrate communities reflect the water and habitat quality in a stream over a longer period of time compared to ambient water samples that capture water quality at a single point in time. Therefore, the VADEQ evaluates biological communities to assess whether chronic and/or acute stressors are negatively affecting stream resources or habitat, resulting in biological communities with low diversity and mainly tolerant organisms. Biological communities are evaluated as impaired or non-impaired using the Virginia Stream Condition Index (VSCI) scores, which account for the number and type of organisms in an aquatic community (Table 4). A VSCI score greater than 60 is considered non-impaired, and a score of less than or equal to 60 indicates an impaired stream (VADEQ, 2018).

Table 4: Metrics used to calculate the Virginia Stream Condition Index (VSCI) (Burton and Gerritsen, 2003).
[image: Table1_VSCImetrics.PNG]
      The macroinvertebrate community in Lynch Creek is impaired for 3.87 miles from its headwaters to its mouth on the Roanoke River.  Typically, Lynch Creek’s VSCI scores are below the impairment threshold with a median value of 33.29 (Figure 8). On average, fall samples had a higher VSCI score (49.11) compared to spring samples (30.94). Scores for the percent Ephemeroptera and percent Plecoptera and Trichoptera excluding Hydropsychidae were consistently low; driving the observed VSCI scores (Table 5). Hydropsychidae, a tolerant caddisfly, Chironomidae, a tolerant midge, and Naididae, an aquatic worm, were the most abundant taxa found in Lynch Creek (Appendix A).  
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Figure 8: Virginia Stream Condition Index (VSCI) for Lynch Creek. A score of less than or equal to 60 indicates an impaired benthic community. No replicate samples are represented in the dataset. 

Table 5: Metric scores used to calculate the VSCI for Lynch Creek. Orange shaded values indicate the two lowest scores that are most likely driving low VSCI scores. Red VSCI scores are below the impairment threshold of 60.
	VSCI Metric
	Spring 2012
	Fall 2012
	Spring 2015
	Fall 2015
	Spring 2017
	Fall 2017

	%Ephem Score
	4.45
	4.45
	7.42
	13.35
	10.38
	16.31

	%PT-H Score
	2.55
	2.55
	2.55
	100.00
	5.11
	0

	% Chironimidae Score
	35.45
	79.09
	82.73
	90.91
	52.73
	89.09

	Fam Richness Score
	50.00
	54.55
	50.00
	77.27
	45.45
	63.64

	Fam EPT Score
	27.27
	27.27
	45.45
	72.73
	36.36
	45.45

	Fam % Scraper Score
	7.05
	5.29
	7.05
	40.52
	8.81
	26.43

	Fam % Dominant Taxa
	27.59
	27.59
	21.02
	68.31
	48.61
	47.29

	Fam MFBI Score
	59.89
	6.10
	41.44
	100.00
	63.24
	65.51

	VSCI
	26.78
	37.74
	32.21
	70.39
	33.84
	44.22



Typically, Reed Creek’s VSCI scores were just above the impairment threshold with a median value of 62.64 (Figure 9). A median indicates the midpoint value of a distribution and an average refers to an arithmetic mean (the sum of numbers/ total amount of values). However, the VSCI scores vary spatially, with upstream stations generally having higher VSCI scores than the downstream station (4ARAB000.52). Station, 4ARAB006.49 was sampled as a reference site because of the surrounding forested land use. 4ARAB006.49 had an average score of 71.35 (n=2). Stations 4ARAB003.71 and 4ARAB003.64 generally had scores above the impairment threshold as well; however, 4ARAB003.64 had two observations below 60. These stations were combined throughout because of their close proximity. The average score for these stations was 62.00 (n=7). The most downstream station, 4ARAB000.52 had observations below the impairment threshold more than 50% of the time with an average of 61.02 (n=7).
 	Eight of the twelve samples were just above the impairment threshold, and VSCI scores appear to be improving throughout time.  On average, fall samples had a higher VSCI score (64.81) compared to spring samples (60.84).  In fact, fall samples were largely unimpaired. The impaired site had an average fall score of 64.64 (n=4) and spring score of 56.6 (n=3). The discrepancy is due to the low % scraper taxa found in spring samples and low % Ephemeroptera and % Plecoptera and Trichoptera minus Hydropsychidae. However, in both seasons, low VSCI scores were driven primarily by % Ephemeroptera and % scraper scores (Table 6 - 9). We also observed temporal changes in 4ARAB000.52, where the average score in 2011/2012 was 54.92 (n=2), and the average score in 2017 was 62.205 (n=2).
The low VSCI scores observed at 4ARAB000.52 were influenced in part by the low percentage of scrapers. Ancylidae, a scraping snail and Optioservus, a scraping beetle larvae, were the most abundant scraping taxa at 4ARAB000.52. More upstream sites had fewer snails and had a scraping community dominated by Optioservus and Maccafertium. Chironomidae, a tolerant midge larvae, consistently dominated spring communities. Fall communities varied more in their dominant taxa and fluctuated between Chironomidae, Hydropsychidae, and Heptageniidae (Appendix A). 
[image: Figure 4: Virginia Stream Condition Index (VSCI) for UT Staunton Creek. A score of less than or equal to 60 indicates an impaired benthic community.]
Figure 9: Virginia Stream Condition Index (VSCI) for Reed Creek biological monitoring stations. A score of less than or equal to 60 indicates an impaired benthic community. No replicate samples are represented in the dataset

Table 6: Metric scores used to calculate the VSCI for 4ARAB000.52. Red shaded values indicate the two lowest scores that are most likely driving low VSCI scores. Red VSCI scores are below the impairment threshold of 60.
	VSCI Metric
	Fall 2011
	Spring 2012
	Fall 2012
	Spring 2015
	Fall 2015
	Spring 2017
	Fall 2017

	%Ephem Score
	11.86
	65.25
	45.97
	60.80
	34.11
	41.52
	77.12

	%PT-H Score
	45.97
	22.98
	7.66
	15.32
	99.59
	84.27
	7.66

	% Chironomidae Score
	62.73
	64.55
	93.64
	62.73
	89.09
	63.64
	92.73

	Fam Richness Score
	81.82
	63.64
	63.64
	81.82
	72.73
	54.55
	72.73

	Fam EPT Score
	81.82
	63.64
	54.55
	81.82
	63.64
	81.82
	72.73

	Fam % Scraper Score
	21.14
	14.09
	68.71
	22.90
	61.66
	0
	58.14

	Fam % Dominant Taxa
	74.88
	55.18
	85.39
	60.43
	89.33
	59.12
	65.69

	Fam MFBI Score
	72.73
	76.47
	73.13
	74.87
	90.11
	87.83
	75.80

	VSCI
	56.62
	53.22
	61.59
	57.59
	75.03
	59.09
	65.32



Table 7: Metric scores used to calculate the VSCI for 4ARAB003.64. Red shaded values indicate the two lowest scores that are most likely driving low VSCI scores. Red VSCI scores are below the impairment threshold of 60.
	VSCI Metric
	Spring 2012
	Fall 2012
	Spring 2014
	Fall 2014
	Spring 2015
	Fall 2015
	Spring 2017

	%Ephem Score
	74.15
	13.35
	22.25
	14.83
	51.91
	10.38
	68.22

	%PT-H Score
	17.88
	48.52
	76.61
	74.06
	30.64
	43.41
	81.72

	% Chironomidae Score
	77.27
	68.18
	68.18
	69.09
	62.73
	70.91
	80.00

	Fam Richness Score
	54.55
	77.27
	77.27
	86.36
	90.91
	81.82
	50.00

	Fam EPT Score
	45.45
	100.00
	81.82
	90.91
	100.00
	72.73
	63.64

	Fam % Scraper Score
	14.09
	47.57
	17.62
	54.62
	22.90
	45.81
	14.09

	Fam % Dominant Taxa
	51.23
	74.88
	76.20
	82.76
	59.12
	70.94
	73.57

	Fam MFBI Score
	77.54
	74.87
	84.36
	79.74
	79.68
	77.14
	96.39

	VSCI
	51.52
	63.08
	63.04
	69.05
	62.24
	59.14
	65.95






Table 8: Metric scores used to calculate the VSCI for 4ARAB006.49. Red shaded values indicate the two lowest scores that are most likely driving low VSCI scores. Red VSCI scores are below the impairment threshold of 60.

	VSCI Metric
	Spring 2018
	Fall 2018

	%Ephem Score
	41.52
	57.84

	%PT-H Score
	40.86
	10.21

	% Chironomidae Score
	79.09
	94.55

	Fam Richness Score
	95.45
	77.27

	Fam EPT Score
	100.00
	72.73

	Fam % Scraper Score
	63.42
	100.00

	Fam % Dominant Taxa
	86.71
	53.86

	Fam MFBI Score
	85.70
	82.49

	VSCI
	74.09
	68.62



The macroinvertebrate community in UT Roanoke River is considered impaired for 4.10 miles, from its headwaters to its mouth on the Roanoke River. Typically, UT Roanoke River’s VSCI scores have hovered around the impairment threshold with a median value of 62.06 (Figure 10). On average, fall samples had a higher VSCI score (65.47) than spring samples (59.4). Typically, spring samples had lower % Chironomidae scores (more Chironomidae) and lower % dominant taxa scores (less even) than fall VSCI scores. However, in both seasons, low VSCI scores were driven primarily by % Ephemeroptera, % Plecoptera and Trichoptera excluding Hydropsychidae, and % scraper scores (Table 9).  Chironomidae midges were the most abundant taxa in most samples. A scraping beetle larvae, Elmidae, and two filtering caddisflies, Hydropsychidae and Philopotamidae, were abundant in fall samples only.  A scraping mayfly, Heptageniidae, was found in high abundances during the most recent fall sample events (Appendix A). 
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Figure 10: Virginia Stream Condition Index (VSCI) for UT Roanoke River. A score of less than or equal to 60 indicated an impaired benthic community.

Table 9: Metric scores used to calculate the VSCI for 4AXCN000.31. Shaded values indicate the two lowest scores that are most likely driving low VSCI scores. Red VSCI scores are below the impairment threshold of 60.

	VSCI Metric
	Spring 2012
	Fall 2012
	Fall 2012 (R2)
	Spring 2014
	Fall 2014
	Spring 2015
	Fall 2015
	Spring 2017
	Fall 2017

	%Ephem Score
	11.86
	13.35
	14.83
	22.25
	20.76
	16.31
	31.14
	14.83
	45.97

	%PT-H Score
	33.20
	22.98
	58.73
	63.84
	63.84
	25.54
	61.29
	33.20
	35.75

	% Chironomidae Score
	83.64
	68.18
	81.82
	47.27
	75.45
	58.18
	70.00
	71.82
	80.00

	Fam Richness Score
	72.73
	72.73
	77.27
	72.73
	77.27
	81.82
	77.27
	81.82
	72.73

	Fam EPT Score
	54.55
	63.64
	81.82
	81.82
	81.82
	81.82
	90.91
	100.00
	63.64

	Fam % Scraper Score
	77.52
	70.47
	52.85
	35.24
	49.33
	45.81
	63.42
	70.47
	89.85

	Fam % Dominant Taxa
	68.31
	65.69
	82.76
	53.86
	86.71
	60.43
	80.14
	56.49
	81.45

	Fam MFBI Score
	81.28
	74.47
	78.88
	84.09
	78.34
	76.74
	85.70
	81.28
	80.75

	VSCI
	60.39
	56.44
	66.12
	57.64
	66.69
	55.83
	69.98
	63.74
	68.77



Delist Potential
	Streams are listed as impaired when they show biological communities that are below the VSCI impairment threshold of 60. When a stream shows improvement and VSCI scores are consistently above 60, that stream is be eligible for delisting or return to an unimpaired/healthy status. UT Roanoke River has shown improvement in VSCI scores over the past several sampling events.  UT Roanoke River was listed as impaired in the 2010 assessment, which evaluates data for the past 6 years (2003-2008). During that window, UT Roanoke River was sampled twice in 2008 with an average VSCI score of 49.53. The 2020 assessment window evaluated more recent data from  2013-2018. During this time period, UT Roanoke River had an average VSCI score of 63.78. Particularly, the last year of sampling in 2017 had an average score of 66.26, which is well above the impairment threshold. This evidence leads us to alter the trajectory for this stream from developing a TMDL to pursuing a formal delisting of the impairment on UT Roanoke River. DEQ biologists typically look for two consecutive sampling years of non-impaired VSCI scores before proposing a delisting to EPA. DEQ will attempt to sample in 2020 to obtain evidence to support the delisting effort. Because of recent road construction near the biological sample site of 4AXCN000.31, DEQ will collect macroinvertebrates at 4AXCN00.61. These stations are within 0.3 miles of each other and represent similar communities, habitat, and stressors. 
[bookmark: ambient-water-quality-data]3.2 Ambient Water Quality Data
      	In order to investigate the stressor causing the impairment to the aquatic community, all available DEQ bioassessment, ambient water quality, and special study data were examined. Biological and probabilistic sampling typically occur during low flow to capture colonized aquatic communities. Ambient water quality monitoring occurs monthly or bimonthly but is most likely during base or low flow given the infrequency and safety associated with storm sampling. Based on DEQ’s water monitoring program, the observed data may be biased toward low/base flow conditions and may not accurately represent conditions at high flow.
 	Lynch Creek station 4ALYH000.50 was listed as impaired for the General Standard Criteria (benthic) in 2010 based on samples collected in 2008 as part of the biological monitoring program. Several other stations along Lynch Creek have been sampled but were sampled greater than 10 years ago, thus they were not included in the stressor analysis. Additional ambient and biological monitoring were conducted in 2011, 2012, 2015, and 2017 in preparation for this study (Table 10). 
	Station
	Location
	Program Type*
	Years Sampled
	Parameters

	4ALYH000.50
	At foot bridge- City Park 
	Ambient, RB, TM
	2005- 2017
	Biology, Nutrients, Total Habitat, Chemical Data

	4ALYH000.17
	Above last bridge at boat ramp
	Special Study
	2008
	PCB

	4ALYH000.00
	Mouth of Lynch Creek 
	Ambient
	2005
	Chemical Data



Table 10: Lynch Creek stations along the impaired segment. Only data from 4ALYH000.50 were used for the stressor analysis.
[bookmark: stressor-identification]*RB= Biological monitoring
TM= monitoring for TMDL study

Reed Creek station 4ARAB000.52 was listed as impaired for the General Standard Criteria (benthic) in 2010 based on samples collected in 2008 as part of the biological monitoring program. Data has been collected at this station from 2011- 2012 and more recently in 2015 and 2017. More intensive ambient and biological monitoring were conducted in 2017 in preparation for this study (Table 11). Probabilistic monitoring occurred at the upstream station 003.64, and 006.49 was identified as a reference condition based on the habitat and land use analysis. 
Table 11: Reed Creek stations along the impaired segment. 
	Station
	Location
	Program Type*
	Years Sampled
	Parameters

	4ARAB000.52
	Reed Creek at Grit Road (668)
	RB, TM, SS
	2008, 2011– 2012, 2015, 2017 
	Biology, Nutrients, Total Habitat, Chemical Data

	4ARAB003.64**
	Reed Creek just downstream of 638
	Bio, APROB, AMBNT
	2012, 2017
	Biology, Nutrients, Total Habitat, Chemical Data

	4ARAB006.49
	Reed Creek at Route 642
	RB, AMBNT
	2018, 2019
	Biology


*RB= Biological monitoring
TM= monitoring for TMDL study
**4ARAB003.71 was included with data from 4ARAB003.64 throughout the report. 
UT Roanoke River was listed as impaired for the General Standard (benthic) in 2010 based on samples taken from station 4AXCN000.31 as a routine biomonitoring station. After this station was determined to be impaired, follow-up data were collected at this location to support the development of this stressor analysis and TMDL (Table 12). Ambient data was collected at 4AXCN000.61 to support the stressor identification effort. 
Table 12:  Monitoring stations on UT Roanoke River.
	Station
	Location
	Program Type*
	Years Sampled
	Parameters

	4AXCN000.31
	Business 29 and Rt. 714
	RB, TM
	2008, 2012, 2014-2015, 2017 
	Biology, Nutrients, Total Habitat, Chemical Data

	4AXCN000.61
	Route 711
	TM
	2017
	Nutrients, Total Habitat, Chemical Data


*RB= Biological monitoring
TM= monitoring for TMDL study
4.0 Stressor Identification
 	In order to develop a TMDL for a benthic impairment, a pollutant must be identified as a probable or most probable stressor to the aquatic community. A stressor can have direct effects on the organism itself, like dissolved metals or toxic chemicals, or alter habitat and resources resulting in a shift in the macroinvertebrate community. The macroinvertebrate community is comprised of a suite of organisms that are adapted to withstand the current environmental conditions of the stream. As those environmental conditions change, organisms that are not adapted to those changes will be reduced in numbers or extirpated, and the macroinvertebrate community will shift to organisms that can withstand the new altered environmental conditions. The goal of the stressor analysis process is to apply a weight-of-evidence approach to define a/the most probable stressor(s) that explain(s) the shift in the benthic macroinvertebrate community. Candidate stressors were identified based on DEQ monitoring data and known effects of pollutants on macroinvertebrates. The candidate stressors include pH, dissolved oxygen, specific conductivity, total nitrogen, temperature, total dissolved solids, dissolved ions, total phosphorus, hydromodification, metals, and sediment (Table 13). Each stressor was categorized as non-stressor, possible stressor, or probable stressor using a weight-of-evidence approach.
Table 13: Candidate Stressors evaluated as the stressor causing the benthic impairment on Lynch Creek, Reed Creek, and UT Roanoke River.
	Candidate Stressors
	Description

	pH
	A measure of the hydrogen ion (H+) concentration in an aqueous solution, with acids encompassing lower pH measurements (< 7) and bases or alkalis encompassing the higher end of the scale (> 7)

	Dissolved Oxygen
	A measure of the concentration oxygen available in water to sustain aquatic organisms

	Specific Conductivity
	A measure of how well water can conduct an electrical current based on the amount of ions in the water

	Total Nitrogen
	An essential nutrient for aquatic plants and animals, yet excess nitrogen can result in eutrophication

	Total Phosphorus
	An essential nutrient for aquatic plants and animals, yet excess phosphorus can result in eutrophication

	Temperature
	Benthic macroinvertebrates require a suitable instream temperature range to persist in the environment.

	Total Dissolved Solids
	A measurement of the amount of dissolved ions in a waterbody

	Dissolved Ions (Sulfate, Chloride, Potassium, Sodium)
	A measurement of ions that are associated with anthropogenic activities

	Sediment
	Benthic macroinvertebrates require spaces between stream substrate that are free of sediment and stable during storm events

	Metals
	exceeding certain thresholds can prove toxic to organisms

	Hydromodification
	Result of impoundments, impervious surfaces or channelization of streams


Candidate Stressors include:
      pH is a measure of the hydrogen ion (H+) concentration in an aqueous solution, with acids encompassing lower pH measurements (< 7) and bases or alkalis encompassing the higher end of the scale (> 7). pH levels control the solubility of chemicals in water, thus pH has great bearing on nutrient availability. Benthic macroinvertebrates require a specific pH range to thrive in aquatic systems. Virginia Class III water quality standards identify the acceptable pH as between 6.0 and 9.0 (9VAC25-260-50).
       Most organisms require oxygen to sustain life. The amount of oxygen available to aquatic organisms is called dissolved oxygen (DO). Healthy aquatic organisms require high levels of DO, while more tolerant organisms can withstand lower levels. The Hilsenhoff Biotic Index (HBI) calculates the health of a stream based on the abundance of organisms and their tolerance to low dissolved oxygen. Virginia Class III WQSs identify the minimum level of DO as 4.0 mg/L with a daily average no less than 5.0 mg/L (9VAC25-260-50).
       The Metal Cumulative Criterion Unit (Metals CCU) is a measurement that accounts for the additive effect of metals in the water column by standardizing each dissolved metal’s concentration with chronic criterion values established by VADEQ. Arsenic, Chromium, Copper, Lead, Nickel, and Zinc are included in the calculation of the metals CCU index. Most of these metals are dependent on the water hardness, therefore, hardness was also included in the calculation. Though trace amounts of heavy metals are essential to certain metabolic functions, exceeding certain thresholds can prove toxic to organisms. Aquatic insects are especially sensitive to the presence of some metals, and accumulation of these metals can transfer up the food chain and biomagnify in organisms of higher trophic levels. No metals data were collected on Lynch Creek but metals data were collected on Reed and UT Roanoke.  
      Specific conductance is a measure of how well water can conduct an electrical current based on the amount of ions in the water. Regional geology has great bearing on the ionic strength of a water body. Therefore, water flowing through materials that easily dissolve into their ionic constituents will most likely have a higher conductivity. Anthropogenic activities such as runoff from urban, agricultural, or mining areas often result in elevated conductivity. Unnatural levels of dissolved ions can stress aquatic communities that rely on a certain level of ionic strength to perform metabolic functions.
      Total dissolved solids (TDS) is a measurement of the amount of dissolved ions in a waterbody. Although there are no water quality standards for TDS, EPA Secondary Regulations establish a (non-enforceable) TDS level of 500 mg/L for aesthetic and corrosion prevention purposes (40 CFR 141.208). Although a TDS level of above 350 mg/L is considered to have a high probability of aquatic stress in Virginia, there are streams with naturally high levels of TDS from underlying geology. Analyzing a suite of ions that are associated with anthropogenic activities, like dissolved sulfate, dissolved chloride, dissolved sodium, and dissolved potassium, can help elucidated the cause of elevated TDS concentrations.
      Benthic macroinvertebrates require a suitable instream temperature range to persist in the environment. According to the Virginia water quality standards, Lynch, Reed Creek and UT Roanoke River are considered Class III Nontidal Waters (Coastal and Piedmont Zones) section 5 streams (9VAC25-260-50). Class III streams have a max temperature of 32°  C. 
       Hydromodification can be the result of impoundments, impervious surfaces, or channelization of streams. Hydromodification can affect the flow of water and nutrients. The role of an impoundment is to retain water in periods of higher flows. Impoundments retain sediment, organic material and nutrients that, in free-flowing streams would be moved downstream. Impoundments are also often associated with a decrease in annual variation of water level in streams that could modify stream flow (Baxter 1977). There are no impoundments on Lynch, Reed, or UT Roanoke River. Impervious surfaces in highly urbanized watersheds can affect the stream flow because there are fewer pervious areas for water to absorb. Channelization describes a stream that is straightened to reduce flooding or utilize the land differently. Channelizing a stream alters the stream flow and function. 
       Total Nitrogen (TN) is an essential nutrient for aquatic plants and animals, yet excess nitrogen can over-fertilize algae resulting in eutrophication of streams or lakes. Humans may alter natural nitrogen levels through poor agricultural practices, mismanagement of waste, and combustion of fossil fuels.
      Elevated levels of Total Phosphorus (TP) can stimulate algal production and shift aquatic communities similar to elevated TN concentrations. However, often phosphorus is the limiting nutrient in aquatic communities, meaning that biota may have a stronger response to phosphorus additions than nitrogen additions (Schindler, 1977).
       In order to have a healthy macroinvertebrate community, a stream must have a suitable habitat. Sensitive benthic macroinvertebrates require spaces between stream substrate that are free of excess sediment and stable during storm events. A suite of habitat variables was visually inspected by DEQ at the time of biological monitoring to calculate a total habitat score (Barbour et al., 1999). A total habitat score is an index representing multiple instream and riparian habitat variables that describe the quality of habitat for aquatic organisms. Habitat parameters include substrate composition, flow, riparian quality, and habitat diversity. Each individual parameter ranges from 0 to 20, where 20 indicates optimal conditions, and 0 indicates poor conditions. Scores between 0 and 5 were deemed very poor, 5 to 10 were marginal, 10 to 15 were suboptimal, and scores over 15 were considered optimal. Total habitat ranges from 0- 200, where a score of 0 would indicate a very poor habitat, and 200 would indicate optimal habitat.
      Quantitative habitat data is collected as part of the probabilistic monitoring program, which allows VADEQ to calculate the Log Relative Bed Stability (LRBS) index, percent fines, and embeddedness. The LRBS index, developed by USEPA, is the ratio of the observed mean streambed particle diameter to the “critical diameter,” which is the largest particle size the stream can move during storm flows (Kaufmann et al., 2008). The index was developed to differentiate between natural and anthropogenic sediment deposition in a watershed. A stream with an LRBS score of less than -1 is carrying excess sediment, and a LRBS score above -0.5 represents a stream with a normal sediment load.
 	Data collected through VADEQ’s Freshwater Probabilistic Monitoring Program were used to develop stressor thresholds or concentration/measured ranges linked to probable stress to aquatic life. The stressor thresholds are not derived from literature values and are not intended to replace water quality criteria or define TMDL endpoints. The probabilistic approach minimizes bias because it is a statistically designed study and sample sites are selected randomly across a geographical area. The probabilistic monitoring dataset allowed VADEQ to determine thresholds ranging from no stress to aquatic life to high probability of stress to aquatic life for the following parameters: dissolved oxygen, pH, total phosphorus, total nitrogen, ionic strength (specific conductivity, TDS, and dissolved sulfate, chloride, sodium, and potassium), dissolved metals cumulative criterion unit, and sediment (total habitat and relative bed stability). The stress categories were developed by analyzing benthic macroinvertebrate community responses (represented by VSCI scores) through a variety of peer-reviewed statistical techniques: relative risk, relative extent, conditional probability and quantile regression. The results were interpreted into stress categories. Specifically, “No Probability of Stress to Aquatic Life” means that a parameter range reflects an undisturbed or background condition in Virginia. “Low Probability of Stress to Aquatic Life” represents a benthic macroinvertebrate community response that is slightly above background conditions but unlikely to cause a major community shift. The “Medium Probability of Stress to Aquatic Life” category means there is evidence of possible harm causing a shift in benthic communities with changes noticeably above background conditions. The “High Probability of Stress to Aquatic Life” threshold corresponds to values that are among the highest in the Commonwealth and result in degradation of the benthic community (VADEQ, 2017). For applicable parameters, the “Stressor Analysis in Virginia: Data Collection and Stressor Thresholds” document published by VADEQ in 2017 (VADEQ, 2017) was used. Figure 11 shows the stressor analysis categories.
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Figure 11: Stressor Analysis Legend
Along with the “Stressor Analysis in Virginia: Data Collection and Stressor Thresholds” approach, we have incorporated EPA’s stressor identification framework, “Causal Analysis/Diagnosis Decision Information System” (CADDIS) (USEPA, 2018). This framework provides guidance on evaluating various stressors using different lines of evidence (Table 6). A weight was assigned to each line of evidence based on the strength of evidence supporting or refuting a given parameter as a stressor. Weights ranged from -3, meaning that evidence strongly refuted the parameter as a stressor, to +3, meaning that evidence strongly supported the parameter as a stressor. The weights were summed for each candidate stressor to determine the status of each parameter. The CADDIS approach was used in conjunction with the Virginia stressor thresholds to identify the most probable stressor. 
Table 13: Lines of evidence used in the CADDIS framework
	Evidence
	The Concept

	Data from the Case

	Spatial Co-occurrence
	The biological effect must be observed where the cause is observed, and must not be observed where the cause is absent.

	Temporal Co-occurrence
	The biological effect must be observed when the cause is observed, and must not be observed when the cause is absent.

	Evidence of Exposure or Biological Mechanism
	Measurements of the biota show that relevant exposure to the cause has occurred, or that other biological mechanisms linking the cause to the effect have occurred.

	Causal Pathway
	Steps in the pathways linking sources to the cause can serve as supplementary or surrogate indicators that the cause and the biological effect are likely to have co-occurred.

	Stressor-Response Relationships from the Field
	As exposure to the cause increases, intensity or frequency of the biological effect increases; as exposure to the cause decreases, intensity or frequency of the biological effect decreases.

	Manipulation of Exposure
	Field experiments or management actions that increase or decrease exposure to a cause must increase or decrease the biological effect.

	Laboratory Tests of Site Media
	Controlled exposure in laboratory tests to causes (usually toxic substances) present in site media should induce biological effects consistent with the effects observed in the field.

	Temporal Sequence
	The cause must precede the biological effect.

	Verified Predictions
	Knowledge of a cause's mode of action permits prediction and subsequent confirmation of previously unobserved effects.

	Symptoms
	Biological measurements (often at lower levels of biological organization than the effect) can be characteristic of one or a few specific causes.

	Data from Elsewhere

	Stressor-Response Relationships from Other Field Studies
	At the impaired sites, the cause must be at levels sufficient to cause similar biological effects in other field studies.

	Stressor-Response Relationships from Laboratory Studies
	At the impaired sites, the cause must be at levels associated with related biological effects in laboratory studies.

	Stressor-Response Relationships from Simulation Models
	At the impaired sites, the cause must be at levels associated with effects in mathematical models simulating ecological processes.

	Mechanistically Plausible Cause
	The relationship between the cause and biological effect must be consistent with known principles of biology, chemistry and physics.

	Manipulation of Exposure at Other Sites
	Field experiments or management actions at other sites that increase or decrease exposure to a cause must increase or decrease the biological effect.

	Analogous Stressors
	Agents similar to the causal agent at the impaired site should lead to similar effects at other sites.

	Multiple Types of Evidence

	Consistency of Evidence
	Confidence in the argument for or against a cause is increased when many types of evidence consistently support or weaken it.

	Explanation of the Evidence
	Confidence in the argument for a candidate cause is increased when a post hoc mechanistic, conceptual, or mathematical model reasonably explains any inconsistent evidence.



[bookmark: non-stressors]4.1 Non-stressors:
A. pH
	1. Lynch Creek
 	Lynch Creek was sampled for pH data between 2015 and 2017. pH measurements in Lynch Creek ranged from 6.95 - 8.07 with a median value of 7.45 (n=15) (Figure 12). pH was within the low probability range for aquatic stress and was within the WQSs.  All lines of evidence used to evaluate pH as a potential stressor indicated that it is a non-stressor (Table 14). 
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Figure 12: pH data collected at Lynch Creek was within the low probability for aquatic stress category.

Table 14: Causal analysis results for pH as a potential stressor in Lynch Creek 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-2
	The site with impaired benthic community had pH values within a normal range

	Temporal Co-occurrence
	-3
	pH was within a normal range during the period of benthic collections

	Stressor-Response Relationships from Other Field Studies
	-3
	All pH observations were within the range of low probability for aquatic stress

	Stressor-Response Relationships from Laboratory Studies
	-3
	All pH values were within Virginia’s Class III water quality standards

	Consistency of Evidence
	-3
	All available sources of evidence refute pH as the cause of impairment

	Sum
	-14
	



2. Reed Creek
Reed Creek was sampled for pH between 2014 and 2019. pH measurements in Reed Creek at 4ARAB000.52, ranged from 6.94 - 8.34 with a median value of 7.40 (n=15) (Figure 13). Two samples were collected at 4ARAB006.49 with a median value of 6.86. 4ARAB003.64 had a pH range from 7.10- 7.97 (n=13). Across all stations, pH ranged from 6.65 - 8.34 with a median value of 7.55 (n=30) (Figure 6). All pH values were within the WQSs and the low probability for aquatic stress. All lines of evidence strongly refute pH as a stressor to the benthic community (Table 15). 
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Figure 13: pH data was within the water quality standard for pH and was within the low probability for aquatic stress category in Reed Creek

Table 15: Causal analysis of pH as a potential stressor in Reed Creek. 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-3
	The pH in the upstream unimpaired site is similar to the pH at the impaired sites

	Temporal Co-occurrence
	-3
	The pH is within normal range during all benthic observations and does not vary abnormally during seasons

	Stressor-Response Relationships from the Field
	-3
	pH values are similar across sites that vary in VSCI scores

	Stressor-Response Relationships from Other Field Studies
	-3
	All observations are within the low probability range for aquatic stress

	Stressor-Response Relationships from Laboratory Studies
	-3
	All pH values were within Virginia’s Class III water quality standards

	Consistency of Evidence
	-3
	All evidence strongly refutes pH as the cause of impairment

	Sum
	-18
	


3. UT Roanoke River
UT Roanoke River was sampled for pH data between 2012 and 2017. pH measurements in UT Roanoke River at 4AXCN000.31 and 4AXCN000.61, ranged from 6.75 - 8.17 with a median value of 7.42 (n=20) (Figure 14). All values were within the WQSs and in the low probability for aquatic stress. All lines of evidence strongly refute pH as a stressor to the benthic community (Table 16). 
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Figure 14: pH was within the low probability for aquatic stress category in UT Roanoke River. 
Table 16: Causal analysis of pH as a potential stressor in UT Roanoke River. 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-2
	The site with impaired benthic community had pH values within the normal range 

	Temporal Co-occurrence
	-3
	The pH is within normal range during all benthic observations and does not vary abnormally during seasons

	Stressor-Response Relationships from Other Field Studies
	-3
	All observations are within the low probability range for aquatic stress

	Stressor-Response Relationships from Laboratory Studies
	-3
	All pH values were within Virginia’s Class III water quality standards

	Consistency of Evidence
	-3
	All evidence strongly refutes pH as the cause of impairment

	Sum
	-14
	



B. Dissolved Oxygen
	1. Lynch Creek      
Dissolved oxygen in Lynch Creek ranged from 8.23 - 12.41 mg/L. The median dissolved oxygen value was 9.93mg/L (n=15) (Figure 15). All observations were above the WQS and within the low to no probability for aquatic stress.  All lines of evidence indicate that DO is a non-stressor (Table 17). 
[image: C:/Users/ykd89299.COV/AppData/Local/Temp/Rtmp2LagAg/file1f1c76fb209c_files/figure-docx/unnamed-chunk-3-1.png]
Figure 15: Dissolved oxygen measurements in Lynch Creek were within the low to no probability for aquatic stress category. 
Table 17: Causal analysis of DO as a potential stressor for Lynch Creek. 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-2
	The site with impaired benthic community did not have low DO concentrations

	Temporal Co-occurrence
	-3
	There was a normal seasonal trend to DO concentrations, yet lower DO concentrations did not correspond with low VSCI scores

	Casual Pathways
	-2
	Nutrient data are within normal range and do not indicate enrichment

	Stressor-Response Relationships from Other Field Studies
	-3
	All DO observations were within the low to no probability range for aquatic stress

	Stressor-Response Relationships from Laboratory Studies
	-3
	All DO observations were within Virginia’s Class III water quality standards

	Consistency of Evidence
	-3
	All available sources of evidence refute DO as the cause of impairment

	Sum
	-16
	



2. Reed Creek
Dissolved oxygen in Reed Creek ranged from 8.24 - 12.19 mg/L. The median dissolved oxygen value was 9.24mg/L (n=49) (Figure 16). Reed Creek at 4ARAB000.52 ranged from 8.28 - 12.19 mg/L with a median dissolved oxygen value of 8.91mg/L (n=32). Dissolved oxygen measurements at 4ARAB003.64 ranged from 8.27 – 12.08 mg/L with a median value of 9.46 mg/L (n=13). 4ARAB006.49 ranged from 9.24- 11.54 mg/L with a median DO value of 10.39 (n=2). All observations were above the WQS and in the no to low probability for aquatic stress. All lines of evidence refute DO as a stressor to the benthic community (Table 18).  
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Figure 16: DO data was within the no to low probability for aquatic stress categories in Reed Creek. 
Table 18: Causal analysis of DO as a potential stressor for Reed Creek. 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-3
	The DO in the upstream unimpaired site was within the same range as DO in the impaired sites

	Temporal Co-occurrence
	-3
	There was a normal seasonal trend to DO concentrations, yet lower DO concentrations did not correspond with low VSCI scores

	Causal Pathway
	-1
	TP and TN concentrations were generally within the low probability range for aquatic stress

	Symptoms
	-2
	The Hilsenhoff biotic index, which evaluates a community’s tolerance to organic pollution is not driving the low VSCI scores observed

	Stressor-Response Relationships from Other Field Studies
	-3
	All observations were within the low to no probability range for aquatic stress. 

	Stressor-Response Relationships from Laboratory Studies
	-3
	There were no violations of the WQS for Class III waters

	Consistency of Evidence
	-2
	Most evidence strongly refutes DO as a stressor. 

	Sum
	-17
	


3. UT Roanoke River
Dissolved oxygen in UT Roanoke River ranged from 7.84 - 13.1 mg/L. The median dissolved oxygen value was 9.96 mg/L (n=20) (Figure 17).  Most observations were within the no to low probability of stress, and all DO values were above the WQS. Most evidence refuted DO as a stressor to the aquatic community (Table 19).  
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Figure 17: Dissolved oxygen in UT Roanoke River ranged from low to medium probability for aquatic stress, but the median concentration was in the low probability for aquatic stress category. 
Table 19: Causal analysis of DO as a potential stressor for UT Roanoke River. 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-1
	At the impaired site, most DO observations were within the low to no probability range for aquatic stress

	Temporal Co-occurrence
	-3
	There was a normal seasonal trend to DO concentrations, yet lower DO concentrations did not correspond with low VSCI scores

	Causal Pathway
	-2
	TP and TN concentrations were generally within the low probability range for aquatic stress

	Symptoms
	-3
	The Hilsenhoff Biotic Index was not driving low VSCI scores

	Stressor-Response Relationships from Other Field Studies
	-1
	Most DO observations were within the low to no probability range for aquatic stress; however, several observations were within the medium category 

	Stressor-Response Relationships from Laboratory Studies
	-3
	There were no exceedances of Virginia’s Class III water quality standards

	Consistency of Evidence
	-2
	Most evidence refutes DO as a stressor to the community. 

	Sum
	-15
	



C. Total Phosphorus
1. Lynch Creek      
Total phosphorus ranged from 0 - 0.08 mg/L in Lynch Creek, and the median TP concentration was 0.02 mg/L (n=12) (Figure 18). The median value was within the low probability range for aquatic stress and below the EPA recommended TP criteria of 0.03656 mg/L for Ecoregion IX (USEPA, 2000). Although there was one elevated TP observation, most lines of evidence indicated that TP is a non-stressor (Table 20). 
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Figure 18: Total phosphorus concentrations for Lynch Creek were within the low to no probability for aquatic stress categories with one observation in the medium probability range. The median concentration was 0.02 mg/L. 

Table 20: Casual analysis of TP as a potential stressor in Lynch Creek
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-1
	The site with impaired benthic community did not have consistently elevated TP concentrations; however, there was one elevated TP concentration in the medium probability range for aquatic stress

	Temporal Co-occurrence
	-2
	The timing of high TP levels did not correspond to the timing of observed impairment in the benthic community

	Symptoms
	-3
	The % scraper metric was very low, indicating that nutrient enrichment is not fueling excess algal growth. The DO concentrations were also relatively high, indicating no nutrient enrichment.  

	Stressor-Response Relationships from other Field Studies
	-2
	All TP observations were within the low to no probability range for aquatic stress; however, there was one elevated TP observation within the medium probability range.

	Stressor-Response Relationships from Laboratory Studies
	-2
	Median TP observations were below the EPA recommended TP criteria for Ecoregion IX

	Consistency of Evidence
	-2
	All available sources of evidence generally refute TP as the cause of impairment

	Sum
	-12
	



2. Reed Creek
Total phosphorus ranged from 0 - 0.06 mg/L in Reed Creek with a median TP concentration of 0.02 mg/L (n=38) (Figure 19).  Reed Creek at 4ARAB000.52 had TP concentrations from 0 - 0.06 mg/L with a median TP concentration of 0.02 mg/L (n=12) (Figure 19). Total phosphorus concentrations at 4ARAB003.64 ranged from 0.01 – 0.04 mg/L with a median value of 0.02 mg/L (n=12). Reed Creek at 4ARAB006.49 had a median value of 0.02 mg/L (n=2). Total orthophosphate was collected at 4ARAB003.64 in 2012 but both values were below the detection limit or method quantification limit. Most observations were within the low to no probability for aquatic stress with 2 observations in the medium range. The median concentrations were below the recommended criterion for TP in ecoregion IX (USEPA, 2000).  Most lines of evidence weakly refute TP as a stressor to the benthic community (Table 21).
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Figure 19: Total phosphorus concentrations in Reed Creek were generally within the low to no probability for aquatic stress category. 
Table 21: Causal analysis of TP as a potential stressor in Reed Creek 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-1
	The TP observations were generally low at the impaired site; however, several elevated TP values were observed near the end of the summer. TP observations were consistently low at upstream unimpaired stations.

	Temporal Co-occurrence
	-2
	TP concentrations were higher in the summer months; however, there is no pattern between TP and VSCI scores. In fact, fall samples had a higher VSCI score than spring samples at 4ARAB000.52. 

	Stressor-Response Relationships from the Field
	1
	TP levels were lower at the unimpaired station and higher at the impaired station. 

	Symptoms
	-2
	The % scraper metric was one of the lowest parameters making up the VSCI metric for the majority of the samples, indicating that nutrient enrichment is not fueling excess algal growth. DO levels were also relatively high, indicating no nutrient enrichment.

	Stressor-Response Relationships from Other Field Studies
	1
	Most observations were within the low to no probability range for aquatic stress; however, there were two values in the medium probability range for aquatic stress 

	Stressor-Response Relationships from Laboratory Studies
	-2
	Median TP observations were below the EPA recommended TP criteria for Ecoregion IX

	Consistency of Evidence
	-1
	Most evidence refutes TP as a stressor

	Sum
	-6
	


3. UT Roanoke River
Total phosphorus ranged from 0 - 0.05 mg/L in UT Roanoke River, and the median TP concentration was 0.02 mg/L (n=14) (Figure 20). Dissolved and total ortho-phosphorus were collected at 4AXCN000.31 in 2015, yet all samples were below the method quantification limit. All observations were within the no to low probability except for one observation in the medium category. The median value was below the EPA recommended criterion for TP (EPA, 2000).  Most evidence refutes TP as a stressor to the aquatic community (Table 22). 
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Figure 20: Total phosphorus in UT Roanoke River was within the no to medium probability for aquatic stress categories and had a median concentration in the no probability for aquatic stress category. 
Table 22: Casual analysis of TP as a stressor in UT Roanoke River  
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-1
	Sites with impaired benthic community did not have consistently elevated TP concentrations; however, there was one elevated TP concentration in the medium probability range for aquatic stress

	Temporal Co-occurrence
	-2
	TP concentrations were higher in the summer months; however, there is no pattern between TP and VSCI scores. In fact, fall samples had a higher VSCI score than spring samples

	Symptoms
	0
	The % scraper metric was generally high except for a few samples. Two of the four most abundant taxa found were scrapers, indicating the possibility of nutrient driven algal abundance. However, DO levels were relatively high, indicating no nutrient enrichment.

	Stressor-Response Relationships from Other Field Studies
	-2
	Most observations were within the low to no probability range for aquatic stress; however, one observation was within the medium category 

	Stressor-Response Relationships from Laboratory Studies
	-2
	Median TP observations were below the EPA recommended TP criteria for Ecoregion IX

	Consistency of Evidence
	-2
	Most evidence refutes TP as a stressor to the community. 

	Sum
	-9
	



D. Total Nitrogen
1. Lynch Creek
      Total nitrogen ranged from 0.62 - 0.89 mg/L with a median of 0.76 mg/L (n= 12) (Figure 21). The median value was within the low probability range for aquatic stress, but was above the EPA recommended criterion of 0.69 mg/L for Ecoregion IX (USEPA, 2000). Ammonia was collected at Lynch Creek in 2005-2006, but all observations were below detection (detection limit of 0.04).  Total nitrite plus nitrate was also collected in 2005 and 2006 and had a median value of 0.54 mg/L (n=10; one value below detection limit).  Most lines of evidence indicate that TN is a non-stressor despite observations that are above background level (Table 23). 
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Figure 21: Total nitrogen concentrations in Lynch Creek were within the low probability for aquatic stress category. 
Table 23: Casual analysis of TN as a potential stressor for Lynch Creek
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-1
	The site with impaired benthic community did not have consistently elevated TN concentrations; however, the concentrations were above background conditions

	Temporal Co-occurrence
	-2
	The timing of impaired benthic conditions did not correspond with high levels of TN

	Symptoms
	-3
	The % scraper metric was very low, indicating that nutrient enrichment is not fueling excess algal growth. The DO concentrations were also relatively high, indicating no nutrient enrichment.  

	Stressor-Response Relationships from other Field Studies
	-2
	TN observations were within the low probability range for aquatic stress; however, there were several observations that were close to the medium threshold

	Stressor-Response Relationships from Laboratory Studies
	1
	Median TN levels were above the EPA recommended criteria for Ecoregion IX

	Consistency of Evidence
	-2
	Most available lines of evidence generally refute TN as the cause of impairment

	Sum
	-9
	



2. Reed Creek
Total nitrogen (TN) ranged from 0.14 - 0.69 mg/L with a median of 0.4 mg/L (n= 38) (Figure 22).  All samples were within the no to low probability range for aquatic stress, and the median was below the EPA recommended criterion of 0.69 mg/L for Ecoregion IX (USEPA, 2000). Total nitrogen at 4ARAB000.52 ranged from 0.21 - 0.52 mg/L with a median of 0.42 mg/L (n= 12) (Figure 22). At 4ARAB003.64, TN ranged from 0.2 – 0.69 mg/L with a median of 0.4 mg/L (n=12). At 4ARAB006.49, TN ranged from 0.14 – 0.17 mg/L with a median of 0.16 mg/L (n=2).  Total Kjeldahl nitrogen was collected at 4ARAB003.64 twice in 2012 and had a median concentration of 0.2 mg/L. 4ARAB006.49 had three TKN samples and had a concentration of 0.1 mg/L. Ammonia was collected at 4ARAB003.64 but was below the minimum detection limit and method quantification limit (0.04 mg/L). Dissolved and total nitrate were collected at 4ARAB003.64 in 2012 and had concentrations of 0.07 mg/L and 0.08 mg/L, respectively. Most lines of evidence strongly refute TN as a stressor to the benthic community (Table 24).
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Figure 22: Total nitrogen concentrations in Reed Creek were within the no to low probability for aquatic stress category. 
Table 24: Causal analysis of TN as a potential stressor for Reed Creek 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-2
	The TN observations were generally low at the upstream unimpaired site and the downstream impaired site

	Temporal Co-occurrence
	-2
	TP concentrations were higher in the summer months; however, there is no pattern between TN and VSCI scores. In fact, fall samples had a higher VSCI score than spring samples at 4ARAB000.52 


	Stressor-Response Relationships from the Field
	-3
	TN levels were similar in the impaired and unimpaired stations 

	Symptoms
	-2
	The % scraper metric was one of the lowest parameters in the VSCI score for most of the samples, indicating that algae scraping animals did not dominate the community. DO levels were also relatively high, indicating no nutrient enrichment.

	Stressor-Response Relationships from Other Field Studies
	-3
	All observations were within the low to no probability range for aquatic stress

	Stressor-Response Relationships from Laboratory Studies
	-3
	Median TN levels were below EPA recommended criteria for Ecoregion IX

	Consistency of Evidence
	-2
	Most evidence refutes TN as a stressor 

	Sum
	-17
	


3. UT Roanoke River
Total nitrogen ranged from 0.32 - 1.11 mg/L with a median of 0.45 mg/L (n= 14) (Figure 23). Most TN values were within the no to low probability range for aquatic stress; however, one sample was within the medium probability range. The median TN value was below the EPA recommended criterion for Ecoregion IX (USEPA, 2000). Total Kjeldahl nitrogen (TKN) was collected twice in 2015, with a median of 0.15 mg/L.  Total nitrate was also collected twice in 2015 with a median of 0.335 mg/L.  Dissolved nitrate was collected once in 2015 and had a concentration of 0.36 mg/L.  Total and dissolved nitrite were also collected in 2015 but were below method quantification limits (0.04 mg/L). Most lines of evidence weakly refute TN as a stressor to the aquatic community (Table 25). 
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Figure 23: Total nitrogen in UT Roanoke River ranged from no to low probability for aquatic stress categories, but one sample was within the medium probability range.
Table 25: Causal analysis of TN as a potential stressor for UT Roanoke River. 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-1
	Sites with impaired benthic community did not have consistently elevated TN concentrations; however, there was one elevated TNP concentration in the medium probability range for aquatic stress 

	Temporal Co-occurrence
	-2
	The timing of low VSCI scores did not correspond with high TN values

	Symptoms
	0
	The % scraper metric was generally high except for a few samples. Two of the four most abundant taxa found were scrapers, indicating the possibility of nutrient driven algal abundance. However, DO levels were relatively high, indicating no nutrient enrichment. 

	Stressor-Response Relationships from Other Field Studies
	-1
	Most observations were within the low to no probability range for aquatic stress; however, there was one observation that was in the medium probability range 

	Stressor-Response Relationships from Laboratory Studies
	-2
	Median TN values were below the EPA recommended criterion for Ecoregion IX

	Consistency of Evidence
	-2
	Most evidence weakly refute TN as a stressor

	Sum
	-8
	



E. Ionic Strength - Specific Conductivity
1. Lynch Creek      
Specific conductivity measurements in Lynch Creek ranged from 101 - 168 uS/cm (Figure 24). The median specific conductivity value was 148 uS/cm (n=15). Specific conductivity is within the no probability range for aquatic stress.  All lines of evidence strongly refute specific conductivity as a stressor to the benthic community (Table 26). 
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Figure 24: Specific conductivity data in Lynch Creek were within the no probability for aquatic stress category. 
Table 26: Causal analysis for specific conductivity as a potential stressor in Lynch Creek
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-2
	The site with impaired benthic community did not have elevated specific conductivity 

	Temporal Co-occurrence
	-3
	The timing of benthic impairments did not correspond with high levels of specific conductivity

	Causal Pathway
	-2
	Most dissolved ions were within low to no probability for aquatic stress categories 

	Stressor-Response Relationships from other Field Studies
	-3
	All observations were within the no probability range for aquatic stress or background condition. Observations were below the 500 us/cm threshold established in literature (Pond et al., 2008). 

	Consistency of Evidence
	-3
	All available sources of evidence strongly refute specific conductivity as the cause of impairment

	Sum
	-13
	



2. Reed Creek
Specific conductivity measurements in Reed Creek ranged from 19 - 52 uS/cm (Figure 25). The median specific conductivity value was 35 uS/cm (n=47).  All values were within the no probability for aquatic stress category. Specific conductivity measurements at 4ARAB000.52 ranged from 39 - 52 uS/cm (Figure 10). The median specific conductivity value was 43 uS/cm (n=15).  Specific conductivity ranged from 31- 37 at 4ARAB003.64 with a median value of 34 (n=12). 4ARAB006.49 had a median value of 20 (n=2). All lines of evidence refute specific conductivity as a stressor to the benthic community (Table 27). 
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Figure 25: Specific conductivity in Reed Creek was within the no probability for aquatic stress category. 

Table 27: Causal analysis of specific conductivity as a potential stressor for Reed Creek 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-3
	Specific conductivity was similar at the upstream unimpaired site and the downstream impaired sites. All observations were within background condition. 

	Temporal Co-occurrence
	-3
	There were no seasonal trends in specific conductivity that corresponded with the timing of benthic impairments 

	[bookmark: _Hlk34632720]Causal Pathway
	-2
	Most dissolved ions were within low to no probability for aquatic stress categories 

	Stressor-Response Relationships from the Field
	-3
	Specific conductivity was at background levels and did not vary between impaired and unimpaired sites

	Stressor-Response Relationships from Other Field Studies
	-3
	All observations were within the no probability for aquatic stress category. Observations were below the 500 us/cm threshold established in literature (Pond et al., 2008)

	Consistency of Evidence
	-3
	All evidence refutes specific conductivity as a stressor. 

	Sum
	-17
	


3. UT Roanoke River
Specific conductivity measurements in UT Roanoke River ranged from 62 - 155 uS/cm (Figure 26). The median specific conductivity value was 86.5 uS/cm (n=20). All specific conductivity measurements were within the no probability for aquatic stress category. All lines of evidence strongly refute specific conductivity as a stressor to the aquatic community (Table 28). 
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Figure 26: Specific conductivity for UT Roanoke River was within the no probability for aquatic stress category. 
Table 28: Causal analysis of specific conductivity as a potential stressor for UT Roanoke River
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-2
	The site with impaired benthic community did not have elevated specific conductivity

	Temporal Co-occurrence
	-3
	There were no seasonal trends in specific conductivity that corresponded with the timing of benthic impairments

	Causal Pathway
	-2
	Most dissolved ions were within low to no probability for aquatic stress categories 

	Stressor-Response Relationships from Other Field Studies
	-3
	All observations were within the no probability for aquatic stress category. Observations were below the 500 us/cm threshold established in literature (Pond et al., 2008).

	Consistency of Evidence
	-3
	All evidence strongly refutes specific conductivity as a stressor to the aquatic community

	Sum
	-13
	




F. Ionic Strength - Total Dissolved Solids
1. Lynch Creek
Total dissolved solids measurements in Lynch Creek ranged from 90 - 109 mg/L (Figure 27). The median TDS value was 98 mg/L (n=12). TDS values were below the EPA recommended threshold of 500 mg/L and within the no probability for aquatic stress category.  All lines of evidence strongly refuted TDS as a stressor to the benthic community (Table 29). 
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Figure 27: Total dissolved solids in Lynch Creek ranged from low to no probability for aquatic stress. 

Table 29: Causal analysis of TDS as a potential stressor for Lynch Creek 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-2
	The site with impaired benthic community did not have elevated TDS concentrations 

	Temporal Co-occurrence
	-3
	The timing of benthic impairments did not correspond with high levels of TDS

	Causal Pathway
	-2
	Most dissolved ions were within low to no probability for aquatic stress categories

	Stressor-Response Relationships from other Field Studies
	-3
	All observations were within the no to low probability for aquatic stress category 

	Stressor-Response Relationships from Laboratory Studies
	-3
	All observations were below the EPA threshold of 500 mg/L

	Consistency of Evidence
	-3
	All available sources of evidence strongly refute TDS as the cause of impairment

	Sum
	-16
	



2. Reed Creek
Total dissolved solids measurements in Reed Creek ranged from 23 - 45 mg/L (Figure 28). The median TDS value was 35.5 mg/L (n=24). TDS levels were below the EPA recommended threshold of 500 mg/L and within the no probability for aquatic stress range. All lines of evidence indicate that TDS is not a stressor to the benthic community (Table 30). 
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Figure 28: Total dissolved solids in Reed Creek were within the no probability for aquatic stress category. 
Table 30: Causal analysis of TDS as a potential stressor in Reed Creek 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-3
	TDS observations did not vary between impaired and unimpaired sites and were within background conditions

	Temporal Co-occurrence
	-3
	The timing of benthic impairments did not correspond with high levels of TDS

	[bookmark: _Hlk34634697]Causal Pathway
	-2
	Most dissolved ions were within low to no probability for aquatic stress categories

	Stressor-Response Relationships from the Field
	-3
	All observations were within background conditions and did not vary between impaired and unimpaired sites

	Stressor-Response Relationships from Other Field Studies
	-3
	All observations were within the no probability for aquatic stress range

	Stressor-Response Relationships from Laboratory Studies
	-3
	All observations were below the EPA threshold of 500 mg/L

	Consistency of Evidence
	-3
	All evidence refutes TDS as a stressor. 

	Sum
	-20
	


3. UT Roanoke River
Total dissolved solids measurements in UT Roanoke River ranged from 51 - 90 mg/L (Figure 29). The median TDS value was 63 mg/L (n=13). TDS values were below the EPA recommended threshold of 500 mg/L and within the no probability for aquatic stress range. All lines of evidence strongly refute TDS as a stressor to the aquatic community (Table 31). 
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Figure 29: Total dissolved solids concentrations in UT Roanoke River were within the no probability for aquatic stress category. 

Table 31: Casual analysis of TDS as a potential stressor for UT Roanoke River
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-2
	The site with impaired benthic conditions did not have elevated TDS concentrations 

	Temporal Co-occurrence
	-3 
	The timing of benthic impairments did not correspond with high levels of TDS

	Causal Pathway
	-2
	Most dissolved ions were within low to no probability for aquatic stress categories

	Stressor-Response Relationships from Other Field Studies
	-3
	All observations were within background condition and in the no probability for aquatic stress category

	Stressor-Response Relationships from Laboratory Studies
	-3
	All observations were below the EPA threshold of 500 mg/L 

	Consistency of Evidence
	-3
	All evidence strongly refutes TDS as a stressor to the aquatic community

	Sum
	-16
	



G. Ionic Strength - Dissolved Sulfate
1. Lynch Creek
Dissolved sulfate measurements in Lynch Creek ranged from 2.76 - 7.59 mg/L (Figure 30). The median sulfate concentration was 4.03 mg/L (n=12). Sulfate concentrations were within the no probability for aquatic stress range. All evidence refutes dissolved sulfate as a stressor to the benthic community (Table 32). 
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Figure 30: Dissolved sulfate in Lynch Creek was within the no probability for aquatic stress category. 
Table 32: Causal analysis for dissolve sulfate as a potential stressor for Lynch Creek 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-2
	The site with impaired benthic community did not have elevated dissolved sulfate concentrations

	Temporal Co-occurrence
	-3
	The timing of benthic impairments did not correspond with high levels of dissolved sulfate

	Stressor-Response Relationships from other Field Studies
	-3
	All observations were within the no probability for aquatic stress category or background condition 

	Consistency of Evidence
	-3
	All available sources of evidence strongly refute dissolved sulfate as the cause of impairment

	Sum
	-11
	



2. Reed Creek
Dissolved sulfate measurements in Reed Creek ranged from 0.63 - 1.89 mg/L (Figure 31). The median sulfate value was 1.12 mg/L (n=36). Dissolved sulfate measurements at 4ARAB000.52 ranged from 0.77 - 1.89 mg/L and had a median value of 1.6 mg/L (n=12). Dissolved sulfate ranged from 0.63 – 1.74 mg/L at 4ARAB003.64 and had a median value of 0.98 mg/L (n=12).  All dissolved sulfate measurements were within the no probability range for aquatic stress. All lines of evidence refute dissolved sulfate as a stressor to the benthic community (Table 33). 
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Figure 31: Dissolved sulfate concentrations in Reed Creek were within the no probability for aquatic stress category. 
Table 33: Causal analysis of dissolved sulfate as a potential stressor for Reed Creek 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-3
	Dissolved sulfate observations did not vary between impaired and unimpaired sites and were within background conditions

	Temporal Co-occurrence
	-3
	The timing of benthic impairments did not correspond with high levels of dissolved sulfate

	Stressor-Response Relationships from the Field
	-3
	All observations were within background conditions and did not vary between impaired and unimpaired sites

	Stressor-Response Relationships from Other Field Studies
	-3
	All observations were within the no probability for aquatic stress category

	Consistency of Evidence
	-3
	All evidence refutes dissolved sulfate as a stressor 

	Sum
	-15
	



3. UT Roanoke River
 	Dissolved sulfate measurements in UT Roanoke River ranged from 1.04 - 3.46 mg/L (Figure 32). The median sulfate value was 1.75 mg/L (n=13). All measurements were within the no probability for aquatic stress range. All lines of evidence strongly refute dissolved sulfate as a stressor to the aquatic community (Table 34).  
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Figure 32: Dissolved sulfate concentrations in UT Roanoke River were within the no probability for aquatic stress category. 

Table 34: Causal analysis of dissolved sulfate as a potential stressor for UT Roanoke River
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-2
	The site with impaired benthic community did not have elevated dissolved sulfate concentrations 

	Temporal Co-occurrence
	-3
	The timing of benthic impairments did not correspond with elevated sulfate levels 

	Stressor-Response Relationships from Other Field Studies
	-3
	All observations were within the no probability for aquatic stress category

	Consistency of Evidence
	-3
	All evidence strongly refutes TDS as a stressor to the aquatic community

	Sum
	-11
	



H. Ionic Strength - Dissolved Chloride
1. Lynch Creek 
Dissolved chloride measurements in Lynch Creek ranged from 5.35 - 8.93 mg/L (Figure 33). The median chloride value was 8.52 mg/L (n=12) and within the no probability for aquatic stress category. Most lines of evidence refute dissolved chloride as a stressor to the benthic community (Table 35). 
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Figure 33: Dissolved chloride concentrations in Lynch Creek were within the no probability for aquatic stress category. 

Table 35: Causal analysis for dissolved chloride as a potential stressor in Lynch Creek 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-2
	The site with impaired benthic community did not have elevated dissolved chloride concentrations 

	Temporal Co-occurrence
	-3
	The timing of benthic impairments did not correspond with high levels of dissolved chloride 

	Stressor-Response Relationships from other Field Studies
	-3
	All observations were within the no probability for aquatic stress category or background condition 

	Causal Pathways
	1
	The % urban land use in the watershed indicates that there could be stressors associated with urban areas, like road salt usage

	Consistency of Evidence
	-2
	Most available sources of evidence refute dissolved chloride as the cause of impairment

	Sum
	-9
	



2. Reed Creek
Dissolved chloride measurements in Reed Creek ranged from 1.75 - 2.69 mg/L (Figure 34). The median chloride value was 2.04 mg/L (n=36). Dissolved chloride measurements at 4ARAB000.52 ranged from 2.02 - 2.66 mg/L and had a median chloride value of 2.29 mg/L (n=12). Dissolved chloride concentrations ranged from 1.75 – 2.69 mg/L at 4ARAB003.64 with a median of 1.95 mg/L (n=12). All dissolved chloride measurements were within the no probability for aquatic stress range. All lines of evidence refute dissolved chloride as a potential stressor to the benthic community (Table 36). 
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Figure 34: Dissolved chloride concentrations in Reed Creek were within the no probability for aquatic stress category. 

Table 36: Causal analysis for dissolved chloride as a potential stressor in Reed Creek
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-3
	Dissolved chloride observations did not vary between impaired and unimpaired sites and were within background conditions

	Temporal Co-occurrence
	-3
	The timing of benthic impairments did not correspond to elevated levels of dissolved chloride

	Stressor-Response Relationships from the Field
	-3
	All observations were within background conditions and did not vary between impaired and unimpaired sites

	Stressor-Response Relationships from Other Field Studies
	-3
	All observations were within the no probability for aquatic stress category

	Consistency of Evidence
	-3
	All evidence refutes dissolved chloride as a stressor

	Sum
	-15
	



3. UT Roanoke River
Dissolved chloride measurements in UT Roanoke River ranged from 3.89 - 5.56 mg/L (Figure 35). The median chloride value was 5.12 mg/L (n=13). All chloride measurements were within the no probability for aquatic stress range. Most evidence strongly refutes dissolved chloride as a stressor to the aquatic community (Table 36). 
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Figure 35: Dissolved chloride concentrations in UT Roanoke River were within the no probability for aquatic stress category. 
Table 36: Causal analysis of dissolved chloride as a potential stressor for UT Roanoke River 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-2
	The site with impaired benthic community did not have elevated dissolved chloride concentrations

	Temporal Co-occurrence
	-3
	The timing of benthic impairments did not correspond with elevated chloride levels

	Causal Pathway
	1
	The percent urbanization indicates a potential for urban stressors like chlorides from road salts

	Stressor-Response Relationships from Other Field Studies
	-3
	All observations were within the no probability for aquatic stress category.

	Consistency of Evidence
	-2
	Most evidence refutes dissolved chloride as a stressor to the benthic community


	Sum
	-13
	



I. Ionic Strength - Dissolved Sodium
1. Lynch Creek
 	Dissolved sodium measurements in Lynch Creek ranged from 3.15 - 5.08 mg/L (Figure 36). The median sodium value was 4.77 mg/L (n=12). Dissolved sodium was within the no probability for aquatic stress category. Most lines of evidence refute dissolved sodium as a stressor to the benthic community (Table 38). 
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Figure 36: Dissolved sodium concentrations in Lynch Creek were within the no probability for aquatic stress category. 
Table 38: Causal analysis of dissolved sodium as a potential stressor for Lynch Creek
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-2
	The site with impaired benthic community did not have elevated dissolved sodium concentrations 

	Temporal Co-occurrence
	-3
	The timing of benthic impairments did not correspond with high levels of dissolved sodium

	Stressor-Response Relationships from other Field Studies
	-3
	All observations were within the no probability for aquatic stress category 

	Causal Pathways
	1
	The % urban land use in the watershed indicates that there could be stressors associated with urban areas, like road salt usage

	Consistency of Evidence
	-2
	Most available sources of evidence refute dissolved sodium as the cause of impairment

	Sum
	-9
	



2. Reed Creek
Dissolved sodium measurements in Reed Creek ranged from 1.54 - 2.22 mg/L (Figure 37). The median sodium value was 1.9 mg/L (n=36). All measurements were within the no probability of aquatic stress range. Dissolved sodium at 4ARAB000.52 ranged from 1.74 - 2.22 mg/L, and the median value was 2.12 mg/L (n=12).  Dissolved sodium concentrations ranged between 1.54 – 2.16 mg/L at 4ARAB003.64 with a median value of 1.87 (n=12).  All lines of evidence strongly refute dissolved sodium as a stressor to the benthic community (Table 39).  
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Figure 37: Dissolved sodium concentrations in Reed Creek were within the no probability for aquatic stress category. 
Table 39: Causal analysis of dissolved sodium as a potential stressor for Reed Creek
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-3
	Dissolved sodium observations did not vary between impaired and unimpaired sites and were within background conditions

	Temporal Co-occurrence
	-3
	The timing of benthic impairments did not correspond to elevated sodium concentrations

	Stressor-Response Relationships from the Field
	-3
	All observations were within background conditions and did not vary between impaired and unimpaired sites 

	Stressor-Response Relationships from Other Field Studies
	-3
	All observations were within the no probability for aquatic stress category

	Consistency of Evidence
	-3
	All evidence refutes dissolved sodium as a stressor 

	Sum
	-15
	


3. UT Roanoke River
 	Dissolved sodium measurements in UT Roanoke River ranged from 2.1 - 2.74 mg/L (Figure 38). The median sodium value was 2.55 mg/L (n=13). All measurements were within the no probability for aquatic stress range. Most evidence strongly refutes dissolved sodium as a stressor to the aquatic community (Table 40). 
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Figure 38: Dissolved sodium concentrations in UT Roanoke River were within the no probability for aquatic stress category. 
Table 40: Causal analysis of dissolved sodium as a potential stressor for UT Roanoke River
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-2
	The site with benthic impairment did not have elevated sodium concentrations

	Temporal Co-occurrence
	-3
	The timing of benthic impairments did not correspond to elevated sodium concentrations

	Causal Pathway
	1
	The percent urbanization in the watershed indicates a potential for urban stressors like road salts

	Stressor-Response Relationships from Other Field Studies
	-3
	All observations were within the no probability for aquatic stress category

	Consistency of Evidence
	-2
	Most evidence strongly refutes dissolved sodium as a stressor to the aquatic community

	Sum
	-9
	



J. Temperature
1. Lynch Creek
Temperature in Lynch Creek ranged from 6.33 - 24.91° C (Figure 39). The median temperature was 17.8° C (n=15).  All temperatures were below the water quality standard of 32°C. Most evidence refutes temperature as a stressor to the benthic community (Table 41). 
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Figure 39: All temperature observations in Lynch Creek were below the water quality standard of 32° C.

Table 41: Causal analysis of temperature as a potential stressor for Lynch Creek 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-2
	The site with impaired benthic community did not have elevated water temperatures  

	Temporal Co-occurrence
	-3
	The timing of benthic impairment did not correspond with high temperatures 

	Causal Pathways
	1
	High % urban area in the watershed and little riparian tree cover could contribute to elevated temperatures 

	Stressor-Response Relationships from Laboratory Studies
	-3
	No violations of Virginia’s Class III WQS for temperature

	Consistency of Evidence
	-2
	Most available sources of evidence refute temperature as the cause of impairment 

	Sum
	-9
	



2. Reed Creek
Temperature in Reed Creek ranged from 6.14 - 22.96°C (Figure 40). The median temperature was 16.32°C (n=47). 4ARAB000.52 had temperatures that ranged from 6.14 - 22.96°C with a median temperature value of 18.35°C (n=15). Water temperature at 4ARAB003.64 ranged from 6.92 – 21.99°C and had a median value of 15.95°C. All temperature observations were below the water quality standard of 32 °C. All lines of evidence strongly refute temperature as a stressor to the benthic community (Table 42). 
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Figure 40: Temperature in Reed Creek was below the water quality standard of 32°C.  

Table 42: Causal analysis of temperature as a potential stressor for Reed Creek
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-3
	The sites with impaired benthic community did not have elevated temperatures

	Temporal Co-occurrence
	-3
	The timing of benthic impairments did not correspond with elevated temperatures

	Stressor-Response Relationships from Laboratory Studies
	-3
	No exceedances of Class III WQS 

	Consistency of Evidence
	-3
	All lines of evidence refute temperature as a stressor

	Sum
	-12
	


3. UT Roanoke River
Temperature in UT Roanoke River ranged from 4.21 - 24.91°C (Figure 41). The median temperature was 17.13°C (n=20). All temperature measurements were below the water quality standard of 32°C. All lines of evidence strongly refute temperature as a stressor (Table 43). 
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Figure 41: Temperature in UT Roanoke River was below the water quality standard of 32°C
Table 43: Causal analysis of water temperature as a potential stressor for UT Roanoke River. 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-2
	The site with impaired benthic community did not have elevated temperatures

	Temporal Co-occurrence
	-3
	The timing of benthic impairments did not correspond with elevated temperatures

	Stressor-Response Relationships from Laboratory Studies
	-3
	No exceedances of the temperature WQS for Class III waters

	Consistency of Evidence
	-3
	All lines of evidence strongly refute temperature as a most probable stressor  

	Sum
	-11
	



K. Metals CCU
1. Lynch Creek 
	There were no metals data collected on Lynch Creek. 
2. Reed Creek
Metals data, specifically, dissolved thallium, antimony, silver, nickel, copper, magnesium, zinc, calcium, manganese, iron, lead, cadmium, beryllium, arsenic, chromium, selenium, aluminum, and barium were collected on 3/14/2012 at 4ARAB003.64. The metals CCU value was 0.4406, which is within the no probability for aquatic stress category. There were no exceedances of the chronic or acute metals standards for individual metals. Mercury in the water column was sampled in the spring of 2012. Replicate samples were taken; one sample was below the detection limit (0.78 ng/L), and the other was 2.7 ng/L. All lines of evidence refute metals as a stressor to the benthic community (Table 44). 

Table 44: Causal analysis of metals CCU and individual metals as potential stressors for Reed Creek
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-1
	Limited data was available, but metals concentrations were low at locations of low VSCI score

	Temporal Co-occurrence
	-1
	Limited data but low metals CCU value

	Stressor-Response Relationships from Other Field Studies
	-3
	All observations are within the no probability for aquatic stress category

	Stressor-Response Relationships from Laboratory Studies
	-3
	No exceedances of individual acute or chronic water quality criteria

	Consistency of Evidence
	-2
	Limited data but all evidence refutes metals as the stressor

	Sum
	-10
	



3. UT Roanoke River
Metals data were collected at UT Roanoke River as a part of the probabilistic program including,  dissolved thallium, antimony, silver, nickel, copper, magnesium, zinc, calcium, manganese, iron, lead, cadmium, beryllium, arsenic, chromium, selenium, aluminum, and barium. The median metals CCU was 0.43 (n=1), which is in the no probability for aquatic stress category. No individual metals exceeded acute or chronic water quality criteria, and the metals CCU value was within the no probability for aquatic stress category. All lines of evidence strongly refute metals as a stressor to the aquatic community; however, there were few data points available (Table 45). 
Table 45: Causal analysis for metals CCU and individual metals as a potential stressor for UT Roanoke River
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-1
	Limited data was available, but metals concentrations were low at locations of low VSCI score

	Temporal Co-occurrence
	-1
	Limited data, but low metals CCU value

	Stressor-Response Relationships from Other Field Studies
	-3
	Metals CCU was in the no probability for aquatic stress category

	Stressor-Response Relationships from Laboratory Studies
	-3
	No individual metals exceeded any chronic or acute water quality criteria

	Consistency of Evidence
	-2
	All evidence strongly refutes metals as a stressor to the aquatic community; however, there was limited data available

	Sum
	-10
	



[bookmark: possible-stressors]L. Ionic Strength - Dissolved Potassium
1. Reed Creek
 	Dissolved potassium measurements in Reed Creek ranged from 1.21 - 1.88 mg/L (Figure 41). The median potassium value was 1.46 mg/L (n=36). 4ARAB000.52 had potassium concentrations that ranged from 1.33 - 1.88 mg/L with a median value of 1.62 mg/L (n=12). Dissolved potassium at 4ARAB003.64 ranged from 1.21 – 1.84 mg/L with a median of 1.46 mg/L (n=12). All dissolved potassium measurements were within the low probability of aquatic stress category. The lines of evidence weakly refute dissolved potassium as a stressor to the benthic community (Table 46). 
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Figure 41: Dissolved potassium in Reed Creek was within the low probability for aquatic stress category. 
Table 46: Causal analysis of dissolved potassium as a potential stressor for Reed Creek
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	-1
	Dissolved potassium did not vary between impaired sites but was above background conditions

	Temporal Co-occurrence
	-1
	There was some slight seasonal variation, where dissolved potassium values were higher in the summer months, possibly due to fertilizer application, but this did not correspond to low VSCI scores 

	Stressor-Response Relationships from Other Field Studies
	-1
	Dissolved potassium concentrations were within the low probability for aquatic stress category

	Consistency of Evidence
	-1
	Evidence weakly refutes dissolved potassium as a stressor

	Sum
	-4
	


M. Hydromodification
1. Reed Creek
	There are no impoundments on Reed Creek and the percent impervious surfaces was 2.23%, which is below literature values of observed effects to the aquatic community. Other stressors associated with urban areas, like salts were within normal ranges. 
4.1.2 Possible Stressors:
A. Hydromodification
1. Lynch Creek      
There are no impoundments on Lynch Creek; however, Lynch Creek runs through an urbanized area with a modified channel. The urban stream syndrome is a term coined to describe physical, hydrological and chemical characteristics of urban streams. Studies have found that many macroinvertebrate communities have an apparent threshold to urbanization/impervious surfaces; where stream basins with >10 % urbanization tend to lose sensitive taxa (Walsh et al., 2005; Wang and Lyons, 2003). Although a universal threshold cannot be determined due to variation in natural conditions, most studies find degradation in macroinvertebrate communities between 8-15% impervious cover (Bazinet et al., 2010).  Urban streams tend to be more ‘flashy’, meaning they have more frequent large flow events (Walsh et al., 2005). Watersheds with more impervious surfaces allow for greater runoff. Urban areas often trap and divert stormwater directly into streams through storm drains without allowing for infiltration.  Flashier systems can flush the stream of important resources, like organic matter, and enhance the rate of bank erosion. There are no USGS gages on Lynch Creek to observe the hydrograph during rain events; however, given the percent urban area (~20% impervious surfaces) in the watershed, it is likely that Lynch Creek suffers from symptoms of the urban stream syndrome. Although there is evidence that indicates that hydromodification due to the surrounding urban area may be a stressor to the benthic community, the chemical and physical data do not strongly support this as a stressor (Table 47). 
	Hydromodification can be considered a contributing factor to other stressors in Lynch Creek, specifically for sediment and alterations to habitat. Water running off impervious surfaces at high velocities can contribute to instream and streambank erosion. This high velocity water can displace substrate and alter stream habitats. Runoff from urban areas, from either the landscape or direct pipes also bring excess sediment, nutrients and other toxic chemicals that run straight into a stream rather than infiltrating into the soil.   
Table 47: Causal analysis of hydromodification as a potential stressor for Lynch Creek 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	1
	Sites with impaired benthic community were located in areas of high urbanization, yet there is no data on Lynch Creek upstream where there is less urbanization 

	Temporal Co-occurrence
	1
	VSCI scores were lower in spring when more runoff and higher flows are generally present

	Causal Pathways
	1
	High % urban area often associated with changes in flow regime

	Stressor-Response Relationships from Other Field Studies
	3
	Literature indicates a potential threshold between 8-15% impervious surfaces

	Analogous stressors
	-2
	Ions and other surrogates for urbanization are not elevated

	Consistency of Evidence
	0
	Evidence is mixed 

	Sum
	3
	


2. UT Roanoke River
There are no impoundments on UT Roanoke River; however, it runs through an urbanized area. UT Roanoke River experiences similar condition to those described above as the urban stream syndrome. There are no USGS gages on UT Roanoke River to observe the hydrograph during rain events; however, given the percent impervious area (11%) in the watershed, it is likely that UT Roanoke River suffers from symptoms of the urban stream syndrome. The lines of evidence were mixed between weakly refuting and supporting hydromodification as a potential stressor (Table 48). Therefore, we categorized hydromodification from the surrounding urban land use as a possible stressor. Similar to Lynch Creek, hydromodification can be considered a contributing factor to higher rates of sedimentation in UT Roanoke River. 
Table 48: Causal analysis of hydromodification due to urbanization as a potential stressor for UT Roanoke River
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	1
	Low VSCI scores in areas of high urbanization, but there is limited data

	Temporal Co-occurrence
	1
	VSCI scores were lower in spring when more runoff and higher flows are generally present

	Causal Pathway
	1
	The percent urbanization indicates a potential for urban stressors

	Stressor-Response Relationships from Other Field Studies
	2
	Literature suggests a potential threshold between 8-15% impervious surfaces

	Analogous Stressors
	-2
	Ions and other stressors common in urbanized areas do not indicate stress

	Consistency of Evidence
	0
	Evidence was mixed   

	Sum
	3
	



B. Ionic Strength - Dissolved Potassium
1. Lynch Creek
 	Dissolved potassium measurements in Lynch Creek ranged from 1.78 - 2.58 mg/L (Figure 42). The median potassium value was 2.12 mg/L (n=12). Potassium values were within the low to medium probability for aquatic stress range. Potassium is a crucial nutrient for organisms to grow and is often used in fertilizers to stimulate plant growth. However, similar to TN and TP, excessive concentrations can result in an abundance of algae and plant matter. Eutrophication can occur in appropriate conditions and result in low oxygen environments. Interestingly, dissolved oxygen levels, TN and TP were all within normal ranges; however, potassium concentrations are higher than expected. The lines of evidence weakly supported dissolved potassium as a stressor (Table 49). Therefore, we consider potassium as a possible stressor to the aquatic community. 
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Figure 42: Dissolved potassium concentrations in Lynch Creek were within the low to medium probability for aquatic stress range. The median concentration was within the medium probability for aquatic stress category. 

Table 49: Causal analysis of dissolve potassium as potential stressor. 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	1
	Sites with impaired benthic community had elevated dissolved potassium concentrations   

	Temporal Co-occurrence
	-1
	Higher potassium levels were generally observed in the summer, while spring VSCI scores were lower

	Stressor-Response Relationships from Other Field Studies
	2
	Potassium levels were within the medium probability for aquatic stress category

	Consistency of Evidence
	1
	Evidence is weak but generally supports dissolved potassium as a possible stressor

	Sum
	3
	



2. UT Roanoke River
Dissolved potassium measurements in UT Roanoke River ranged from 1.23 - 2.25 mg/L (Figure 43). The median potassium value was 1.53 mg/L (n=13). Dissolved potassium measurements were within the low to medium probability for aquatic stress range. Evidence supporting dissolved potassium as a potential stressor was weak (Table 50). Therefore, we consider dissolved potassium a possible stressor. 
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Figure 43: Dissolved potassium concentrations in UT Roanoke River were within the low to medium probability for aquatic stress categories. 
Table 50: Causal analysis of dissolved potassium as a potential stressor for UT Roanoke River 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	1
	Sites with low VSCI scores had potassium levels in the medium probability for aquatic stress category

	Temporal Co-occurrence
	-1
	Higher potassium levels were generally observed in the summer, while spring VSCI scores were lower

	Stressor-Response Relationships from Other Field Studies
	2
	Most observations were within the low to no probability for aquatic stress; however, there were a few observations that were in the medium probability category


	Consistency of Evidence
	1
	Evidence is weak but generally supports potassium as a possible stressor

	Sum
	3
	




[bookmark: probable-stressors]C. Sediment
1. UT Roanoke River
	TSS and turbidity were sampled once in UT Roanoke River on 5/12/2015. The TSS sample was 4 mg/L (n=1), and turbidity was 3.1 NTU (n=1). UT Roanoke River total habitat scores ranged from 101 – 134, and the median value was 120.5 (n=8) (Figure 44). Total habitat scores were within the low to high probability for aquatic stress range. The median score was in the medium probability range.
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Figure 44: Total habitat ranged from low to high probability for aquatic stress. See Figure 5 for stress category legend. 
 	Further analysis of the individual metrics (scored 1-20) that make up the qualitative total habitat score are shown in the heatmap below (Table 50). Darker colors indicate lower habitat metric scores. Individual habitat metrics indicate poor to marginal riparian condition and marginal to sub-optimal instream habitat conditions. Low habitat scores for the metrics of riparian vegetation, bank vegetation, and banks indicate that the riparian area lacks vegetation, which contributes to bank erosion and instream sediment loads. Low habitat scores for the metrics of sediment and embeddedness indicate that instream conditions consist of excess sediment, limiting benthic macroinvertebrate habitat.
Table 50: Qualitative habitat measurements taken during biological monitoring. The lighter red colors represent habitat scores that are optimal or suboptimal and progressively darker red colors represent marginal or poor habitat scores.
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       Quantitative habitat data was collected at UT Roanoke River, which allows VADEQ to calculate the Log Relative Bed Stability (LRBS) index, percent fines, and embeddedness. The embeddedness at 4AXCN000.31 was 63% and 40% of the substrate was considered fines and sands. UT Roanoke River had a median LRBS score of -0.69 (Figure 45). Except for the LRBS score and TSS and turbidity values, all lines of evidence weakly support sediment as a potential stressor (Table 51). Given the improvement in the benthic community and the relative habitat and causal analysis scores compared to Lynch and Reed Creek, we have identified sediment as a potential stressor. The VSCI scores indicate improvement in UT Roanoke, therefore DEQ will collect more data and pursue delisting the impairment on this stream rather than develop a TMDL for a possible stressor. 
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Figure 45: LRBS data was in the low probability for aquatic stress category for UT Roanoke River. 

Table 51: Causal Analysis of sediment as a potential stressor for UT Roanoke River. 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	2
	The site with impaired benthic community had low habitat scores and high embeddedness

	Temporal Co-occurrence
	2
	The two lowest VSCI scores were collected with the two lowest habitat scores

	Causal Pathways
	2
	Habitat scores for the riparian area were very low, leading to increased erosion and poor instream habitat due to excess sedimentation

	Symptoms
	2
	The most abundant benthic macroinvertebrates were filterers and collector, which thrive in sediment rich environments

	Stressor-Response Relationships from the Field
	-1
	TSS and turbidity data were not elevated 

	Stressor-Response Relationships from Other Field Studies
	2
	Habitat scores were within the medium probability for aquatic stress range

	Analogous Stressors
	-1
	LRBS is within the low probability for aquatic stress range.

	Consistency of Evidence
	1
	Most evidence supports sediment as a stressor to the aquatic community

	Sum
	9
	



4.1.2 Probable Stressors:
A. Sediment
1. Lynch Creek
 	Total suspended solids (TSS) were collected at Lynch Creek during 2005-2006 with a median value of 5 mg/L (n=9). Four TSS measurements were below the detection limit (3 mg/L), and the TSS values ranged from 3 mg/L- 61 mg/L. Turbidity was also collected in Lynch Creek between 2005-2006. Turbidity ranged from 2.2 NTU – 8.8 NTU and had a median concentration of 4.23 NTU (detection limit 0.1 NTU)(n=11).  
Lynch Creek total habitat scores ranged from 76 - 114 and the median value was 88 (n=6) (Figure 46). Most observations were within the medium to high probability for aquatic stress category, and the median value was within the high category. 
[image: C:/Users/ykd89299.COV/AppData/Local/Temp/Rtmp2LagAg/file1f1c76fb209c_files/figure-docx/unnamed-chunk-6-1.png]
Figure 46: Total Habitat scores in Lynch Creek were within the high to medium probability for aquatic stress with a medium score in the high stressor category. 
[bookmark: _Hlk34659472][bookmark: _Hlk34659542]Further analyses of the individual metrics (scored 1-20) that make up the qualitative total habitat score are presented in the heatmap table below (Table 52). Darker colors indicate lower habitat metric scores. Individual habitat metrics indicate poor to marginal riparian condition and marginal to sub-optimal instream habitat conditions. Since portions of Lynch Creek run through the Town of Altavista, many of the banks are urbanized or mowed down to the stream to allow for public access. Biologist observations indicate that the banks are grass at some points with few large trees, and portions of the stream are channelized. Poor riparian condition is likely a contributing factor to the benthic impairment, because a lack of riparian vegetation allows increased erosion and instream sediment loads. Because of the low riparian vegetation observations, we conducted a riparian land use analysis below in the contributing factors section.
[bookmark: _Hlk34659647]Habitat metrics that describe instream habitat indicate an excess of sediment in the stream channel. Scores for embeddedness, the amount of sediment covering the rock substrate, ranged from 6 to 12, which is in the marginal to sub-optimal range. Scores for sediment ranged from 7 to 12, which is in the marginal to sub-optimal range, as well.  
Table 52: Qualitative habitat measurements taken during biological monitoring at Lynch Creek. The lighter red colors represent habitat scores that are optimal or suboptimal and progressively darker red colors represent marginal or poor habitat scores.
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       	Quantitative habitat data was collected at Lynch Creek, which allows VADEQ to calculate the Log Relative Bed Stability (LRBS) index, percent fines, and embeddedness. Lynch Creek had a median LRBS score of -0.84 (Figure 47).  Lynch Creek had an embeddedness score of 74% and 40% of the substrate was considered sand or fine sediment. Most evidence strongly supports sediment as a stressor to the benthic community (Table 53). 
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Figure 47: LRBS was collected once at Lynch Creek and was in the low probability for aquatic stress category. 

Table 53: Causal analysis of sediment as a potential stressor for Lynch Creek 
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	2
	The site with impaired benthic community had low total habitat scores and high embeddedness  

	Temporal Co-occurrence
	2
	VSCI scores were lower in the spring when runoff typically brings higher sediment loads

	Casual Pathways
	1
	Riparian zone analysis indicates that the lack of forested riparian area could be contributing to sediment in stream, and LRBS analysis shows high embeddedness

	Symptoms
	3
	%scrapers, which need a clean substrate to thrive, were low, and the most dominant taxa were typically filterers and collectors, which thrive in higher sediment conditions

	Stressor-Response Relationships from Field studies 
	1
	TSS and Turbidity measurements were within a normal range. However, samples were likely collected during base flow and these parameters are more indicative of stress when elevated at high flow. 

	Stressor-Response Relationships from Other Field Studies
	3
	Habitat scores were within the high probability for aquatic stress category

	Analogous Stressors
	1
	LRBS score is within the normal range, yet forested riparian coverage is below the optimal level

	Consistency of Evidence
	2
	Evidence generally supports that sediment is the most probable stressor  

	Sum
	15
	



Contributing Factors

The riparian zone is considered the interface between land and a river or stream. Riparian buffers that remain intact with little human disturbance provide shading, habitat, and food resources to aquatic biota as well as stabilize stream banks and prevent the transport of excess sediment and nutrients. Studies have found that the optimal riparian buffer to sustain long-term stream health is 30 meters (100 ft.), with some environments only needing 9 meters (30 ft.) of vegetated buffer (Frimpong et al., 2005; Wenger, 1999). Virginia Soil and Water Conservation Districts (SWCD) require 35 feet (10.67 meters) of vegetated buffers as a part of some agricultural BMP programs to prevent the transport of sediment and nutrients directly to the stream (DCR, 2018). 
We performed a riparian buffer analysis to better understand the impacts of the land use within 30 meters of the stream channel. This analysis was conducted based on the low riparian vegetation scores driving the total habitat scores. We found that most of the 30-meter buffer zone is comprised of forested (44% forest, 22% trees), pasture (12%) and urban areas (10%) (Table 54). The upstream portions of the riparian area of Lynch Creek appear to be forested, and the downstream portions are comprised of more urban and pasture areas. Although much of the riparian area is treed, pasture and urban areas close to the stream channel make Lynch Creek susceptible to greater erosion, sedimentation, and enrichment.  

Table 54: A 30-meter buffer was created around Lynch Creek to evaluate the land use directly surrounding the creek. 
	[bookmark: _GoBack]jik
	Land use description
	Area (acres)
	Percent land use

	Water
	Drainage networks and basins 
	0.40
	0.54%

	Impervious
	Extracted and External- high percentage of constructed materials
	7.61
	10.18%

	Forest
	Areas with tree cover of natural or semi-natural woody vegetation
	33.09
	44.33%

	Tree
	Areas with tree cover of natural or semi-natural woody vegetation that does not encompass an acre
	16.68
	22.34%

	Turf Grass
	Primarily grasses 
	6.97
	9.37%

	Shrub
	Areas of natural or semi-natural woody vegetation with aerial stems generally less than 6 meters
	0.063
	0.84%

	Pasture
	Areas of grasses, legumes, or grass-legumes planted for livestock grazing
	8.95
	11.99%

	NWI/Other
	Soil or substrate periodically covered with water
	0.87
	0.12%


2. [bookmark: a.-ph][bookmark: b.-dissolved-oxygen][bookmark: c.-total-phosphorus][bookmark: c.-total-nitrogen][bookmark: d.-habitat][bookmark: e.-sediment][bookmark: f.-ionic-strength---specific-conductivit][bookmark: g.-ionic-strength---total-dissolved-soli][bookmark: h.-ionic-strength---dissolved-sulfate][bookmark: i.-ionic-strength---dissolved-chloride][bookmark: j.-ionic-strength---dissolved-potassium][bookmark: k.-ionic-strength---dissolved-potassium][bookmark: l.-metals-ccu][bookmark: m.-temperature][bookmark: n.-hydromodification][bookmark: summary] Reed Creek
	Total Suspended Solids (TSS) were collected at 4ARAB003.64 in 2012 , 2018 and 2019. The concentrations ranged from 3-9 mg/L with a median value of 4 mg/L. Turbidity samples were taken at 4ARAB006.49 and 4ARAB003.64 in 2012, 2018 and 2019. The median value for 4ARAB006.49 was 5.11 NTU, and the single observation at 4ARAB003.64 was 3.41 NTU.  
Reed Creek total habitat scores ranged from 107 – 153, and the median value was 116(n=10) (Figure 48). At 4ARAB000.52, total habitat scores ranged from 107 – 153, and the median value was 116(n=7) (Figure 46). Total habitat scores at 4ARAB003.64 ranged from 108- 122 with a median of 116 (n=5). Total habitat scores at the upstream unimpaired station, 4ARAB006.49, were much higher than at the downstream impaired stations.   
[image: ]
Figure 48: Total habitat observations at Reed Creek were within the low to medium to low probability for aquatic stress category. The majority of observations were within the medium category for aquatic stress. 
 	Further analysis of the individual metrics (scored 1-20) that make up the qualitative total habitat score are visible in the heatmap below (Table 55-56). Darker colors indicate lower habitat metric scores. At the downstream impaired stations, individual habitat metrics indicate poor to marginal riparian condition and marginal to sub-optimal instream habitat conditions. Poor riparian condition (as indicated by low riparian vegetation, bank vegetation, and banks scores) is likely a contributing factor to the benthic impairment, because a lack of riparian vegetation allows increased erosion and instream sediment loads. Habitat metrics that describe instream habitat (such as sediment and embeddedness scores) indicate an excess of sediment in the stream channel. This excess sediment fills interstitial spaces and decreases available habitat for benthic macroinvertebrates.
Table 55: Qualitative habitat measurements taken during biological monitoring at 4ARAB000.52. The lighter red colors represent habitat scores that are optimal or suboptimal and progressively darker red colors represent marginal or poor habitat scores.
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Table 56: Qualitative habitat measurements taken during biological monitoring at 4ARAB003.64. The lighter red colors represent habitat scores that are optimal or suboptimal and progressively darker red colors represent marginal or poor habitat scores.
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Table 57: Qualitative habitat measurements taken during biological monitoring at 4ARAB006.49. The lighter red colors represent habitat scores that are optimal or suboptimal and progressively darker red colors represent marginal or poor habitat scores.

[image: ]    
 	Quantitative habitat data was collected at Reed Creek, which allows VADEQ to calculate the Log Relative Bed Stability (LRBS) index, percent fines, and embeddedness. The sample collected in 2015 at 4ARAB000.57 was 74% embedded, and 46% of the substrate was considered sands and fines. The sample at 4ARAB003.64 in 2012 was 88% embedded with 48% of substrate considered fines and sand. Reed Creek had a median LRBS score of -1.1, which is in the medium probability for aquatic stress category (Figure 49). Most lines of evidence support sediment as a stressor to the benthic community (Table 58).
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Figure 47: Observations of the LRBS indicate that there is a low to medium probability for aquatic stress. 

Table 57: Causal Analysis of Sediment as a potential stressor Reed Creek
	Evidence
	Score
	Explanation

	Spatial Co-occurrence
	3
	At impaired sites, habitat scores were in the low to medium probability for aquatic stress range. At the unimpaired site, habitat scores were in the no probability for aquatic stress range.

	Temporal Co-occurrence
	2
	VSCI scores were lower in the spring when runoff typically brings higher sediment loads

	Causal Pathways
	2
	Habitat scores for the riparian area were very low, leading to increased erosion and poor instream habitat due to excess sedimentation

	Symptoms
	2
	At impaired stations, the most dominant taxa were generally filterers and collectors, which thrive in sediment laden conditions; whereas dominant taxa in the upstream unimpaired station were often scrapers

	Stressor-Response Relationships from the Field
	2
	Habitat scores were lower at the impaired sites and higher at the upstream unimpaired site. TSS and turbidity were within a normal range; however, they were sampled during base flow when we would expect these parameters to be lower. 

	Analogous Stressors
	2
	LRBS was in the medium and low probability for aquatic stress category 

	Stressor-Response Relationships from Other Field Studies
	3
	Total habitat scores were within the medium probability for aquatic stress category. LRBS was also in the medium probability range.

	Consistency of Evidence
	2
	Most lines of evidence support sediment as a stressor

	Sum
	18
	



5.0 Summary 
1. Lynch Creek    
 	Based on the guidance from the Stressor Analysis in Virginia: Data Collection and Stressor Thresholds document published by VADEQ in 2017 (VADEQ, 2017) and EPA’s CADDIS approach, VADEQ has identified that excess sediment from a lack of riparian vegetation is the most likely stressor to the Lynch Creek benthic community (Table 60).  Total habitat scores on Lynch Creek were within the medium to high probability for aquatic stress category and were driven by poor scores for riparian vegetation and marginal scores for instream sediment conditions. The land use directly surrounding the stream was characterized by establishing a 30-meter buffer around the stream channel. We found that most of the land within 30-meters of Lynch Creek is forested or treed; however, urban and pasture comprise a significant amount, particularly in the downstream portion near the impaired station. Observations of the sediment deposition and embeddedness also indicate that sedimentation is a primary stressor to the  benthic community.
[bookmark: _Hlk34658779]Figure 58 outlines the potential sources of sediment in the Lynch Creek watershed. Landscape disturbances, such as construction or logging can cause watershed sediments to runoff and increase the particulate load to Lynch Creek. Instream and channel sedimentation are also sources of increased particulate loads. Contributing factors to these sources are impervious surfaces, reduced riparian vegetation, and historical farming. The increased particulate sediment load leads to the reduction in habitat for aquatic organisms by filling the interstitial spaces between substrate with sediment. The increase in sediment particles can also alter the aquatic organism feeding groups by favoring organisms that filter for sediment and do not need clean substrate to survive. 

[image: ]
Figure 58: Schematic of sources and contributing factors of increased sediment in the Lynch Creek watershed. 
	Dissolved potassium and hydromodification were identified as possible stressors to the Lynch Creek aquatic community. The median dissolved potassium concentration was within the medium probability for aquatic stress category (Table 59). Potassium is a vital ion for plant and animal growth and is often found in fertilizers.  Potassium may be running off fertilized turf or yards causing higher than normal concentrations in Lynch Creek. However, there is no other evidence of enrichment in Lynch Creek, thus dissolved potassium concentrations are considered a possible stressor.  Hydromodification was also identified as a potential stressor to Lynch Creek because of the percent impervious surfaces in the watershed. Urban streams often exhibit stress associated with urban stressors when impervious surfaces exceed 8-15% of the watershed. Lynch Creek met this requirement; however, other parameters often associated with urban streams were within normal ranges. Therefore, we categorized hydromodification as a possible stressor. 
Based on the data summarized above, we recommend a TMDL be developed for sediment, the primary stressor to the Lynch Creek benthic community. Implementation should be focused on establishing appropriate riparian buffers along Lynch Creek, particularly on the downstream portion where there is more development and fewer trees. This implementation will likely help to create more suitable instream habitat and increase runoff infiltration resulting in reduced urban hydromodification and fertilizer runoff.
Table 59: Summary of stressor analysis results for Lynch Creek with stressor analysis color categories. 
[image: C:/Users/ykd89299.COV/AppData/Local/Temp/Rtmp2LagAg/file1f1c76fb209c_files/figure-docx/summaryStressorTable-1.png]
2. Reed Creek
	Based on the guidance from the “Stressor Analysis in Virginia: Data Collection and Stressor Thresholds” document published by VADEQ in 2017 (VADEQ, 2017) and EPA’s CADDIS approach, VADEQ has identified that sediment is the most probable stressor to the Reed Creek aquatic community (Table 60).  
Table 60: Summary of stressor analysis results for Reed Creek with stressor analysis color categories. See Figure 5 for stressor analysis categories legend.
[image: ]

We also found that stations further upstream on Reed Creek tended to have higher VSCI scores than stations downstream. In fact, the most upstream station was originally established as a reference site. This may indicate a cumulative effect of land use practices throughout the Reed Creek watershed. The Reed Creek watershed is mostly forest and pasture land with several harvested/disturbed areas. The pasture and forest land are mixed throughout the watershed with most of the forest area concentrated at the headwaters of Reed Creek.
Figure 51 outlines the potential sources of sediment in the Reed Creek watershed. Landscape disturbances, such as construction or logging can cause watershed sediments to runoff and increase the particulate load to Reed Creek. Instream and channel sedimentation are also sources of increased particulate loads. Contributing factors to these sources are primarily reduced riparian vegetation, and historical farming in the Reed Creek watershed. The increased particulate sediment load leads to the reduction in habitat for aquatic organisms by filling the interstitial spaces between substrate with sediment. The increase in sediment particles can also alter the aquatic organism feeding groups by favoring organisms that filter for sediment and do not need clean substrate to survive. 

[image: ]
Figure 51: Schematic of sources and contributing factors of increased sediment in the Reed Creek watershed. 
Total habitat scores indicated that the habitat is in the medium category for probability of aquatic stress. When compared with total habitat scores across the state, the median total habitat score for Reed Creek is within the lowest 10th percentile (113) in Virginia and the Roanoke basin (110). The main contributors to the low total habitat scores on Reed Creek were bank stability, bank vegetation, embeddedness, and sediment. These metrics point to unstable bank conditions that increase erosion and contribute sediment to instream habitat. The median LRBS score was within the medium probability for aquatic stress indicating that the habitat is unstable and the stream is carrying excess sediment. Therefore, we consider sediment a probable stressor based on the individual habitat scores, low LRBS scores, and in field observations. Based on the habitat scores and LRBS score, we recommend developing a TMDL for sediment on Reed Creek. 

3. UT Roanoke River
	Based on the guidance from the “Stressor Analysis in Virginia: Data Collection and Stressor Thresholds” document published by VADEQ in 2017 (VADEQ, 2017) and EPA’s CADDIS approach, VADEQ has identified that sediment , hydromodification, and dissolved potassium are potential stressors to the UT Roanoke River aquatic community (Table 62). We determined that the urban location of the stream may also be a contributing factor, where water quickly runs off of impervious surfaces into the stream, scouring the instream habitat and eroding the stream banks. The characteristics of this stream and landscape meet some of the symptoms described by the urban stream syndrome. Despite these potential stressors, the aquatic community in UT Roanoke River has improved over the last few years and VSCI scores have been consistently above the impairment threshold. 
Table 62: Summary of stressor analysis results for UT Roanoke River with stressor analysis color categories. 
[image: BenthicStressorReportTemplateMultipleStations_files/figure-docx/summaryStressorTable-1.png]
Habitat scores ranged between the high and low category for aquatic stress, with a median score in the medium category for aquatic stress. The individual habitat scores indicate that there is little vegetation on the banks or in the riparian areas. The streambanks are also unstable, and sediment and embeddedness scores are low. The LRBS scores are within the low probability for aquatic stress, indicating that the substrate is stable but not armored. The habitat scores were generally higher than the Lynch and Reed Creek habitat scores that have more impaired aquatic communities. 
[image: ]
Figure 52: Schematic of sources and contributing factors of increased sediment in the UT Roanoke River watershed. 
Dissolved potassium and hydromodification were identified as possible stressors to the benthic community. Dissolved potassium was generally above background condition but ranged between no to medium probability for aquatic stress, with a median value in the low probability for aquatic stress category. Hydromodification was identified as a potential stressor because the percent impervious surfaces were within the range of expected impacts from urbanization (8-15%). However, other parameters associated with urban stressors were within normal range and did not indicate stress. 
Although we have identified problems in the UT Roanoke River watershed that could be impacting the aquatic community, the VSCI scores suggest that the community is currently not impaired and has been improving since its original listing in 2010. In fact, the average VSCI score is above the impairment threshold, and the more recent data collected to support this document indicate non-impairment. Due to the recent improved scores, DEQ will plan to collect another year of biological data to support the delisting of UT Roanoke River for aquatic life use impairment. While VSCI scores are improving and above the impairment threshold, activities in the watershed that address the possible stressor of sediment will help to further improve and restore the benthic community.
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	Lynch Creek Taxa List

	Final ID
	FFG
	TolVal
	Spring 2012
	Fall 2012
	Spring 2015
	Fall 2015
	Spring 2017
	Fall 2017

	Crangonyctidae
	
	6
	
	
	
	
	
	

	Pleuroceridae
	
	5
	
	
	1
	5
	2
	3

	Ancylidae
	Scraper
	6
	
	1
	
	1
	
	1

	Physidae
	Scraper
	8
	
	
	1
	
	
	

	Oulimnius
	
	4
	
	2
	
	3
	
	1

	Microcylloepus
	Collector
	3
	
	
	
	
	
	

	Dubiraphia
	Collector
	4
	
	
	
	1
	
	

	Stenelmis
	Scraper
	1
	
	
	
	
	
	1

	Optioservus
	Scraper
	4
	1
	
	
	2
	3
	4

	Psephenus
	Scraper
	4
	
	
	1
	3
	
	2

	Cambaridae
	Collector
	6
	
	1
	
	
	
	

	Chironomidae (A)
	
	
	71
	23
	19
	10
	52
	12

	Neoplasta
	
	
	1
	
	
	
	
	

	Antocha
	Collector
	4
	
	
	
	
	
	

	Simulium
	Filterer
	3
	4
	1
	2
	6
	13
	

	Atrichopogon
	Predator
	6
	
	
	
	
	
	

	Hemerodromia
	Predator
	6
	
	
	
	
	
	1

	Tipula
	Shredder
	4
	
	
	
	
	
	

	Maccaffertium
	
	
	1
	
	1
	4
	
	3

	Baetis
	Collector
	2
	
	
	2
	
	7
	3

	Acentrella
	Collector
	4
	
	
	
	
	
	1

	Baetidae
	Collector
	4
	
	
	
	
	
	

	Baetisca
	Collector
	4
	
	
	
	
	
	1

	Isonychia
	Filterer
	2
	
	3
	2
	3
	
	3

	Eurylophella
	Scraper
	4
	
	
	
	2
	
	

	Heptageniidae
	Scraper
	4
	2
	
	
	
	
	

	Asellidae
	Collector
	8
	
	
	
	
	1
	

	Oligochaeta
	Collector
	6
	18
	8
	
	7
	9
	10

	Acroneuria
	Predator
	1
	
	
	
	
	
	

	Perlidae
	Predator
	1
	
	
	
	
	1
	

	Leuctra
	Shredder
	0
	
	
	
	
	1
	

	Allocapnia
	Shredder
	1
	
	
	
	48
	
	

	Amphinemura
	Shredder
	2
	1
	
	1
	
	
	

	Taeniopteryx
	Shredder
	2
	
	
	
	1
	
	

	Hydropsyche/Ceratopsyche
	Filterer
	
	
	
	
	1
	
	

	Chimarra
	Filterer
	3
	
	1
	
	3
	
	

	Hydropsychidae
	Filterer
	3
	
	21
	2
	
	
	9

	Hydropsyche
	Filterer
	5
	
	
	
	
	
	4

	Cheumatopsyche
	Filterer
	6
	8
	45
	3
	4
	21
	49

	Polycentropus/Cernotina
	Predator
	4
	
	
	
	
	
	

	Neophylax
	Scraper
	2
	
	
	
	4
	
	

	Hydracarina
	
	6
	1
	2
	
	1
	
	1

	Naididae
	Collector
	9
	
	
	75
	
	
	

	Sphaeriidae
	Filterer
	
	
	
	
	
	
	1

	Corbicula
	Filterer
	6
	1
	1
	
	
	
	

	Argia
	Predator
	5
	1
	1
	
	1
	
	










	Reed Creek Taxa List

	
	
	
	4ARAB000.52

	FinalID
	FFG
	TolVal
	11/8/2011
	4/17/2012
	10/4/2012
	5/12/2015
	11/15/2015
	5/1/2017
	9/20/2017

	Gomphidae
	Predator
	 
	
	
	
	
	1
	
	

	Ophiogomphus
	Predator
	1
	
	
	
	
	
	
	

	Cordulegaster
	Predator
	4
	
	
	
	
	
	
	

	Pleuroceridae
	
	5
	1
	1
	18
	2
	2
	
	1

	Ancylidae
	Scraper
	6
	3
	
	2
	
	2
	
	

	Planorbidae
	Scraper
	7
	1
	
	
	
	
	
	

	Physidae
	Scraper
	8
	
	
	
	1
	
	
	

	Helichus
	
	4
	
	
	
	
	
	
	

	Oulimnius
	
	4
	1
	
	
	6
	3
	
	2

	Microcylloepus
	Collector
	3
	1
	
	
	
	
	
	

	Elmidae
	Collector
	4
	
	
	
	
	1
	
	

	Ancyronyx variegatus
	Omnivore
	
	
	
	
	
	
	

	Macronychus glabratus
	Omnivore
	5
	
	1
	
	
	
	
	

	Stenelmis
	Scraper
	1
	
	
	
	
	
	
	

	Ectopria
	Scraper
	4
	
	
	
	
	
	
	

	Optioservus
	Scraper
	4
	1
	
	4
	
	1
	
	

	Psephenus
	Scraper
	4
	
	
	
	
	
	
	

	Anchytarsus
	Shredder
	4
	
	
	
	
	
	
	

	Cambaridae
	Collector
	6
	
	
	
	
	
	
	

	Chironomidae (A)
	
	 
	41
	39
	7
	41
	12
	40
	8

	Stilobezzia
	
	 
	
	
	
	1
	
	
	

	Trichoclinocera
	
	 
	
	
	
	
	
	
	

	Bezzia/Palpomyia
	
	6
	
	
	
	
	
	
	

	Hybomitra
	
	7
	
	
	
	
	
	
	

	Antocha
	Collector
	4
	2
	
	
	
	
	
	

	Bezzia
	Collector
	6
	
	1
	
	
	
	
	

	Simulium
	Filterer
	3
	8
	9
	3
	
	4
	8
	6

	Simuliidae
	Filterer
	6
	
	1
	
	
	
	
	

	Prosimulium
	Filterer
	7
	
	
	
	
	11
	
	

	Hexatoma
	Predator
	1
	
	
	
	
	
	
	1

	Dicranota
	Predator
	4
	
	
	
	
	
	
	

	Alluaudomyia
	Predator
	6
	
	
	
	1
	
	
	

	Ceratopogon
	Predator
	6
	
	
	
	
	
	
	

	Clinocera
	Predator
	6
	
	
	
	1
	
	
	

	Culicoides
	Predator
	6
	
	
	
	
	
	
	

	Hemerodromia
	Predator
	6
	
	
	
	1
	
	
	

	Tipula
	Shredder
	4
	
	
	
	
	
	
	

	Maccaffertium
	
	 
	1
	4
	13
	3
	21
	
	29

	Teloganopsis deficiens
	
	 
	
	
	
	
	
	
	1

	Dannella
	
	2
	
	1
	
	
	
	
	

	Leucrocuta
	
	4
	
	2
	
	
	1
	
	1

	Plauditus
	
	5
	
	2
	
	3
	
	1
	2

	Serratella
	Collector
	0
	
	
	
	3
	
	
	

	Ephemerellidae
	Collector
	1
	1
	
	
	
	
	
	

	Paraleptophlebia
	Collector
	1
	
	
	
	
	
	
	

	Baetis
	Collector
	2
	
	5
	13
	13
	
	1
	15

	Ephemerella
	Collector
	2
	2
	28
	
	11
	
	25
	

	Leptophlebiidae
	Collector
	2
	
	
	
	
	
	
	

	Caenis
	Collector
	3
	
	
	
	
	
	
	

	Baetidae
	Collector
	4
	
	2
	3
	7
	
	
	

	Baetisca
	Collector
	4
	
	
	
	
	
	
	1

	Hexagenia
	Collector
	5
	
	
	
	
	
	
	

	Isonychia
	Filterer
	2
	3
	
	
	1
	1
	1
	3

	Epeorus
	Scraper
	0
	
	
	
	
	
	
	

	Heptageniidae
	Scraper
	4
	1
	
	2
	
	
	
	

	Stenacron
	Scraper
	4
	
	
	
	
	
	
	

	Acerpenna
	Shredder
	4
	
	
	
	
	
	
	

	Nigronia
	Predator
	2
	
	
	
	
	
	
	

	Corydalus
	Predator
	5
	
	
	
	
	1
	
	

	Sialis
	Predator
	6
	
	
	
	
	
	
	

	Oligochaeta
	Collector
	6
	12
	3
	8
	1
	4
	1
	1

	Utaperla
	
	 
	
	
	
	
	
	
	

	Diploperla
	
	2
	
	
	
	
	
	
	

	Shipsa
	
	2
	
	
	
	
	
	
	

	Tallaperla
	
	2
	
	
	
	
	
	
	

	Eccoptura xanthenes
	
	3
	
	1
	
	
	
	2
	

	Suwallia
	Predator
	 
	
	
	
	
	
	
	

	Acroneuria
	Predator
	1
	
	
	1
	
	
	
	2

	Perlidae
	Predator
	1
	
	2
	
	2
	
	
	

	Isoperla
	Predator
	2
	
	3
	
	
	
	1
	

	Perlesta
	Predator
	2
	
	
	
	
	
	23
	

	Perlodidae
	Predator
	2
	
	2
	1
	
	
	
	

	Prostoia
	Shredder
	 
	
	
	
	
	
	
	

	Leuctra
	Shredder
	0
	
	
	
	1
	
	1
	

	Allocapnia
	Shredder
	1
	
	
	
	
	20
	
	

	Capniidae
	Shredder
	1
	2
	
	
	
	
	
	

	Paracapnia
	Shredder
	1
	4
	
	
	
	
	
	

	Amphinemura
	Shredder
	2
	
	1
	
	
	
	3
	

	Nemouridae
	Shredder
	2
	
	
	
	
	
	
	

	Peltoperlidae
	Shredder
	2
	
	
	
	2
	
	
	

	Pteronarcys
	Shredder
	2
	
	
	
	
	
	1
	

	Taeniopterygidae
	Shredder
	2
	5
	
	
	
	2
	
	

	Taeniopteryx
	Shredder
	2
	3
	
	
	
	11
	
	

	Trichoptera
	
	 
	
	
	
	
	
	
	

	Goera
	
	1
	
	
	
	
	
	
	

	Dolophilodes
	Collector
	3
	1
	
	
	
	
	2
	

	Ceratopsyche
	Filterer
	1
	
	
	
	
	
	
	

	Wormaldia
	Filterer
	1
	
	
	
	
	
	
	

	Chimarra
	Filterer
	3
	
	
	
	
	2
	
	1

	Hydropsychidae
	Filterer
	3
	3
	
	7
	
	
	
	4

	Philopotamidae
	Filterer
	3
	
	
	1
	
	
	
	

	Hydropsyche
	Filterer
	5
	
	
	
	
	
	
	

	Cheumatopsyche
	Filterer
	6
	8
	1
	20
	4
	4
	
	26

	Diplectrona
	Filterer
	6
	
	
	
	
	
	
	

	Rhyacophila
	Predator
	0
	
	
	
	
	
	
	

	Polycentropus
	Predator
	4
	
	
	
	
	
	
	

	Polycentropus/Cernotina
	Predator
	4
	
	
	
	
	
	
	

	Glossosoma
	Scraper
	0
	
	
	
	1
	
	
	

	Neophylax
	Scraper
	2
	2
	
	
	
	4
	
	

	Anisocentropus pyraloides
	Shredder
	1
	
	
	
	
	
	
	

	Pycnopsyche
	Shredder
	2
	1
	
	
	
	
	
	

	Hydracarina
	
	6
	
	1
	1
	
	
	
	2

	Naididae
	Collector
	9
	
	
	
	
	
	
	

	Sphaeriidae
	Filterer
	 
	
	
	
	2
	
	
	4

	Corbicula
	Filterer
	6
	2
	
	6
	2
	2
	
	



	Reed Creek Taxa List-  Continued 

	
	
	
	4ARAB003.64
	4ARAB006.49

	Final ID
	FFG
	TolVal
	Spring 2012
	Fall 2012
	Spring 2014
	Fall 2014
	Spring 2015
	Fall 2015
	Spring 2017
	Fall 2017
	Spring 2018
	Fall 2018
	Fall 2018

	Gomphidae
	Predator
	 
	
	
	
	
	1
	
	
	
	1
	2
	

	Ophiogomphus
	Predator
	1
	
	
	
	1
	
	1
	
	
	
	
	

	Cordulegaster
	Predator
	4
	
	
	
	
	
	
	
	
	
	
	

	Pleuroceridae
	
	5
	
	
	1
	3
	4
	2
	
	2
	
	
	

	Ancylidae
	Scraper
	6
	
	1
	
	1
	
	
	
	
	
	
	

	Planorbidae
	Scraper
	7
	
	
	
	
	
	
	
	
	
	
	

	Physidae
	Scraper
	8
	
	
	
	
	
	
	
	
	
	
	

	Helichus
	
	4
	1
	
	
	
	
	1
	
	
	1
	
	

	Oulimnius
	
	4
	3
	4
	3
	5
	4
	11
	4
	7
	15
	17
	29

	Microcylloepus
	Collector
	3
	
	
	
	
	
	1
	
	
	
	
	1

	Elmidae
	Collector
	4
	
	4
	
	
	
	
	
	
	
	
	

	Ancyronyx variegatus
	Omnivore
	
	
	1
	
	
	
	
	
	
	
	

	Macronychus glabratus
	Omnivore
	5
	
	1
	1
	
	
	
	
	
	
	
	

	Stenelmis
	Scraper
	1
	
	
	
	
	
	
	1
	
	
	
	2

	Ectopria
	Scraper
	4
	
	
	
	
	
	
	1
	
	
	
	

	Optioservus
	Scraper
	4
	1
	9
	1
	6
	1
	5
	
	5
	6
	17
	10

	Psephenus
	Scraper
	4
	
	
	1
	
	
	
	
	
	1
	
	1

	Anchytarsus
	Shredder
	4
	
	
	
	
	1
	
	
	
	1
	2
	3

	Cambaridae
	Collector
	6
	
	
	1
	
	
	
	
	
	
	
	

	Chironomidae (A)
	
	 
	25
	35
	35
	34
	41
	32
	22
	29
	23
	6
	12

	Stilobezzia
	
	 
	
	
	
	
	
	
	
	
	
	
	

	Trichoclinocera
	
	 
	
	
	
	
	
	
	
	
	
	
	

	Bezzia/Palpomyia
	
	6
	
	
	
	
	
	
	
	
	
	
	

	Hybomitra
	
	7
	
	
	
	
	
	
	
	
	
	1
	

	Antocha
	Collector
	4
	
	
	1
	1
	
	
	
	
	
	
	

	Bezzia
	Collector
	6
	
	
	
	
	4
	
	
	
	3
	1
	1

	Simulium
	Filterer
	3
	3
	3
	13
	1
	
	6
	4
	3
	5
	3
	1

	Simuliidae
	Filterer
	6
	
	
	
	
	
	
	
	
	
	
	

	Prosimulium
	Filterer
	7
	1
	
	
	
	
	18
	
	
	
	
	

	Hexatoma
	Predator
	1
	
	
	
	
	
	
	
	
	
	
	

	Dicranota
	Predator
	4
	
	
	
	
	
	
	
	
	
	
	

	Alluaudomyia
	Predator
	6
	
	
	
	
	
	
	
	
	
	
	

	Ceratopogon
	Predator
	6
	
	
	
	
	
	
	
	
	
	
	

	Clinocera
	Predator
	6
	4
	
	
	
	1
	
	
	
	
	
	

	Culicoides
	Predator
	6
	
	
	
	
	
	
	
	
	
	1
	

	Hemerodromia
	Predator
	6
	
	
	
	1
	
	
	
	2
	
	1
	

	Tipula
	Shredder
	4
	1
	
	
	
	
	1
	
	1
	2
	1
	

	Maccaffertium
	
	 
	3
	4
	1
	3
	4
	5
	2
	6
	10
	35
	24

	Teloganopsis deficiens
	
	 
	
	
	1
	
	3
	1
	
	
	
	
	

	Dannella
	
	2
	
	
	
	
	
	
	1
	
	
	
	

	Leucrocuta
	
	4
	
	1
	
	3
	
	
	
	
	
	
	

	Plauditus
	
	5
	
	
	2
	
	
	
	2
	
	1
	
	

	Serratella
	Collector
	0
	
	
	1
	
	
	
	
	
	
	1
	

	Ephemerellidae
	Collector
	1
	
	
	
	3
	
	
	
	
	
	
	

	Paraleptophlebia
	Collector
	1
	
	
	
	
	
	
	2
	
	
	
	

	Baetis
	Collector
	2
	
	
	8
	
	5
	
	8
	4
	2
	1
	2

	Ephemerella
	Collector
	2
	46
	
	
	1
	21
	
	28
	3
	9
	
	

	Leptophlebiidae
	Collector
	2
	
	
	
	
	
	
	1
	
	
	
	1

	Caenis
	Collector
	3
	
	1
	
	
	
	
	
	
	
	
	

	Baetidae
	Collector
	4
	
	
	
	
	
	
	
	
	
	
	

	Baetisca
	Collector
	4
	
	1
	
	
	1
	
	
	2
	
	2
	

	Hexagenia
	Collector
	5
	
	
	
	
	
	
	
	
	
	
	

	Isonychia
	Filterer
	2
	
	
	1
	
	1
	
	2
	
	2
	
	

	Epeorus
	Scraper
	0
	
	
	1
	
	
	1
	
	1
	4
	
	

	Heptageniidae
	Scraper
	4
	1
	2
	
	
	
	
	
	
	
	
	

	Stenacron
	Scraper
	4
	
	
	
	
	
	
	
	
	
	
	1

	Acerpenna
	Shredder
	4
	
	
	
	
	
	
	
	
	
	
	

	Nigronia
	Predator
	2
	
	
	
	
	
	
	
	1
	
	
	

	Corydalus
	Predator
	5
	
	
	
	
	1
	
	
	
	
	
	

	Sialis
	Predator
	6
	
	
	
	
	
	
	
	
	
	
	

	Oligochaeta
	Collector
	6
	10
	7
	3
	
	
	2
	
	4
	2
	
	1

	Utaperla
	
	 
	
	
	
	3
	
	
	
	
	
	
	

	Diploperla
	
	2
	
	
	
	
	
	
	
	
	
	
	1

	Shipsa
	
	2
	
	
	
	2
	
	
	
	
	
	
	

	Tallaperla
	
	2
	
	1
	10
	
	
	
	
	
	
	
	

	Eccoptura xanthenes
	
	3
	
	
	1
	
	
	
	1
	
	1
	
	

	Suwallia
	Predator
	 
	
	
	
	
	
	
	
	
	
	
	

	Acroneuria
	Predator
	1
	
	1
	3
	
	1
	2
	1
	1
	3
	1
	1

	Perlidae
	Predator
	1
	
	
	
	
	5
	
	4
	
	2
	1
	

	Isoperla
	Predator
	2
	3
	
	
	
	
	
	
	
	1
	
	

	Perlesta
	Predator
	2
	
	
	13
	
	
	
	19
	
	
	
	

	Perlodidae
	Predator
	2
	
	1
	
	
	
	
	
	
	
	
	

	Prostoia
	Shredder
	 
	
	
	
	
	
	
	
	
	
	
	

	Leuctra
	Shredder
	0
	
	
	
	
	3
	
	7
	
	6
	
	

	Allocapnia
	Shredder
	1
	
	2
	
	3
	
	10
	
	2
	
	
	

	Capniidae
	Shredder
	1
	
	1
	
	
	
	
	
	
	
	
	

	Paracapnia
	Shredder
	1
	
	
	
	
	
	
	
	
	
	
	

	Amphinemura
	Shredder
	2
	3
	
	2
	
	
	
	
	
	1
	
	

	Nemouridae
	Shredder
	2
	1
	
	
	
	
	
	
	
	
	
	

	Peltoperlidae
	Shredder
	2
	
	
	
	
	
	
	
	
	
	
	

	Pteronarcys
	Shredder
	2
	
	
	1
	
	1
	
	
	
	
	
	

	Taeniopterygidae
	Shredder
	2
	
	1
	
	
	
	
	
	
	
	
	

	Taeniopteryx
	Shredder
	2
	
	
	
	8
	
	3
	
	
	
	1
	

	Trichoptera
	
	 
	
	
	
	1
	
	
	
	
	
	
	

	Goera
	
	1
	
	
	
	1
	
	
	
	
	
	
	

	Dolophilodes
	Collector
	3
	
	
	
	
	
	
	
	
	
	
	

	Ceratopsyche
	Filterer
	1
	
	
	
	
	
	
	
	
	
	
	

	Wormaldia
	Filterer
	1
	
	
	
	
	
	
	
	
	
	
	

	Chimarra
	Filterer
	3
	
	10
	
	1
	1
	
	
	1
	
	
	

	Hydropsychidae
	Filterer
	3
	1
	
	4
	2
	
	
	
	
	
	
	

	Philopotamidae
	Filterer
	3
	
	
	
	
	
	
	
	
	
	
	

	Hydropsyche
	Filterer
	5
	
	
	
	
	
	
	
	2
	
	
	

	Cheumatopsyche
	Filterer
	6
	3
	18
	
	11
	4
	2
	
	31
	6
	15
	18

	Diplectrona
	Filterer
	6
	
	
	
	
	
	
	
	
	
	
	

	Rhyacophila
	Predator
	0
	
	
	
	
	
	1
	
	
	1
	
	1

	Polycentropus
	Predator
	4
	
	1
	
	
	
	
	
	
	
	1
	

	Polycentropus/Cernotina
	Predator
	4
	
	
	
	
	1
	
	
	
	
	
	

	Glossosoma
	Scraper
	0
	
	
	
	
	
	
	
	1
	
	
	

	Neophylax
	Scraper
	2
	
	1
	
	10
	
	1
	
	1
	
	
	

	Anisocentropus pyraloides
	Shredder
	1
	
	
	
	
	
	
	
	
	1
	
	

	Pycnopsyche
	Shredder
	2
	
	
	
	
	
	
	
	
	
	
	

	Hydracarina
	
	6
	
	
	
	
	1
	1
	
	1
	
	
	

	Naididae
	Collector
	9
	
	
	
	5
	
	
	
	
	
	
	

	Sphaeriidae
	Filterer
	 
	
	
	
	
	
	3
	
	
	
	
	

	Corbicula
	Filterer
	6
	
	
	
	
	
	
	
	
	
	
	

	
	
	 
	
	
	
	
	
	
	
	
	
	
	








	UT Roanoke River

	Order
	FFG
	TolVal
	FinalID
	Spring 2012
	Fall 2012
	Fall 2012 (R2)
	Spring 2014
	Fall 2014
	Spring 2015
	Fall 2015
	Fall 2017
	Spring 2017

	Amphipoda
	 
	6
	Crangonyctidae
	
	
	
	
	
	
	
	
	1

	Anisoptera
	Predator
	 
	Gomphidae
	
	
	1
	
	
	
	
	
	 

	Basommatophora
	 
	5
	Pleuroceridae
	3
	4
	3
	
	9
	5
	3
	2
	 

	Basommatophora
	Scraper
	6
	Ancylidae
	
	1
	
	
	
	
	
	1
	 

	Coleoptera
	 
	4
	Helichus
	
	
	
	
	1
	
	
	
	 

	Coleoptera
	 
	4
	Oulimnius
	14
	7
	3
	4
	1
	3
	2
	4
	16

	Coleoptera
	Collector
	3
	Microcylloepus
	
	3
	
	
	
	
	
	
	 

	Coleoptera
	Collector
	4
	Elmidae
	10
	4
	
	
	
	
	2
	2
	 

	Coleoptera
	Scraper
	1
	Stenelmis
	2
	
	
	
	
	1
	
	2
	1

	Coleoptera
	Scraper
	4
	Ectopria
	
	
	
	
	
	
	
	1
	1

	Coleoptera
	Scraper
	4
	Optioservus
	14
	11
	16
	2
	5
	14
	10
	11
	19

	Coleoptera
	Scraper
	4
	Psephenus
	1
	2
	
	2
	
	2
	1
	1
	 

	Coleoptera
	Shredder
	4
	Anchytarsus
	2
	
	2
	
	3
	1
	1
	2
	4

	Diptera
	 
	 
	Chironomidae (A)
	18
	35
	20
	58
	27
	46
	33
	22
	31

	Diptera
	 
	 
	Trichoclinocera
	
	
	1
	
	
	
	
	
	 

	Diptera
	Collector
	4
	Antocha
	
	1
	
	
	
	
	
	
	 

	Diptera
	Filterer
	3
	Simulium
	4
	
	1
	1
	
	
	
	
	4

	Diptera
	Filterer
	7
	Prosimulium
	
	2
	
	
	
	
	
	
	 

	Diptera
	Predator
	6
	Clinocera
	2
	
	
	
	
	
	
	
	 

	Diptera
	Predator
	6
	Hemerodromia
	
	
	
	1
	
	1
	
	1
	 

	Diptera
	Shredder
	4
	Tipula
	1
	1
	
	1
	1
	
	
	1
	 

	Ephemeroptera
	 
	 
	Maccaffertium
	
	5
	7
	3
	5
	1
	16
	25
	1

	Ephemeroptera
	 
	 
	Teloganopsis deficiens
	
	
	
	2
	3
	1
	1
	
	 

	Ephemeroptera
	 
	0
	Habrophlebiodes
	
	
	1
	
	
	
	
	
	 

	Ephemeroptera
	 
	5
	Plauditus
	
	
	
	
	
	1
	
	
	 

	Ephemeroptera
	Collector
	0
	Serratella
	1
	2
	1
	
	2
	
	
	
	 

	Ephemeroptera
	Collector
	1
	Ephemerellidae
	2
	
	
	
	
	
	
	
	 

	Ephemeroptera
	Collector
	1
	Paraleptophlebia
	
	
	
	
	
	
	
	
	 

	Ephemeroptera
	Collector
	2
	Baetis
	
	
	
	1
	
	4
	
	3
	7

	Ephemeroptera
	Collector
	2
	Ephemerella
	5
	
	
	
	
	2
	
	
	1

	Ephemeroptera
	Collector
	2
	Leptophlebiidae
	
	
	
	
	
	
	
	
	 

	Ephemeroptera
	Collector
	4
	Acentrella
	
	
	
	
	
	
	
	
	 

	Ephemeroptera
	Collector
	4
	Baetisca
	
	
	1
	
	
	1
	
	
	 

	Ephemeroptera
	Filterer
	2
	Isonychia
	
	
	
	1
	1
	1
	4
	2
	1

	Ephemeroptera
	Scraper
	0
	Epeorus
	
	
	
	
	2
	
	
	
	 

	Ephemeroptera
	Scraper
	4
	Heptageniidae
	
	2
	
	8
	
	
	
	1
	 

	Ephemeroptera
	Scraper
	4
	Stenacron
	
	
	
	
	1
	
	
	
	 

	Megaloptera
	Predator
	2
	Nigronia
	1
	
	
	
	2
	1
	1
	
	 

	Oligochaeta
	Collector
	6
	Oligochaeta
	11
	3
	3
	1
	5
	8
	
	6
	5

	Plecoptera
	 
	2
	Tallaperla
	
	
	
	1
	
	
	
	
	 

	Plecoptera
	 
	3
	Eccoptura xanthenes
	
	
	
	1
	
	
	
	
	 

	Plecoptera
	Predator
	0
	Agnetina
	
	
	
	1
	
	
	
	
	 

	Plecoptera
	Predator
	0
	Remenus
	
	
	
	
	
	
	
	
	1

	Plecoptera
	Predator
	1
	Acroneuria
	1
	1
	2
	1
	1
	2
	2
	1
	2

	Plecoptera
	Predator
	1
	Perlidae
	
	
	
	7
	
	3
	
	
	 

	Plecoptera
	Predator
	2
	Isoperla
	
	
	
	
	
	
	
	
	 

	Plecoptera
	Predator
	2
	Perlesta
	
	
	
	
	
	
	
	
	1

	Plecoptera
	Shredder
	 
	Leuctridae
	2
	
	
	
	
	
	
	
	 

	Plecoptera
	Shredder
	0
	Leuctra
	1
	
	
	10
	
	4
	
	
	5

	Plecoptera
	Shredder
	1
	Allocapnia
	
	
	
	
	
	
	15
	
	 

	Plecoptera
	Shredder
	2
	Amphinemura
	8
	
	
	
	
	
	
	
	1

	Plecoptera
	Shredder
	2
	Taeniopterygidae
	
	
	
	
	
	
	
	
	 

	Plecoptera
	Shredder
	2
	Taeniopteryx
	
	1
	3
	
	
	
	3
	
	 

	Trichoptera
	Collector
	3
	Dolophilodes
	
	
	
	
	
	
	
	
	1

	Trichoptera
	Filterer
	 
	Hydropsyche/Ceratopsyche
	
	
	
	
	1
	
	1
	
	 

	Trichoptera
	Filterer
	3
	Chimarra
	1
	6
	17
	
	17
	
	1
	12
	 

	Trichoptera
	Filterer
	3
	Hydropsychidae
	
	2
	2
	
	5
	
	
	
	 

	Trichoptera
	Filterer
	6
	Cheumatopsyche
	6
	15
	25
	
	11
	4
	10
	9
	5

	Trichoptera
	Predator
	0
	Rhyacophila
	
	
	
	3
	
	
	1
	
	 

	Trichoptera
	Predator
	4
	Polycentropus
	
	
	
	
	2
	
	
	
	 

	Trichoptera
	Predator
	4
	Polycentropus/Cernotina
	
	
	
	
	
	
	
	
	 

	Trichoptera
	Scraper
	0
	Glossosoma
	
	
	
	1
	2
	
	
	1
	2

	Trichoptera
	Scraper
	2
	Neophylax
	
	1
	1
	
	3
	
	2
	
	 

	Trichoptera
	Shredder
	3
	Lepidostoma
	
	
	
	
	
	1
	
	
	 

	Trombidiformes
	 
	6
	Hydracarina
	 
	1
	 
	 
	 
	3
	1
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Station ID Date Channel . ks Bk beddedness Flow Rifles Riparian g ent ©  Substrate ¢ Velocity Total
Alteration Vegetation Vegetation ¥ Habitat
2012-
4AXCN000.31 16 8 6 1 14 1 4 10 1 10 101
03-20
2012-
4AXCNO0031 3750 16 6 8 10 15 15 6 10 15 15 116
2014-
4AXCN000.31 18 6 12 12 16 15 9 12 18 16 134
05-30
2014-
4AxcNo0031 300 17 7 8 10 16 17 7 8 17 17 124
2015-
4AxCN00031 2% 10 8 10 1 16 1 10 1 12 13 12
2015-
4AxCN00031 3% 15 8 8 14 16 15 6 10 16 16 124
2017-
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