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EXECUTIVE SUMMARY

INTRODUCTION

Recently, the Mountaintop Mining (MTM) and Valley Fill (VF) operations in the
Appalachian Coal Region have increased. In these operations, the tops of mountains are
removed, coal materials are mined and the excess materials are deposited into adjacent valleys
and stream corridors. The increased number of MTM/VF operations in this region has made it
necessary for regulatory agencies to examine the relevant regulations, policies, procedures and
guidance needed to ensure that the potential individual and cumulative impacts are considered.
This necessity has resulted in the preparation of an Environmental Impact Statement (EIS)
concerning the MTM/VF activities in West Virginia. The U.S. Environmental Protection
Agency (EPA), U.S. Army Corps of Engineers, U.S. Office of Surface Mining, and U.S. Fish
and Wildlife Service, in cooperation with the West Virginia Department of Environmental
Protection, are working to prepare the EIS. The purpose of the EIS is to establish an information
foundation for the development of policies, guidance and coordinated agency decision-making
processes to minimize, to the greatest practicable extent, the adverse environmental effects to the
waters, fish and wildlife resources in the U.S. from MTM operations, and to other environmental
resources that could be affected by the size and location of fill material in VF sites.

Furthermore, the EIS’s purpose is to determine the proposed action, and develop and evaluate a
range of reasonable alternatives to the proposed action.

The U.S. EPA’s Region 3 initiated an aquatic impacts study to support the EIS. From the
spring 1999 through the winter 2000, U.S. EPA Region 3 personnel facilitated collection of
water chemistry, habitat, macroinvertebrate and fish data from streams within the MTM/VF
Region. In addition, data were also collected by three environmental consulting firms,
representing four coal mining companies. The National Exposure Research Laboratory (NERL)
of the U.S. EPA’s Office of Research and Development assembled a database of U.S. EPA and
environmental consulting firm data collected from the MTM/VF Region. Using this combined
data set, NERL analyzed fish and macroinvertebrate data independently to address two study
objectives: 1) determine if the biological condition of streams in areas with MTM/VF operations
is degraded relative to the condition of streams in unmined areas and 2) determine if there are
additive biological impacts to streams where multiple valley fills are located. The results of
these analyses, regarding the aquatic impacts of MTM/VF operations, are provided in this report
for inclusion in the overall EIS.



ANALYTICAL APPROACH AND RESULTS
Fish Data Analyses and Results

The Mid-Atlantic Highlands Index of Biotic Integrity (IBI), was used in the analyses of
the fish data. This index is made up of scores from multiple metrics that are responsive to stress.
Each of the sites sampled was placed into one of six EIS classes (i.e., Unmined, Filled, Mined,
Filled/Residential, Mined/Residential, Additive). Due to inadequate sample size, the
Mined/Residential class was removed from analyses. The Additive class was analyzed
separately because it was made up of sites that were potentially influenced by multiple sources
of stress.

The objective of the IBI analyses were to examine and compare EIS classes to determine
if they are associated with the biological condition of streams. The distributions of IBI scores
showed that the Filled and Mined classes had lower overall IBI scores than the other EIS classes.
The Filled/Residential class had higher IBI scores than the Filled or Mined classes. The
combined Filled/Residential class and the Unmined class had median scores that were similar to
regional reference sites. Unmined and regional reference sites were primarily in the “fair” range
and a majority of the Filled/Residential sites fell within the “good” range.

A standard Analysis of Variance (ANOVA) was used to test for differences among EIS
classes and the Least Square (LS) Means procedure using Dunnett's adjustment for multiple
comparisons tested whether the Filled, Filled/Residential, and Mined EIS classes were
significantly different (p <0.01) from the Unmined class. The ANOVA showed that there were
significant differences among EIS classes. The LS Means test showed that the IBI scores from
Filled and Mined sites were significantly lower than the IBI scores from Unmined sites, and the
IBI scores from Filled/ Residential sites were significantly higher than the IBI scores from
Unmined sites. Of the nine metrics in the IBI, only the Number of Minnow Species and the
Number of Benthic Invertivore Species were significantly different in the Unmined class.
Therefore, it was determined that the primary causes of reduced IBI scores in Filled and Mined
sites were the reductions in these two metrics relative to the Unmined sites.

It was found that Filled, Mined, and Filled/Residential sites in watersheds with areas
greater than 10 km?* had “fair” to “good” IBI scores, while Filled and Mined sites in watersheds
with areas less than 10 km? often had “poor” IBI scores. Of the 14 sites Filled and Mined) in
watersheds with areas greater than 10 km?, four were rated “fair” and ten were rated “good” or
better. Of the 17 sites (Filled and Mined) in watersheds with areas less than 10 km?, only three
were rated “fair” and 14 were rated “poor”. The effects of fills were statistically stronger in
watersheds with areas less than 10 km®. Filled sites had IBI scores that were an average of 14
points lower than Unmined sites. It is possible that the larger watersheds act to buffer the effects
of stress.

Additive sites were considered to be subject to multiple, and possibly cumulative,
sources, and were not included in the analysis of the EIS classes reported above. From the
additive analysis, it was determined that the Twelvepole Creek Watershed, in which the land use



was mixed residential and mining, had “fair” IBI scores in most samples, and there are no
apparent additive effects of the land uses in the downstream reaches of the watershed. Also,
Twentymile Creek, which has only mining-related land uses, may experience impacts from the
Peachorchard tributary. The IBI scores appear to decrease immediately downstream of the
confluence of the two creeks, whereas above the confluence, IBI scores in the Twentymile Creek
are higher than in the Peachorchard Creek. Peachorchard Creek may contribute contaminants or
sediments to Twentymile Creek, causing degradation of the Twentymile IBI scores downstream
of Peachorchard Creek.

The correlations between IBI scores and potential stressors detectable in water were
examined. Zinc, sodium, nickel, chromium, sulfate, and total dissolved solids were associated
with reduced IBI scores. However, these correlations do not imply causal relationships between
the water quality parameters and fish community condition.

Macroinvertebrate Data Analyses and Results

The benthic macroinvertebrate data were analyzed for statistical differences among EIS
classes. Macroinvertebrate data were described using the WVSCI and its component metrics.
The richness metrics and the WVSCI were rarefied to 100 organisms to adjust for sampling
effort. Four EIS classes (i.e.; Unmined, Filled, Mined, and Filled/Residential) were compared
using one-way ANOV As. Significant differences among EIS classes were followed by the Least
Square (LS) Means procedure using Dunnett's adjustment for multiple comparisons to test
whether the Filled, Filled/Residential, and Mined EIS classes were significantly different (p <
0.01) from the Unmined class. Comparisons were made for each of the sampling seasons where
there were sufficient numbers of samples.

The results of the macroinvertebrate analyses showed significant differences among EIS
classes for the WVSCI and some of its component metrics in all seasons except autumn 2000.
Differences in the WVSCI were primarily due to lower Total Taxa, especially for mayflies,
stoneflies, and caddisflies, in the Filled and Filled/Residential EIS classes. Sites in the
Filled/Residential EIS class usually scored the worst of all EIS classes across all seasons.

Using the mean values for water chemistry parameters at each site, the relationships
between WVSCI scores and water quality were determined. The strongest of these relationships
were negative correlations between the WVSCI and measures of individual and combined 1ons.
The WVSCI was also negatively correlated with the concentrations of Beryllium, Selenium, and
Zinc.

Multiple sites on the mainstem of Twentymile Creek were identified as Additive sites
and were included in an analysis to evaluate impacts of increased mining activities in the
watershed across seasons and from upstream to downstream of the Twentymile Creek. Sites
were sampled during four seasons. Pearson correlations between cumulative river kilometer and
the WVSCI and it’s component metrics were calculated. The number of metrics that showed
significant correlations with distance along the mainstem increased across seasons. The WVSCI



was significantly correlated with cumulative river kilometer in Winter 2000, Autumn 2000 and
Winter 2001. For Winter 2001, a linear regression of the WVSCI with cumulative river
kilometer indicated that the WVSCI decreased approximately one point upstream to downstream
for every river kilometer.

MAJOR FINDINGS AND SIGNIFICANCE
Fish Data Findings and Significance

It was determined that IBI scores were significantly reduced at Filled sites compared to
Unmined sites by an average of 10 points, indicating that fish communities were degraded below
VFs. The IBI scores were similarly reduced at sites receiving drainage from historic mining or
contour mining (i.e., Mined sites) compared to Unmined sites. Nearly all Filled and Mined sites
with catchment areas smaller than 10 km? had “poor” IBI scores. At these sites, IBI scores from
Filled sites were an average of 14 points lower than the IBI scores from Unmined sites. Filled
and Mined sites with catchment areas larger than 10 km* had “fair” or “good” IBI scores. Most
of the Filled/Residential sites were in these larger watersheds and tended to have “fair” or
“good” IBI scores.

It was also determined that the Twelvepole Creek Watershed, which had a mix of
residential and mining land uses, had “fair” IBI scores in most samples; there were no apparent
additive effects of the land uses in the downstream reaches of the watershed. Twentymile Creek,
which had only mining-related land uses, had “good” IBI scores upstream of its confluence with
Peachorchard Creek, and “fair” and “poor” scores for several miles downstream of its
confluence with Peachorchard Creek. Peachorchard Creek had “poor” IBI scores, and may have
contributed to the degradation of the Twentymile Creek’s IBI scores downstream of their
confluence.

Macroinvertebrate Data Findings and Significance

The macroinvertebrate analyses showed significant differences among EIS classes for the
WVSCI and some of its metrics in all seasons except autumn 2000. Differences in the WVSCI
were primarily due to lower Total Taxa and lower EPT Taxa in the Filled and Filled/Residential
EIS classes. Sites in the Filled/Residential EIS class usually had the lowest scores of all EIS
classes across all seasons. It was not determined why the Filled/Residential class scored worse
than the Filled class alone. U.S. EPA ( 2001 Draft) found the highest concentrations of sodium
in the Filled/Residential EIS class, which may have negatively impacted these sites compared to
those in the Filled class.

When the results for Filled and Unmined sites alone were examined, significant
differences were observed in all seasons except autumn 1999 and autumn 2000. The lack of
differences between Unmined and Filled sites in autumn 1999 was due to a decrease in Total
Taxa and EPT Taxa at Unmined sites relative to the summer 1999. These declines in taxa
richness metrics in Unmined sites were likely the result of drought conditions. Despite the



relatively drier conditions in Unmined sites during autumn 1999, WVSCI scores and EPT Taxa
richness increased in later seasons to levels seen in the spring 1999, whereas values for Filled
sites stayed relatively low.

In general, statistical differences between the Unmined and Filled EIS classes
corresponded to ecological differences between classes based on mean WVSCI scores.
Unmined sites scored “very good” in all seasons except autumn 1999 when the condition was
scored as “good”. The conditions at Filled sites ranged from “fair” to “good”. However, Filled
sites that scored “good” on average only represented conditions in the Twentymile Creek
watershed in two seasons (i.e., autumn 2000 and winter 2001). These sites are not representative
of the entire MTM/VF study area. On average, Filled sites had lower WVSCI scores than
Unmined sites.

The consistently higher WVSCI scores and the Total Taxa in the Unmined sites relative
to Filled sites across six seasons showed that Filled sites have lower biotic integrity than sites
without VFs. Furthermore, reduced taxa richness in Filled sites is primarily the result of fewer
pollution-sensitive EPT taxa. The lack of significant differences between these two EIS classes
in autumn 1999 appears to be due to the effects of greatly reduced flow in Unmined sites during
a severe drought. Continued sampling at Unmined and Filled sites would improve the
understanding of whether MTM/VF activities are associated with seasonal variation in benthic
macroinvertebrate metrics and base-flow hydrology.

Examination of the Additive sites from the mainstem of Twentymile Creek indicated that
impacts to the benthic macroinvertebrate communities increased across seasons and upstream to
downstream of Twentymile Creek. In the first sampling season one metric, Total Taxa, was
negatively correlated with distance along the mainstem. The number of metrics showing a
relationship with cumulative river mile increased across seasons, with four of the six metrics
having significant correlations in the final sampling season, Winter 2001. Also in Winter of
2001, a regression of the WVSCI versus cumulative river kilometer estimates a decrease of
approximately one point in the WVSCI for each river kilometer. Season and cumulative river
kilometer in this dataset may be surrogates for increased mining activity in the watershed.
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1. INTRODUCTION

1.1. Background

Since the early 1990s, the nature and extent of coal mining operations in the Appalachian
Region of the U.S. have changed. An increased number of large (> 1,200-ha) surface mines
have been proposed and technology has allowed for the expanded role of Mountaintop Mining
(MTM) and Valley Fill (VF) operations. In these operations, the tops of mountains are removed
in order to make the underlying coal accessible (Figure 1-1). The excess materials from the
mountaintop removals typically have been deposited into adjacent valleys and their stream
corridors (Figure 1-2). These depositions cover perennial streams, wetlands and tracts of
wildlife habitat. Given the increased number of mines and the increased scale of mining
operations in the MTM/VF Region, it has become necessary for federal and state agencies to
ensure that the relevant regulations, policies, procedures and guidance adequately consider the
potential individual and cumulative impacts that may result from these projects (U.S. EPA
1999).

1.2. Environmental Impact Statement Development

The U.S. Environmental Protection Agency (EPA), U.S. Army Corps of Engineers
(COE), U.S. Office of Surface Mining (OSM), and U.S. Fish and Wildlife Service (FWS), in
cooperation with the West Virginia Department of Environmental Protection (DEP), are
preparing an Environmental Impact Statement (EIS) concerning the MTM/VF activities in West
Virginia. The purpose of developing the EIS is to facilitate the informed consideration of the
development of policies, guidance and coordinated agency decision-making processes to
minimize, to the greatest extent practicable, the adverse environmental effects to the waters, fish
and wildlife resources in the U.S. from MTM operations, and to other environmental resources
that could be affected by the size and location of fill material in VF sites (U.S. EPA 2001).
Additionally, The EIS will determine the proposed action, and develop and evaluate a range of
reasonable alternatives to the proposed action.

The goals of the EIS are to: (1) achieve the purposes stated above; (2) assess the mining
practices currently being used in West Virginia; (3) assess the additive effects of MTM/VF
operations; (4) clarify the alternatives to MTM; (5) make environmental evaluations of
individual mining projects; (6) improve the capacity of mining operations, regulatory agencies,
environmental groups and land owners to make informed decisions; and (7) design improved
regulatory tools (U.S. EPA 2000). The major components of the EIS will include: human and



Figure 1-1. A MTM operation in West Virginia. The purpose of these operations are to
remove mountaintops in order to make the underlying coal accessible.

Figure 1-2. A VF in operation. The excess materials from a MTM operation are being
placed in this adjacent valley.



community impacts (i.e., quality of life, economic), terrestrial impacts (i.e., visuals, landscape,
biota), aquatic impacts and miscellaneous impacts (i.e., blasting, mitigation, air quality).

1.3. Aquatic Impacts Portion of the EIS

The U.S. EPA’s Region 3 initiated an aquatic impacts study to support the EIS. From the
spring (i.e., April to June) 1999 through the winter (i.e., January to March) 2000, the U.S. EPA
Region 3 collected data from streams within the MTM/VF Region. These data include water
chemistry, habitat, and macroinvertebrates. With cooperation and guidance from the U.S. EPA
Region 3, the Pennsylvania State University’s (PSU’s) School of Forest Resources collected fish
data from streams in the MTM/VF Region. In addition to the data that were collected by the
U.S. EPA Region 3 and PSU, data were also collected by three environmental consulting firms,
representing four coal mining companies. These environmental consulting firms were
Biological Monitoring, Incorporated (BMI); Potesta & Associates, Incorporated (POTESTA);
and Research, Environmental, and Industrial Consultants, Incorporated (REIC).

Three reports which describe the data collected by the U.S. EPA Region 3 and PSU’s
School of Forest Resources were prepared. The first report summarized the condition of streams
in the MTM/VF Region based on the macroinvertebrate data that were collected (Green et al.
2000 Draft). This report provided a descriptive analysis of the macroinvertebrate data. The
second report described the fish populations in the MTM/VF Region based on the fish data
collected by the PSU’s School of Forest Resources (Stauffer and Ferreri 2000 Draft). This report
used a fish index that was developed by the Ohio EPA for larger streams. The third report was a
survey of the water quality of streams in the MTM/VF Region based on the water chemistry data
collected by the U.S. EPA Region 3 (U.S. EPA 2002 Draft).

1.4. Scope and Objectives of This Report

In this document, the National Exposure Research Laboratory (NERL) of the U.S. EPA’s
Office of Research and Development (ORD) has assembled a database of Region 3, PSU and
environmental consulting firm data collected from the MTM/VF Region. Using this combined
data set, NERL analyzed fish and macroinvertebrate data separately to address the study’s
objectives. The results of these analyses will allow NERL to provide a report on the aquatic
impacts of the MTM/VF operations for inclusion in the EIS.

The objectives of this document are to: 1) determine if the biological condition of
streams in areas with MTM/VF operations is degraded relative to the condition of streams in
unmined areas and 2) determine if there are additive biological impacts in streams where
multiple VFs are located.



1.5. Biological Indices

One of the ways in which biological condition is assessed is through the use of biological
indices. Biological indices allow stream communities to be compared by using their diversity,
composition and functional organization. The use of biological indices is recommended by the
Biological Criteria portion of the U.S. EPA’s National Program Guidance for Surface Waters
(U.S. EPA 1990). As of 1995, 42 states were using biological indices to assess impacts to
streams (U.S. EPA 1996).

Two indices were identified as being appropriate for use with data collected from the
MTM/VF Region. These were the Mid-Atlantic Highlands Index of Biotic Integrity (IBI) for
fish (McCormick et al. 2001) and the West Virginia Stream Condition Index (WVSCI) for
invertebrates (Gerritsen et al. 2000).

Due to the lack of a state developed fish index for West Virginia, an index created for use
in the Mid-Atlantic Highlands was selected for evaluation of the fish data. The Mid-Atlantic
Highlands IBI (McCormick et al. 2001) was developed using bioassessment data collected by the
U.S. EPA from 309 wadeable streams from 1993 to 1996 in the Mid-Atlantic Highlands portion
of the U.S. These data were collected using the U.S. EPA’s Environmental Monitoring and
Assessment Program (EMAP) protocols (Lazorchak et al. 1998). Site selection was randomly
stratified. Fish were collected within reaches whose lengths were 40 times the wetted width of
the stream with minimum and maximum reach lengths being 150 and 500 m, respectively. All
fish collected for these bioassessments were identified to the species taxonomic level. An
Analysis of Variance (ANOVA) showed that there were no differences between the ecoregions
in which the data were collected. A subset of the data was used to develop the IBI and another
subset was used to validate the IBI and its component metrics. Fifty-eight candidate metrics
were evaluated. Of these, 13 were rejected because they did not demonstrate an adequate range,
two were rejected because they had excessive signal-to-noise ratios, three were rejected because
they were redundant with other metrics, one was rejected because it remained correlated with
watershed area after it had been adjusted to compensate for area and 30 were rejected because
they were not significantly correlated with anthropogenic impacts. The remaining nine metrics
used in the IBI are described in Table 1-2 (McCormick et al. 2001). All metrics were scored on
a continuous scale from 0 to 10. Three sets of reference condition criteria (i.e., least restrictive,
moderately restrictive, most restrictive) were used to determine the threshold values for the
metrics. For the metrics which decrease with perturbation (Table 1-1), a score of 0 was given if
the value was less than the 5th percentile of the values from non-reference sites and a score of 10
was given if the value was greater than the 50th percentile of the values from reference sites
defined by the most restrictive criteria. For the metrics which increase with perturbation (Table
1-1), a score of 0 was given if the value was greater than the 90th percentile of the values from
non-reference sites and a score of 10 was given if the value was less than the 50th percentile of
the values from reference sites defined by the moderately restrictive criteria. The IBI scores
were scaled from 0 to 100 by summing the scores from the nine metrics and multiplying this sum
by 1.11.



Table 1-1. The nine metrics in the Mid-Atlantic Highlands IBI, their definitions and their
expected responses to perturbations.

Predicted
Metric Metric Description Response to
Stress

Native Intolerant Taxa quber of 1nd1genous taxa that are sensitive to pollution; Decrease

adjusted for drainage area
. . Number of indigenous taxa in the family Cyprinidae (carps

Native Cyprinidae Taxa HIHS genous tax . yLyp (carp Decrease
and minnows); adjusted for drainage area

Native Benthic Invertivores Number of 1nd1g§nous bottom. dwelling taxa that consume Decrease
invertebrates; adjusted for drainage area

Percent Cottidae Percent individuals of the family Cottidae (i.e., sculpins) Decrease
P individuals th ire cl 1 fi i

Percent Gravel Spawners ercent individuals that require clean gravel for reproductive Decrease
success

Percent Piscivore/Invertivores ~ Percent individuals that consume fish or invertebrates Decrease

Percent Macro Omnivore Percent individuals that are large and omnivorous Increase

Percent Tolerant Percent individuals that are tolerant of pollution Increase

Percent Exotic Percent individuals that are not indigenous Increase

The WVSCI (Gerritsen et al. 2000) was developed using bioassessment data collected by
the WVDEP from 720 sites in 1996 and 1997. These data were collected using the U.S. EPA’s
Rapid Bioassessment Protocols (RBP, Plafkin et al. 1989). From these bioassessments, 100
benthic macroinvertebrates were identified to the family taxonomic level from each sample. The
information derived from the analyses of these data were used to establish appropriate site
classifications for bioassessments, determine the seasonal differences among biological metrics,
elucidate the appropriate metrics to be used in West Virginia and define the thresholds that
indicate the degree of comparability of streams to a reference condition. The analyses of these
data showed that there was no benefit to partitioning West Virginia into ecoregions for the
purpose of bioassessment. The analyses also showed that variability in the data could be
reduced by sampling only from late spring through early summer. Using water quality and
habitat criteria, the reference and impaired sites were identified among the 720 sampled sites.
Then, a suite of candidate metrics were evaluated based on their abilities to differentiate between
reference and impaired sites, represent different aspects of the benthic macroinvertebrate
community (i.e., composition, richness, tolerance), and minimize redundancy among individual
component metrics. Based on these evaluations, it was determined that the metrics making up
the WVSCI should be EPT taxa, Total taxa, % EPT, % Chironomidae, the Hilsenhoff Biotic
Index (HBI) and % 2 Dominant taxa (Table 1-2). Next, the values for these metrics were
calculated for all 720 sites and those values were standardized by converting them to a 0-to-100-
point scale. The standardized scores for the six metrics were averaged for each site in order to



obtain index scores. Data collected from West Virginia in 1998 were used to test the index.
This analysis showed that the index was able to discriminate between reference and impaired
sites (Gerritsen et al. 2000).

Table 1-2. The six metrics in the WVSCI, their definitions and their expected responses to

perturbations.
Metric Definition Expected Response
to Perturbation

EPT Taxa The total number of EPT taxa. Decrease

Total Taxa The total number of taxa. Decrease

% EPT The percentage of the sample made up of EPT individuals. Decrease

% Chironomidae The percentage of the sample made up of Chironomidae Increase
individuals.

HBI An index used to quantify an invertebrate assemblage’s tolerance Increase
to organic pollution.

% 2 Dominant taxa  The percentage of the sample made up of the dominant two taxa in Increase

the sample.




2. METHODS AND MATERIALS

2.1. Data Collection

The U.S. EPA Region 3 collected benthic macroinvertebrate and habitat data from spring
1999 through spring 2000. These data were collected from 37 sites in five watersheds (i.e., Mud
River, Spruce Fork, Clear Fork, Twentymile Creek, and Island Creek Watersheds) in the
MTM/VF Region of West Virginia (Figure 2-1). Two sites were added to the study in spring
2000. These additions were a reference site not located near any mining activities and a
supplementary site located near mining activities. Using these data, the U.S. EPA Region 3
developed a report (Green et al. 2000 Draft) which characterized the benthic macroinvertebrate
assemblages in the MTM/VF Region of West Virginia.

The PSU’s School of Forest Resources collected fish data in the MTM/VF Region of
West Virginia and Kentucky. These data were collected from 58 sites in West Virginia and from
15 sites in Kentucky. The data collected from the Kentucky sites will not be used in this
document. All of PSU’s West Virginia sites were located in the same five watersheds from
which the U.S. EPA Region 3 collected benthic macroinvertebrate, habitat and water quality data
and most of these sites were located near the locations from which the U.S. EPA Region 3
collected these data. Data were collected in autumn 1999 and spring 2000. The results of this
study were reported by Stauffer and Ferreri (2000 Dratft).

The U.S. EPA Region 3 collected water quality data and water samples for chemical
analyses from October 1999 through February 2001. These data were collected from the same
37 sites from which the U.S. EPA Region 3 collected benthic macroinvertebrate and habitat data.
Using these data, the U.S. EPA Region 3 developed a report (U.S. EPA 2002 Draft) which
characterized the water quality of streams in the MTM/VF Region of West Virginia.

The environmental consulting firm, BMI, collected water quality, water chemistry,
habitat, benthic macroinvertebrate and fish data in the MTM/VF Region of West Virginia.
These data were collected for Arch Coal, Incorporated from 37 sites in the Twentymile Creek
Watershed and for Massey Energy Company from 11 sites in the Island Creek Watershed.

In addition, the environmental consulting firm, REIC, collected water quality, water
chemistry, habitat, benthic macroinvertebrate and fish data in the MTM/VF Region of West
Virginia. These data were collected for the Penn Coal Corporation from 18 sites in the
Twelvepole Creek Watershed. Although the Twelvepole Creek Watershed is not among the
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Figure 2-1. Study area for the aquatic impacts study of the MTM/VF Region of West
Virginia.

watersheds from which the U.S. EPA Region 3 collected ecological data, some of these data will
be considered in this report.

Finally, the environmental consulting firm, POTESTA, collected water quality, water
chemistry, habitat, benthic macroinvertebrate, and fish data in the MTM/VF Region of West
Virginia. These data were collected for the Fola Coal Company from ten sites in the Twentymile
Creek Watershed (See Appendix E for a summary of benthic methods used by all groups).

2.2. Site Classes

Each of the sites sampled by the U.S. EPA Region 3, PSU or one of the participating
environmental consulting firms was placed in one of six classes. These six classes were: 1)



Unmined, 2) Filled, 3) Mined, 4) Filled/Residential, 5) Mined/Residential and 6) Additive. The
Unmined sites were located in areas where there had been no mining activities upstream. The
Filled sites were located downstream of at least one VF. The Mined sites were located
downstream of some mining activities but were not downstream of any VFs. The
Filled/Residential sites were located downstream of at least one VF, and were also near
residential areas. The Mined/Residential sites were located downstream of mining activity, and
were also near residential areas. The additive sites were located on a mainstem of a watershed
and were downstream of multiple VFs and VF-influenced streams.

2.3. Study Areas
2.3.1. Mud River Watershed

The headwaters of the Mud River are in Boone County, West Virginia, and flow
northwest into Lincoln County, West Virginia. Although the headwaters of this watershed do
not lie in the primary MTM/VF Region, there is a portion of the watershed that lies
perpendicular to a five-mile strip of land in which mining activities are occurring. From the
headwaters to the northwestern boundary of the primary MTM/VF Region, the watershed lies in
the Cumberland Mountains of the Central Appalachian Plateau. The physiography is
unglaciated, dissected hills and mountains with steep slopes and very narrow ridge tops and the
geology is Pennsylvania sandstone, siltstone, shale, and coal of the Pottsville Group and
Allegheny Formation (Woods et al. 1999). The primary land use is forest with extensive coal
mining, logging, and gas wells. Some livestock farms and scattered towns exist in the wider
valleys. Most of the low-density residential land use is concentrated in the narrow valleys
(Green et al. 2000 Draft).

The U.S. EPA Region 3 sampled ten sites in the Mud River Watershed (Figure 2-2, Table
2-1). Brief descriptions of these sites are given below and more complete descriptions are given
in Green et al. (2000 Draft). Site MTO1 was established on the Mud River and the major
disturbances at this site are a county road and residences. There also have been a few historical
mining activities conducted upstream of site MTO1. Site MT02 was established on Rush Patch
Branch upstream of all residences and farms. While there is no history of mining in this sub-
watershed, there is evidence of logging and gas well development. Site MTO03 was established
well above the mouth of Lukey Fork. Logging is the only known disturbance upstream of this
site. Site MT13 was established on the Spring Branch of Ballard Fork. Other than historical
logging activity, there is very little evidence of human disturbance associated with this site. Site
MT14 was established on Ballard Fork. It is located downstream of eight VFs for which the
mining permits were issued in 1985, 1988 and 1989. Site MT15 was established on Stanley
Fork, located downstream of six VFs for which mining permits were issued in 1988, 1989, 1991,
1992 and 1995. Site MT24 was established in a sediment control structure on top of the mining
operation located in the Stanley Fork sub-watershed. Site MT18 was established on Sugartree
Branch. It was located downstream of two VFs for which the mining permits were
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Figure 2-2. Sites sampled in the Mud River Watershed.



Table 2-1. Sites sampled in the Mud River Watershed.

Site ID/Organization Stream Name EIS Class
U.S. EPA Region 3

MTO1 Mud River Mined/Residential
MTO02 Rushpatch Branch Unmined
MTO03 Lukey Fork Unmined
MT13 Spring Branch Unmined
MT14 Ballard Fork Filled
MT15 Stanley Fork Filled
MT24 Unnamed Trib. to Stanley Fork Sediment Control Structure
MTI18 Sugartree Branch Filled
MT23 Mud River Filled/Residential
MTI16 Unnamed Trib. to Sugartree Branch Mined

issued in 1992 and 1995. Site MT23 was established on the Mud River downstream of mining
activities. These activities include active and inactive surface mines and one active underground
mine. In the spring of 2000, Site MT16 was established on an unnamed tributary to Sugartree
Branch. This site was downstream of historical surface mining activities, but was not
downstream of any VFs (Green et al. 2000 Draft).

2.3.2. Spruce Fork Watershed

The Spruce Fork Watershed drains portions of Boone and Logan Counties, West
Virginia. The stream flows in a northerly direction to the town of Madison, West Virginia where
it joins Pond Fork to form the Little Coal River. Approximately 85 to 90% of the watershed
resides in the primary MTM region. Only the northwest corner of the watershed lies outside of
this region. The entire watershed lies in the Cumberland Mountains sub-ecoregion (Woods et al.
1999). The watershed has been the location of surface and underground mining for many years,
therefore, much of the watershed has been disturbed (Green et al. 2000 Draft).

The U.S. EPA Region 3 sampled eight sites in the Spruce Fork Watershed (Figure 2-3,
Table 2-2). Brief descriptions of these sites are given below and more complete descriptions are
given in Green et al. (2000 Draft). The U.S. EPA Region 3 Site MT39 was established on White
Oak Branch and no mining activities existed in this area. Site MT40 was established on Spruce
Fork. It is located downstream of seven known surface mining VFs and three VFs associated
with refuse disposal. Site MT42 was established on Oldhouse Branch, located upstream of all
residences and there is no known history of mining activities in this area. Site MT45 was
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Figure 2-3. Sites sampled in the Spruce Fork Watershed.



Table 2-2. Sites sampled in the Spruce Fork Watershed.

Site ID/Organization Stream Name EIS Class
U.S. EPA Region 3

MT39 White Oak Branch Unmined
MT40 Spruce Fork Filled/Residential
MT42 Oldhouse Branch Unmined
MT45 Pigeonroost Branch Mined
MT32 Beech Creek Filled
MT34B Left Fork Filled
MT48 Spruce Fork Filled/Residential
MT25B Rockhouse Creek Filled

established on Pigeonroost Branch. This site was located upstream of all residences but
downstream of contour mining activities that occurred between 1987 and 1989. Site MT32 was
established on Beech Creek. It was located downstream of five VFs and surface and
underground mining activities. Site MT34B was established on the Left Fork of Beech Creek. It
was located downstream of VFs and surface and underground mining activities. Site MT48 was
established on Spruce Fork just upstream of Rockhouse Creek. There are known to be 22 VFs
and several small communities upstream of this site. Site MT25B was established on Rockhouse
Creek, located downstream of a sediment pond and a very large VF (Green et al. 2000 Draft).

2.3.3. Clear Fork Watershed

Clear Fork flows north toward its confluence with Marsh Fork where they form the Big
Coal River near Whitesville, West Virginia. The entire watershed lies within Raleigh County,
West Virginia within the Cumberland Mountains sub-ecoregion and, except for a very small
portion, it lies within the primary MTM region (Woods et al. 1999). The coal mining industry
has been active in this watershed for many years. Both surface and underground mining have
occurred in the past and presently continue to be mined. There were no unmined sites sampled
from this watershed (Green et al. 2000 Draft).

The U.S. EPA Region 3 sampled eight sites in the Clear Fork Watershed (Figure 2-4,
Table 2-3). Brief descriptions of these sites are given below and more complete descriptions are
given in Green et al. (2000 Draft). The U.S. EPA Region 3 Site MT79 was established on Davis
Fork. It was located downstream of mining activities. Site MT78 was established on Raines
Fork. It was located downstream of historical contour and underground mining. Site MT81 was
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Figure 2-4. Sites sampled in the Clear Fork Watershed.



Table 2-3. Sites sampled in the Clear Fork Watershed.

Site ID/Organization Stream Name EIS Class
U.S. EPA Region 3
MT79 Davis Fork Mined
MT78 Raines Fork Mined
MT81 Sycamore Creek Mined
MT75 Toney Fork Filled/Residential
MT70 Toney Fork Filled/Residential
MT69 Ewing Fork Mined/Residential
MT64 Buffalo Fork Filled
MT62 Toney Fork Filled/Residential

established on Sycamore Creek. It was located downstream of historical contour and
underground mining and it is downstream of a plant that treats mine effluent. Site MT75 was
established on Toney Fork. It was located downstream of five VFs, MTM activities and
numerous residences. Site MT70 was established approximately 1 km (0.6 mi) downstream of
Site MT75. It was located downstream of six VFs, MTM activities and numerous residences.
This site was only sampled during autumn 1999 and winter and spring 2000. Site MT69 was
established on Ewing Fork. It was located downstream of some historical contour and
underground mining activities and a residence. Site MT64 was established on Buffalo Fork. It
was located downstream of historical contour mining, current MTM activities, five VFs and a
small amount of pasture. Site MT62 was established on Toney Fork. It was located downstream
of 11 VFs, numerous residences and a small amount of pasture (Green et al. 2000 Draft).

2.3.4. Twentymile Creek Watershed

Twentymile Creek drains portions of Clay, Fayette, Kanawha, and Nicholas Counties,
West Virginia. It generally flows to the southwest where it joins the Gauley River at Belva,
West Virginia. Except for a small area on the western edge of the watershed, it is within the
primary MTM region and the entire watershed lies within the Cumberland Mountains sub!(]
ecoregion (Woods et al. 1999). Upstream of Vaughn, West Virginia, the watershed is
uninhabited and logging, mining, and natural gas extracting are the primary activities. The
majority of the mining activity has been conducted recently. Downstream of Vaughn, there are
numerous residences and a few small communities (Green et al. 2000 Draft).

The U.S. EPA Region 3 sampled seven sites in the Twentymile Creek Watershed (Figure
2-5, Table 2-4). Brief descriptions of these sites are given below and more complete description
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Figure 2-5. Sites sampled in the Twentymile Creek Watershed.

are given in Green et al. (2000 Draft). The U.S. EPA Region 3 Site MT95 was established on
Neil Branch. There were no known disturbances upstream of this site. Site MT91 was

established on Rader Fork. The only known disturbance to this site was a road with considerable

coal truck traffic. Site MT&7 was established on Neff Fork downstream of three VFs and a

mine drainage treatment plant. Site MT86 was located on Rader Fork downstream of Site MT91

and Neff Fork and it was, therefore, downstream of three VFs and a mine drainage treatment

plant. Site MT103 was established on Hughes Fork. It was downstream of six VFs. Site MT98
was established on Hughes Fork. It was downstream of Site MT103 and eight VFs. Site MT104

was established on Hughes Fork. It was downstream of Site MT103, Site MT98, eight VFs and
a sediment pond (Green et al. 2000 Draft).



Table 2-4. Sites sampled in the Twentymile Creek Watershed. Equivalent sites are noted

parenthetically.
Site ID/Organization Stream Name EIS Class
U.S. EPA Region 3
MTO95 (=Neil-5) Neil Branch Unmined
MT91 Rader Fork Unmined
MT87 (=Rader-4) Neff Fork Filled
MT86 (=Rader-7) Rader Fork Filled
MT103 Hughes Fork Filled
MT98 Hughes Fork Filled
MT104 Hughes Fork Filled
BMI

Rader 8 Twentymile Creek Additive
Rader 9 Twentymile Creek Additive
PMC-TMC-36 Twentymile Creek Additive
PMC-TMC-35 Twentymile Creek Additive
PMC-TMC-34 Twentymile Creek Additive
PMC-TMC-33 Twentymile Creek Additive
PMC-TMC-31 Twentymile Creek Additive
PMC-TMC-30 Twentymile Creek Additive
PMC-TMC-29 Twentymile Creek Additive
PMC-TMC-28 Twentymile Creek Additive
PMC-TMC-27 Twentymile Creek Additive
PMC-TMC-26 Twentymile Creek Additive
PMC-7 Twentymile Creek Additive
PMC-6 Twentymile Creek Additive
PMC-5 Twentymile Creek Additive
PMC-TMC-4 Twentymile Creek Additive
PMC-TMC-5 Twentymile Creek Additive
PMC-TMC-314 Twentymile Creek Additive
PMC-TMC-2 Twentymile Creek Additive
PMC-TMC-1 Twentymile Creek Additive

Continued



Table 2-4. Continued.

Site ID/Organization Stream Name EIS Class
BMI (Continued)
PMC-HWB-1 Twentymile Creek Additive
PMC-HWB-2 Twentymile Creek Additive
Neil-6 (=Fola 48) Twentymile Creek Additive
Neil-7 (=Fola 49) Twentymile Creek Additive
Neil-2 (=Fola 53) Neil Branch Unmined
Neil-5 (=MT095) Neil Branch Unmined
Rader-1 Laurel Run Unmined
Rader-2 Rader Fork Unmined
Rader-3 Trib. to Rader Unmined
Rader-4 (=MT87) Neff Fork Filled (2)
Rader-5 Neff Fork Filled (2)
Rader-6 Trib. to Neff Filled (1)
Rader-7 (=MT86) Rader Fork Filled (2)
PMC-1 Sugarcamp Branch Filled (1)
PMC-11 Right Fork Filled (1)
PMC-12 Road Fork Filled (1)
PMC-15 Tributary to Robinson Fork. Filled (1)
POTESTA

Fola 33 Twentymile Creek Additive
Fola 36 Twentymile Creek Additive
Fola 37 Twentymile Creek Additive
Fola 38 Twentymile Creek Additive
Fola 48 (=Neil-6) Twentymile Creek Additive
Fola 49 (=Neil-7) Twentymile Creek Additive

Fola 39
Fola 40
Fola 45
Fola 53 (=Neil-2)

Peachorchard Branch
Peachorchard Branch

Peachorchard Branch

Neil Branch

Filled (2 small)
Filled (1 small)
Unmined

Unmined




2.3.5. Island Creek Watershed

Island Creek generally flows north toward Logan, West Virginia where it enters the
Guyandotte River. The entire watershed is confined to Logan County. With the exception of the
northern portion, the watershed lies within the primary MTM region and the entire watershed
lies within the Cumberland Mountains sub-ecoregion (Woods et al. 1999). Extensive
underground mining has occurred in the watershed for many years. As the underground reserves
have been depleted and the economics of the area have changed, surface mining has played a
larger role in the watershed (Green et al. 2000 Draft).

The U.S. EPA Region 3 sampled eight sites in the Island Creek Watershed (Figure 2-6,
Table 2-5). Brief descriptions of these sites are given below and more complete descriptions are
given in Green et al. (2000 Draft). The U.S. EPA Region 3 Site MT50 was located on Cabin
Branch in the headwaters of the sub-watershed and upstream of any disturbances. Site MT51
was also established on Cabin Branch located downstream of Site MT50 and a gas well. Site
MT107 was established on Left Fork in the spring of 2000, located upstream of the influence of
VFs. Site MT52 was established near the headwaters of Cow Creek. It was located upstream of
VFs, but downstream of an underground mine entrance, a small VF and a sediment pond. Site
MT57B was established on Hall Fork for sampling in the spring and summer 1999. It was
located downstream of a sediment pond and a VF. In the autumn 1999, Site MT57 was
established near the mouth of Hall fork. It was farther downstream than Site MT57B and was
downstream of a sediment pond and a VF. Site MT60 was established on Left Fork, downstream
of Site MT107. It was located downstream of two existing VFs and three proposed VFs. Site
MTS55 was established on Cow Creek, downstream of Site MT52. It was located downstream of
four VFs associated with MTM, one VF associated with underground mining, residences, a log
mill, orchards, vineyards, cattle, and a municipal sewage sludge disposal site (Green et al. 2000
Draft).
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Figure 2-6. Sites sampled in the Island Creek Watershed.




Table 2-5. Sites sampled in the Island Creek Watershed.

Site Stream Name EIS Class
U.S. EPA Region 3

MT50 Cabin Branch Unmined
MT51 Cabin Branch Unmined
MT107 Left Fork Unmined
MT52 Cow Creek Filled
MT57B Hall Fork Filled
MT57 Hall Fork Filled
MT60 Left Fork Filled
MTS55 Cow Creek Filled/Residential

BMI
Mingo 34 Filled (1)
Mingo 41 Filled (2)
Mingo 39 Filled (1) + old mining
Mingo 16 Unmined
Mingo 11 Unmined
Mingo 2 Unmined
Mingo 86 Unmined
Mingo 62 Unmined
Mingo 38 Island Creek Additive
Mingo 24 Island Creek Additive
Mingo 23 Island Creek Additive

2.3.6. Twelvepole Creek Watershed

The East Fork of the Twelvepole Creek Watershed drains portions of Mingo, Lincoln,
and Wayne Counties, West Virginia. The stream flows northwest to the town of Wayne, West
Virginia where it joins the West Fork of Twelvepole Creek then continues to flow on into the
Ohio River at Huntington, West Virginia. The East Fork of Twelvepole Creek is impounded by
East Lynn Lake near Kiahsville, West Virginia in Wayne County (West Virginia DEP, Personal
Communication).

The East Fork of the Twelvepole Creek Watershed encompasses approximately 445 km®
(172 mi?) of drainage area and is 93.3% forested. Prior to 1977, very little mining had occurred



in the watershed south of East Lynn Lake. Since 1987, several surface mining operations have
been employed in the Kiah Creek and the East Fork of Twelvepole Creek watersheds (Critchley
2001). Currently, there are 23 underground mining, haul road and refuse site permits, and 21
surface mining permits in the watershed (West Virginia DEP, Personal Communication).

REIC has conducted biological evaluations in the East Fork of the Twelvepole Creek
Watershed since 1995. Five stations have been sampled on Kiah Creek (Figure 2-7, Table 2-6).
Station BM-003A was located in the headwaters of Kiah Creek, upstream from surface mining
and residential disturbances. Station BM-003 was located near the border of Lincoln and Wayne
Counties and it was downstream from several surface mining operations and several residential
disturbances. Station BM-004 was located on Kiah Creek downstream from the surface mining
operations on Queens Fork and Vance Branch, near the confluence of Jones Branch, downstream
from Trough Fork, and downstream of residential disturbances. Station BM-004A was located
downstream from the confluence of Big Laurel Creek, surface mining operations and residential
disturbances.

Two stations were sampled in Big Laurel Creek (Figure 2-7, Table 2-6). This tributary
has only residential disturbances in its watershed. Station BM-UBLC was located near the
headwaters of Big Laurel Creek. Station BM-DBLC was located near the confluence of Big
Laurel Creek with Kiah Creek.

Eight stations were sampled on the East Fork of Twelvepole Creek (Figure 2-7, Table 2-
6). Station BM-001A was located just downstream from confluence of McCloud Branch and
was downstream of a residential disturbance. Station BM-001C was located downstream of the
confluence of Laurel Branch which currently has a VF, additional proposed VFs, and residences.
Station BM-001B was located downstream of the confluence of Wiley Branch which has
residences, numerous current VFs and additional VFs under construction or being proposed.
Station BM-001 was located upstream from the confluence of Bluewater Branch but downstream
from the Wiley Branch and Laurel Branch surface mining operations and residences. Station
BM-010 was downstream from the Franks Branch mining operation and residences. Station
BM-011 was located downstream from the Maynard Branch operations and residences. Station
BM-002 was located downstream from the Devil Trace surface mining operation and residences.
Station BM-002A was located downstream of Milam Creek and all mining operations and
residences in this sub-watershed.

Two stations were located in Milam Creek, a tributary of the East Fork of Twelvepole
Creek (Figure 2-7, Table 2-6). Milam Creek has no mining operations or residential
disturbances in its watershed. Station BM-UMC was located near the headwaters of Milam
Creek and station BM-DMC was located near the confluence of Milam Creek with the East Fork
of Twelvepole Creek.
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Table 2-6. Sites sampled in the Twelvepole Creek Watershed. Equivalent sites are noted

parenthetically.
Site ID/Organization Stream Name EIS Class
REIC

BM-003A Kiah Creek Additive
BM-003 Kiah Creek Additive
BM-004 Kiah Creek Additive
BM-004A Kiah Creek Additive
BM-DBLC Big Laurel Creek Unmined
BM-UBLC Big Laurel Creek Unmined
BM-001A Twelvepole Creek Additive
BM-001C Twelvepole Creek Additive
BM-001B Twelvepole Creek Additive
BM-001 Twelvepole Creek Additive
BM-010 Twelvepole Creek Additive
BM-011 Twelvepole Creek Additive
BM-002 Twelvepole Creek Additive
BM-002A Twelvepole Creek Additive
BM-UMC Milam Creek Unmined
BM-DMC Milam Creek Unmined
BM-005 Trough Fork Additive
BM-006 Trough Fork Additive

2.4. Data Collection Methods

The data for this study were generated by five different organizations (i.e., U.S. EPA
Region 3, PSU, BMI, POTESTA and REIC). The methods used to collect each of the four
different types of data (i.e., habitat, water quality, fish assemblage and macroinvertebrate
assemblage) are described below. This information is summarized in tabular form in Appendix
A.



2.4.1. Habitat Assessment Methods
2.4.1.1. U.S. EPA Region 3 Habitat Assessment

The U.S. EPA Region 3 used the RBP (Barbour et al. 1999) to collect habitat data at each
site. Although some parameters require observations of a broader section of the catchment area,
the habitat data were primarily collected in a 100-m reach that includes the portion of the stream
where biological data (i.e., fish and macroinvertebrate samples) were collected. The RBP habitat
assessment evaluates ten parameters (Appendix A).

The U.S. EPA Region 3 measured substrate size and composition in order to help
determine if excessive sediment was causing any biological impairments (Kaufmann and
Robison 1998). Numeric scores were assigned to the substrate classes that are proportional to
the logarithm of the midpoint diameter of each size class (Appendix A).

2.4.1.2. BMI Habitat Assessment

The Standard Operating Procedures (SOPs) submitted by BMI make no mention of
habitat assessment methods.

2.4.1.3. POTESTA Habitat Assessment

POTESTA collected physical habitat data using methods outlined in Kaufmann et al.
(1999) or in Barbour et al. (1999, Appendix A). The habitat assessments were performed on the
same reaches from which biological sampling was conducted. A single habitat assessment form
was completed for each sampling site. This assessment form incorporated features of the
selected sampling reach as well as selected features outside the reach but within the catchment
area. Habitat evaluations were first made on in-stream habitat, followed by channel
morphology, bank structural features, and riparian vegetation.

2.4.1.4. REIC Habitat Assessment

The SOPs submitted by REIC make no mention of habitat assessment methods.



2.4.2. Water Quality Assessment Methods
2.4.2.1. U.S. EPA Water Quality Assessment

The U.S. EPA Region 3 measured conductivity, pH, temperature and dissolved oxygen
(DO) in situ and the flow rate of the stream at the time of sampling. Each of these measurements
was made once at each site during each field visit. The U.S. EPA Region 3 also collected water
samples for laboratory analyses. These samples were analyzed for the parameters given in Table
2-7.

2.4.2.2. BMI Water Quality Assessment

The SOPs submitted by BMI make no mention of water quality assessment methods.

2.4.2.3. POTESTA Water Quality Assessment

POTESTA measured conductivity, pH, temperature and DO in situ. These measurements
were taken once upstream from each biological sampling site, and were made following the
protocols outlined in U.S. EPA (1979). The stream flow rate was also measured at or near each
sampling point. One of the three procedures (i.e., velocity-area, time filling, or neutrally
buoyant object) outlined in Kaufmann (1998) was used at each site. POTESTA also collected
water samples at each site directly upstream of the location of the biological sampling. These
samples were analyzed in the laboratory for the suite of analytes listed in Table 2-7.

2.4.2.4. REIC Water Quality Assessment

REIC recorded water body characteristics (i.e., size, depth and flow) and site location at
each site. Grab samples were collected and delivered to the laboratory for analysis. The SOPs
submitted by REIC make no mention of which analytes were measured in the laboratory.

2.4.3. Fish Assemblage Methods
2.4.3.1. PSU Fish Assemblage Assessment

The PSU, in consultation with personnel from U.S. EPA Region 3, sampled fish
assemblages at 58 sites in West Virginia. The fish sampling procedures generally followed those
in McCormick and Hughes (1998). Fish were collected by making three passes using a
backpack electrofishing unit. Each pass proceeded from the downstream end of the reach to the
upstream



Table 2-7. Parameters used by each organization for lab analyzed water samples.

Parameter Organizations
U.S. EPA BMI POTESTA REIC
Acidity Yes Unknown Yes Unknown
Alkalinity Yes Unknown Yes Unknown
Chloride Yes Unknown Yes Unknown
Hardness Yes Unknown Yes Unknown
Nitrate(NO;) + Nitrite (NO,) Yes Unknown Yes Unknown
Sulfate Yes Unknown Yes Unknown
Total Suspended Solids (TSS) Yes Unknown Yes Unknown
Total Dissolved Solids (TDS) Yes Unknown Yes Unknown
Total Organic Carbon (TOC) Yes Unknown Yes Unknown
Coarse Particulate Organic Matter (CPOM) No Unknown Yes Unknown
Fine Particulate Organic Matter (FPOM) No Unknown Yes Unknown
Total Dissolved Organic Carbon (TDOC) Yes Unknown No Unknown
Total Aluminum Yes Unknown Yes Unknown
Dissolved Aluminum Yes Unknown Yes Unknown
Total Antimony Yes Unknown Yes Unknown
Total Arsenic Yes Unknown Yes Unknown
Total Barium Yes Unknown No Unknown
Total Beryllium Yes Unknown Yes Unknown
Total Cadmium Yes Unknown Yes Unknown
Total Calcium Yes Unknown Yes Unknown
Total Chromium Yes Unknown Yes Unknown
Total Cobalt Yes Unknown No Unknown
Total Copper Yes Unknown Yes Unknown
Total Iron Yes Unknown Yes Unknown

(Continued)

Table 2-7. Continued.



Parameter Organizations

U.S. EPA BMI POTESTA REIC
Dissolved Iron Yes Unknown Yes Unknown
Total Lead Yes Unknown Yes Unknown
Total Magnesium Yes Unknown Yes Unknown
Total Manganese Yes Unknown Yes Unknown
Dissolved Manganese Yes Unknown Yes Unknown
Total Mercury Yes Unknown Yes Unknown
Total Nickel Yes Unknown Yes Unknown
Total Potassium Yes Unknown Yes Unknown
Total Phosphorous Yes Unknown Yes Unknown
Total Selenium Yes Unknown Yes Unknown
Total Silver Yes Unknown Yes Unknown
Total Sodium Yes Unknown Yes Unknown
Total Thallium Yes Unknown Yes Unknown
Total Vanadium Yes Unknown No Unknown
Total Zinc Yes Unknown Yes Unknown

end of the reach. Block nets were used only when natural barriers (i.e., shallow riffles) were not
present. The fish collected from each pass were kept separate. Fish were identified to the
species level and enumerated. The standard length of each fish was measured to the nearest mm
and each fish was weighed to the nearest 0.01 g.

2.4.3.2. BMI Fish Assemblage Assessment

The SOPs submitted by BMI make no mention of fish assemblage assessment methods.



2.4.3.3. POTESTA Fish Assemblage Assessment

POTESTA collected fish by using the three-pass depletion method of Van Deventer and
Platts (1983) with a backpack electrofishing unit. Each of the three passes proceeded from the
downstream end of the reach to the upstream end of the reach. The fish collected from each pass
were kept separate. Additional passes were made if the numbers of fish did not decline during
the two subsequent passes. Game fish and rare, threatened or candidate (RTC) fish species were
identified, their total lengths were recorded to the nearest mm, and their weights were recorded
to the nearest g. With the exception of small game and non-RTC fish, the captured fish were
released. Small game fish and non-RTC fish that were collected during each pass were
preserved separately and transported to the laboratory for analysis. Preserved fish were
identified and weighed to the nearest g.

2.4.3.4. REIC Fish Assemblage Assessment Methods

REIC collected fish by setting block nets across the stream and perpendicular to the
stream banks, then progressing upstream with a backpack electrofishing unit. The entire reach
was surveyed three times. After each survey, all large fish were identified using guidelines
given by Trautman (1981) and Stauffer et al. (1995). The total lengths of the fish were measured
to the nearest mm and they were weighed to the nearest g. After all three passes were
completed, the large fish were returned to the stream. Small fish which required microscopic
verification of their identification were preserved and transported to the laboratory. Once in the
laboratory, small fish were identified using guidelines given by Trautman (1981) and Stauffer et
al. (1995). After identification, the total lengths of the fish were measured to the nearest mm,
they were weighed to the nearest 0.1 g and their identifications were reconfirmed.

2.4.4. Macroinvertebrate Assemblage Methods
2.4.4.1. U.S. EPA Region 3 Macroinvertebrate Assemblage Assessment

The U.S. EPA’s Region 3 used RBPs to assess benthic macroinvertebrate assemblages
(Barbour et al. 1999). Samples were collected from riffles only. A 0.5 m wide rectangular dip
net with 595-pm mesh was used to collect organisms in a 0.25 m? area upstream of the net. At
each site, four samples were taken, and composited into a single sample, representing a total area
sampled of approximately 1.0 m*>. The RBPs recommend the total area sampled to be 2.0 m* but
that was reduced to 1.0 m? for this study due to the small size of the streams. Benthic
macroinvertebrate samples were collected in each season except when there was not enough
flow for sampling. Approximately 25% of the sites were sampled in replicate to provide
information on within-season and within-site variability. These replicate samples were collected
at the same time, usually from adjacent locations in the same riffle.



The samples collected by the U.S. EPA Region 3 were sub-sampled in the laboratory so
that /s of the composite samples were picked. All organisms in the sub-sample were identified
to the family level, except for oligochetes and leeches, which were identified to the class level.
Organisms were identified using published taxonomic references (i.e., Pennak 1989, Pecharsky
et al. 1990, Stewart and Stark 1993, Merritt and Cummins 1996, Westfall and May 1996,
Wiggins 1998).

2.4.4.2. BMI Macroinvertebrate Assemblage Methods

BMI collected samples using a kick net with a 0.5 m width and a 600 um mesh size. The
net was held downstream of the 0.25 m” area that was to be sampled. All rocks and debris that
were in the 0.25 m? area were scrubbed and rinsed into the net and removed from the sampling
area. Then, the substrate in the 0.25 m? area was vigorously disturbed for 20 seconds. This
process was repeated four times at each sampling site and the four samples were composited into
a single sample.

BMI also collected samples using a 0.09 m* (1.0 ft*) Surber sampler with a 600 wm mesh
size. The frame of the sampler was placed on the stream bottom in the area that was to be
sampled. All large rocks and debris that were in the 1.0-ft* frame were scrubbed and rinsed into
the net and removed from the sampling area. Then, the substrate in the 1.0 ft* frame was
vigorously disturbed for 20 seconds. In autumn 1999 and spring 2000, no samples were collected
with Surber samplers. In autumn 2000, six Surber samples were collected at each site, and in
spring 2001, four Surber samples were collected. All Surber samples were kept separate.

In the laboratory, the samples were rinsed using a sieve with 700 pm mesh. All
macroinvertebrates in the samples were picked from the debris. Each organism was identified to
the taxa level specified in the project study plan.

2.4.4.3. POTESTA Macroinvertebrate Assemblage Assessment

POTESTA collected samples of macroinvertebrates using a composite of four 600 um
mesh kick net samples and following the U.S. EPA’s RBPs (Barbour et al. 1999). For each of
the four kick net samples, all large debris within a 0.25 m* area upstream of the kick net were
brushed into the net. Then, the substrate in the 0.25 m? area was disturbed for 20 seconds. Once
all four kick net samples were collected, they were composited into a single labeled jar.

POTESTA used Surber samplers to collect macroinvertebrate samples at selected sites.
Surber samples were always collected in conjunction with kick net samples. At sites selected for
quantitative sampling, a Surber sampler was placed on the stream bottom in a manner so that all
sides were flat against the stream bed. Large cobble and gravel within the frame were
thoroughly brushed and the substrate within the frame was disturbed for a depth of up to 7.6 cm



(3.0 in) with the handle of the brush. The sample was then placed in a labeled jar. The SOPs
submitted by POTESTA make no mention of the area sampled or the number of samples
collected with the Surber samplers.

In the laboratory, all organisms in the samples were identified by qualified freshwater
macroinvertebrate taxonomists to the lowest practical taxonomic levels using Wiggins (1977),
Stewart and Stark (1988), Pennak (1989) and Merritt and Cummins (1996). To ensure the
quality of the identifications, 10% of all samples were re-picked and random identifications were
reviewed.

2.4.4.4. REIC Macroinvertebrate Assemblage Assessment

REIC collected macroinvertebrate samples using a 600 um mesh D-frame kick net. The
kick net was positioned in the stream with the net outstretched with the cod end on the
downstream side. The person using the net then used a brush to scrub any rocks within a 0.25 m
area in front of the net, sweeping dislodged material into the net. The person then either kicked
up the substrate in the 0.25 m* area in front of the net or knelt and scrubbed the substrate in that
area with one hand. The substrate was scrubbed or kicked for up to three minutes, with the
discharged material being swept into the net. This procedure was repeated four times so that the
total area sampled was approximately 1.0 m*>. Once collected, the four samples were composited
into a single sample.

2

REIC also collected macroinvertebrate samples using Surber samplers with sampling
areas of 0.09 m* (1 ft*). These samplers were only used in areas where the water depth was less
than 0.03 m (1 ft). The SOPs submitted by REIC make no mention of the mesh size used in the
Surber samplers. The Surber sampler was placed in the stream, with the cod end of the net
facing downstream. The substrate within the 1 ft* area was scrubbed for a period of up to three
minutes and to a depth of approximately 7.62 cm (3 in). While being scrubbed, the dislodged
material was swept into the net. After scrubbing was complete, rocks in the sampling area were
checked for clinging macroinvertebrates. Once they had been removed, the material in the net
was rinsed and the sample was deposited into a labeled sampling jar. Three Surber samples were
collected at each site where they were used. These samples were not composited.

In the laboratory, REIC processed all samples individually. Samples were poured
through a 250 um sieve and rinsed with tap water. The sample was then split into quarters by
placing it on a sub-sampling tray fitted with a 500 um screen and spread evenly over the tray.
The sample in the first quarter of the tray was removed, placed into petri dishes, and placed
under a microscope so that all macroinvertebrates could be separated from the detritus. If too
few organisms (this number is not specified in the SOPs submitted by REIC) were in the first
quarter, then additional quarters were picked until enough organisms had been retrieved from the
sample.



REIC used three experienced aquatic taxonomists to identify macroinvertebrates. They
identified the organisms under microscopes to their lowest practical taxonomic level, usually
Genus. Chironomids were often identified to the Family level and annelids were identified to
the Class level. As taxonomic guides, REIC used Pennak (1989), Stewart and Stark (1993),
Wiggins (1995), Merritt and Cummins (1996) and Westfall and May (1996).



3. DATA ANALYSES
3.1. Database Organization
3.1.1. Data Standardization

All of the methods used to collect and process fish samples were compatible, thus it was
not necessary to standardize the fish data prior to analysis. However, there were differences
among the methods used to collect and process the benthic macroinvertebrate data which made it
necessary to standardize the macroinvertebrate data to eliminate potential biases before data
analysis.

The benthic macroinvertebrate database was organized by sampling device (i.e., D-frame
kick net or Surber sampler). Since not all organizations used Surber samplers and not all
organizations that used Surber samplers employed the same methods (Section 2.4.4), Surber data
were not used for the analyses in this report. All of the sampling organizations did use D-frame
kick nets with comparable field methods to collect macroinvertebrate samples. Use of the data
collected by D-frame kick net provides unbiased data with respect to the types, densities and
relative abundances of organisms collected. However, while identifying organisms in the
laboratory, the U.S. EPA sub-sampled 1/8 of the total material (with some exceptions noted in
the data), REIC sub-sampled 1/4 of the total material (with some exceptions), and BMI and
POTESTA counted the entire sample. To eliminate bias of the reported taxa richness data
introduced by different sizes of sub-samples, all organism counts were standardized to a 1/8 sub-
sample of the total original material. (Appendices A and E)

3.1.2. Database Description
3.1.2.1. Description of Fish Database

The fish database included 126 sampling events where the collection of a fish sample had
been attempted and the location and watershed area were known. Of these, five were regional
reference samples from Big Ugly Creek, outside of the study watersheds. Catchments with areas
of less than 2.0 km? and samples with fewer than ten fish were excluded from the analysis
(section 4.1.1). A summary of the remaining 99 samples is shown in Table 3-1.

The Mined/Residential EIS Class consisted of only two samples. Due to insufficient
sample size for adequate statistical analysis, this class was eliminated.



Table 3-1. Number of fish sites and samples in the study area, by EIS class and watershed.
The first numbers in the cells represent the number of sites and the numbers in
parentheses represent the numbers of samples.

Watershed Unmined Filled Mined Filled/Res Additive Total
Mud River 3,(4) 4, (8) 1,(3) 1,(2) 9,(17)
Island Creek 1, (1) 2,(3) 2,(2) 2,(2) 7,(8)
Spruce Fork L, (1) 3,(3) 1, (1) 3,3 1, (1) 9,09)
Clear Fork L, (1) 3,(3) 3,(3) 7,(7)
Twenty Mile Creek 5,(5) 7,(7) 7, (16) 19, (28)
Twelvepole Creek' 4, (6) 12, (24) 16, (30)
Total 14, (17) 17, (22) 4,(4) 9,(11) 23, (45) 67, (99)

'All sites in Twelvepole Creek were sampled by REIC; and were Additive and Unmined only.

3.1.2.2. Description of Macroinvertebrate Database

A total of 282 macroinvertebrate samples were collected from 66 sites in six watersheds
(Table 3-2). The samples from sites in the Mined/Residential EIS class were removed from the
analysis because there were too few sites (i.e., n < 3) to conduct statistical comparisons.

The U.S. EPA Region 3 collected a duplicate sample from the same site, on the same
day, 42 different times, in five of the six sampled watersheds (i.e., no duplicate samples were
taken from the Twelvepole Creek Watershed). The WVSCI, the total # of families, and the total
number of EPT were highly correlated for duplicate samples (Table 3-3). Green et al. (2000)
found similar results with raw metric scores. Because of these correlations and in order to avoid
inflating the sample size, the only U.S. EPA Region 3 duplicate samples used for analyses were
those that were labeled Replicate Number 1.

One site in Twentymile Creek was sampled by more than one organization the same
season (i.e., autumn 2000 and winter 2001). To avoid sample size inflation, the means of the
sample values were used for each season, thereby reducing the total number of samples. The
means were used instead of the values from one of the samples because the samples were
collected between three and five weeks apart. The U.S. EPA and two other organizations
sampled the same site in the autumn 1999 and the winter 2000. In this case, the U.S. EPA data
were used because these data did not require making a correction for sub-sampling.

Table 3-2. Number of sites and D-frame kick net samples available in each watershed and



in each EIS class.

EIS Class
. . Total
. . Filled/ . Mined/
Watershed Unmined Filled Residential Mined Residential'

Site Samp Site Samp Site Samp Site Samp Site Samp Site Samp

Mud River 3 11 3 19 1 6 1 1 1 5 9 42
Island Creek 7 13 6 21 1 6 1 1 0 0 15 41
Spruce Fork 2 8 3 18 2 14 1 5 0 0 8 45
Clear Fork 0 0 1 8 3 12 3 12 1 7 8 39
Twentymile

7 32 15 71 0 0 0 0 0 0 22 103
Creek
Twelvepole |, 12 0 0 0 0 0 0 0 0 4 12
Creek
Total 23 76 28 137 7 38 6 19 2 12 66 282

'Because there were only two Mined/Residential sites, this EIS class was not used in any of the analyses for this
report.

The samples taken from the Twelvepole Creek Watershed (four Unmined EIS class sites)
were made up of a mix of D-frame kick net and Surber sampler data that were inseparable by
sampler type. Therefore, these data could not be standardized and were removed from the EIS
analysis for the D-frame kick net data set.

These data reduction procedures lowered the total number of D-frame kick net samples
for EIS analysis from 282 (Table 3-2) to 215 (Table 3-4). The U.S. EPA Region 3 collected 150
(69.8%) of these samples and the other organizations collected 65 (30.2%) of these samples.
Hence, these other organizations provided 43% more samples for analysis than the U.S. EPA
Region 3 had collected. These samples also provided information from 23 additional sites in the
Unmined, Filled, Filled/Residential, and Mined EIS classes. However, these additional samples
were not distributed evenly across watersheds and EIS classes. Only the U.S. EPA Region 3
collected data from the Mud River, Spruce Fork, and Clear Fork Watersheds and the majority
(85%) of the samples collected by the private organizations were collected from the Twentymile
Creek Watershed. As a result, the additional data provided by the private organizations were
skewed to conditions in the Twentymile Creek Watershed, especially for sites in the Filled EIS
class. Furthermore, 100% of the data collected by the private organizations during autumn 2000
and winter 2001 were collected from the Twentymile Creek Watershed. Therefore, comparisons
made using data that were collected during these two seasons do not represent conditions across
the entire study area, and have less than half the number of samples that were collected during
the other seasons.
Table 3-3. Correlation and significance values for the duplicate samples collected by the



U.S. EPA Region 3 with the WVSCI and standardized WVSCI metrics.
Metric R p-value

Total Number of Families Rarefied to 100 individuals 0.863 <0.001

Total Number of Ephemeroptera, Plecoptera, and Trichoptera

(EPT) Families Rarefied to 100 individuals 0.897 <0.001

WVSCI Rarefied to 100 individuals 0.945 <0.001

Table 3-4. Number of sites and D-frame kick net samples used for comparing EIS classes
after the data set had been reduced.

EIS Class
. Total
Watershed Unmined Filled Fl lled/. Mined
Residential
Site Samp Site Samp Site Samp Site Samp Site Samp

U.S. EPA 3 9 3 15 1 5 1 1 8 30
Mud River

Private 0 0 0 0 0 0 0 0 0 0

U.S. EPA 3 7 4 15 1 5 0 0 8 27
Island Creek

Private 4 6 2 3 0 0 1 1 7 10

U.S. EPA 2 7 3 13 2 10 1 5 8 35
Spruce Fork

Private 0 0 0 0 0 0 0 0 0 0

U.S. EPA 0 0 1 5 3 10 3 9 7 24
Clear Fork

Private 0 0 0 0 0 0 0 0 0 0
Twenty- U.S. EPA 2 9 5 25 0 0 0 0 7 34
mile Creek | ppjyate 6 18 10 37 0 0 0 0 16 55

U.S. EPA 10 32 16 73 7 30 6 15 38 150
Total

Private 10 24 12 40 0 0 1 1 23 65

3.2. Data Quality Assurance/Quality Control

The biological, water chemistry, and habitat data were received in a variety of formats.
Data were exported from their original formats into the Ecological Data Application System
(EDAS), a customized relational database application (Tetra Tech, Inc., 1999). The EDAS
allows data to be aggregated and analyzed by customizing the pre-designed queries to calculate a
variety of biological metrics and indices.

Throughout the process of exporting data, the original data sources were consulted for



any questions or discrepancies that arose. First, the original electronic data files were consulted
and proofread to ensure that the data had been migrated correctly from the original format into
the EDAS database program. If the conflict could not be resolved in this manner, hard copies of
data reports were consulted, or, as necessary, the mining companies and/or the organizations
who had originally provided the data were consulted. As data were migrated, Quality
Assurance/Quality Control (QA/QC) queries were used to check for import errors. If any
mistakes were discovered as a result of one of these QA/QC queries, the entire batch was
deleted, re-imported, and re-checked. After all the data from a given source had been migrated,
a query was created which duplicated the original presentation of the data. This query was used
to check for data manipulation errors. Ten percent of the original samples were checked at
random. If the data failed this QC check, they were entirely deleted, re-imported, and subjected
to the same QC routine until they were 100% correct.

The EDAS contained separate Master Taxa tables for fish and benthic
macroinvertebrates. Both Master Taxa tables contained a unique record for each taxonomic
name, along with its associated ecological characteristics (i.e., preferred habitat, tolerance to
pollution). To ensure consistency, Master Taxa lists were generated from all of the imported
MTM/VF data. Taxonomic names were checked against expert sources, such as Merritt and
Cummins (1996), Robins et al. (1991) and the online taxonomic database, Integrated Taxonomic
Information System (ITIS, www.itis.usda.gov). Discrepancies and variations in spellings of
taxonomic names were identified and corrected in all associated samples. Any obsolete
scientific names were updated to the current naming convention to ensure consistency among all
the data. Each taxon’s associated ecological characteristics were also verified to assure QC for
biological metrics generated from that ecological information. Different organizations provided
data at different levels of taxonomic resolution. Because the WVSCI utilizes benthic
information at the Family level, the benthic macroinvertebrate Master Taxa table was used to
collapse all of the data to the Family level for consistency in analysis.

Minimum Detection Limits (MDLs) represent the smallest amount of an analyte that can
be detected by a given chemical analysis method. While some methods are very sensitive and,
therefore, can detect very small quantities of a particular analyte, other methods are less sensitive
and have higher MDLs. When an analytical laboratory is unable to detect an analyte, the value
is reported as “Below Detection”, and the MDL is given. For the purpose of statistical analysis,
the “Below Detection” values were converted to 2 of the methods” MDLs.

3.3. Summary of Analyses

The fish database and the macroinvertebrate database were analyzed separately to: 1) determine
if the biological condition of streams in areas with MTM/VF operations is degraded relative to
the condition of streams in unmined areas and 2) determine if there are additive biological
impacts to streams where multiple valley fills are located. The statistical approach to evaluate
these two objectives was the same for fish and macroinvertebrates. To address the first



objective, EIS classes (Filled, Filled/Residence, Mined, and Unmined) were compared using
one-way analysis of variance (ANOVA). Assumptions for normality and equal variance were
assessed using the Shapiro-Wilk Test for normality and Brown and Forsythe’s Test for
homogeneity of variance. If necessary, transformations were applied to the data to achieve
normality and/or stabilize the variance. Significant differences (p < 0.05) among EIS classes
were followed by the Least Square (LS) Means procedure using Dunnett’s adjustment for
multiple comparisons to test whether the Filled, Filled/Residence, and Mined EIS classes were
significantly different (p <0.01) from the Unmined EIS class. Additive sites from two
watersheds were analyzed to evaluate the second objective. Trends in biological condition
along the mainstem of Twentymile Creek and Twelvepole Creek were examined using Pearson
correlations and regression analysis. Pearson correlations were also used to investigate
correlations between biological endpoints and water chemistry parameters. Box plots were
generated to display the data across EIS classes and scatter plots were created to show
relationships between biological endpoints and chemistry parameters.

3.3.1. Summary of Fish Analysis

Endpoints for the fish analysis were the site averages for the Mid-Atlantic IBI and the site
averages for the nine individual metrics that comprise the IBI (Table 1-2). Site averages were
used in the analysis since the number of samples taken at a site was inconsistent across sites.
Some study sites had been sampled only once, and there were also sites in the database that had
been sampled on two or three separate occasions. Mean IBI and component metric values were
calculated for all sites sampled multiple times. The mean values were used in all subsequent
analyses. Figure 3-1 shows that there was no consistent difference between seasons or years,
although there was scatter among observations at some sites. Log-transformed site (geometric)
mean chemical concentrations were used as the endpoints for the chemistry analysis.
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Figure 3-1. Scatter plots showing IBI scores of sites sampled multiple times. The left plot
shows autumn samples versus spring samples and the right plot shows spring Year 2
samples versus spring Year 1 samples.

3.3.2. Summary of Macroinvertebrate Analysis

Endpoints for the macroinvertebrate analysis were the WV SCI and its component metrics (Total
taxa richness, Ephemeroptera-Plecoptera-Trichoptera [EPT] taxa richness, Hilsenhoff Biotic
Index [HBI], % dominant 2 taxa, % EPT abundance, and % Chironomidae abundance).

Richness metrics and the WV SCI were rarefacted to 100 organisms to adjust for sampling
effort. Comparisons among EIS classes were made for each season (Spring 1999 [April to June],
Autumn 1999 [October to December], Winter 2000 [January to March], Spring 2000, Autumn
2000, and Winter 2001). Data for Summer 1999 (July to September) were not compared
because of a lack of samples (n= 2) for the Unmined EIS class (i.e., the relative control).
Furthermore, in some seasons there were insufficient samples (n < 3) for the Mined and
Filled/Residence classes. The WVSCI scores were correlated against key water quality
parameters using mean values for each site. Only water chemistry data that were collected at or
close to the time of benthos sample collection were used in this analysis.

Habitat data was not evaluated due to the fact that it was not collected consistently and in
many cases was collected only once at a site.



4. RESULTS

4.1. Fish Results

4.1.1. IBI Calculation and Calibration

Generally, larger watersheds tend to be more diverse than smaller watersheds (i.e., Karr
et al. 1986, Yoder and Rankin 1995). This was found to be true in the MTM/VF study where the
smallest headwater streams often had either no fish present or only one or two species present
and the large streams had 15 to 27 fish species present (Figure 4-1). To ensure that differences
among fish communities were due to differences in stream health and not from the natural effect
of watershed size, the three richness metrics (i.e., Native Intolerant Taxa, Native Cyprinidae
Taxa and Native Benthic Invertivores) from the Mid-Atlantic Highlands IBI (Section 1.5) were
standardized to a 100-km” watershed. If the calibration was correct, then there should have been
no residual relationship between catchment area and IBI scores. The resultant IBI scores were
plotted against catchment area (Figure 4-2) which showed that there was no relationship.

The Mid-Atlantic IBI was not calculated if the catchment area was less than 2.0 km*. If
fewer than ten fish were captured in a sample, then the IBI was set to zero (McCormick et al.
2001). This occurred in six samples. All six of these samples were in relatively small
catchments (i.e., 2.0 to 5.0 km?), where small samples are likely (Figure 4-2). Because small
samples may be due to natural factors, these samples were excluded from subsequent analysis..

4.1.2. IBI Scores in EIS Classes

The distributions of IBI scores in each of the EIS classes are shown in Figure 4-3.
Distributions of the nine component metrics of the IBI are shown in Appendix B. For
comparison, the regional reference sites sampled by the PSU in Big Ugly Creek were also
plotted. Figure 4-3 shows that the Filled and Mined classes have lower overall IBI scores than
the other EIS classes. The Filled/Residential class had higher IBI scores than any other class.
The Filled/Residential class and the Unmined class had median scores that were similar to the
regional reference sites. Figure 4-3 shows that more than 50% of the Filled and Mined sites
scored “poor” according to the ratings developed by McCormick et al. (2001). Unmined and
regional reference sites were primarily in the “fair” range and Filled/Residential sites were
mostly in the “good” ranges.
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Figure 4-3. A Box-and-Whisker plot of the mean IBI scores from sampling sites in five EIS
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A one-way ANOVA was used to test for differences among EIS classes and the LS
Means procedure with Dunnett's adjustment was used to compare each class to the Unmined
class. The ANOVA showed that differences among the EIS classes were statistically significant
(Table 4-1) and the LS Means test showed that the IBI scores from the Filled sites were
significantly lower than the IBI scores from the Unmined sites (Table 4-2). The Filled/
Residential class had higher IBI scores than the Unmined sites (Figure 4-3). The IBI scores from
Mined sites were lower than the IBI scores from Unmined sites. However, the difference was
only marginally significant. This is most likely due to the small sample of Mined sites (n=4).
Diagnostics on the IBI analysis indicated that variance was homogeneous and residuals of the
model were normally distributed (Figure 4-4 and Appendix B).

The individual metrics that comprise the IBI are not uniform in their response to stressors
(McCormick et al. 2001). While some metrics may respond to habitat degradation, other metrics
may respond to organic pollution or toxic chemical contamination. Of the nine metrics in the
IBI, two (i.e., the number of cyprinid species and the number of benthic invertivore species)
were significantly different among the EIS classes. (Appendix B). On average, Filled sites were
missing one species of each of these two groups compared to Unmined sites. The third taxa



richness metric, Number of Intolerant Species, was not different between Filled and Unmined
sites (Appendix B). One additional metric, Percent Tolerant Individuals, showed increased
degradation in Filled and Mined sites compared to Unmined sites, on average, but the difference
was not statistically significant (Appendix B). Four metrics, Percent Cottidae, Percent Gravel
Spawners, Percent Alien Fish and Percent Large Omnivores, were dominated by zero values
(Appendix B). Because of the zero values and the resultant non-normal distribution, parametric
hypothesis tests would be problematic.

It was concluded from this analysis that the primary causes of reduced IBI values in
Filled sites were reductions in the number of minnow species and the number of benthic
invertivore species. These two groups of fish are dominant in healthy Appalachian streams.
Secondary causes of the reduction of IBI scores in Filled sites are decreased numbers of
intolerant taxa, and increased percentages of fish tolerant to pollution. Although Filled sites had
IBI scores that were significantly lower than Unmined sites (Table 4-3), several Filled and
Mined sites had relatively high IBI scores, similar to regional reference and Unmined sites. In
addition, the Filled/Residential sites had higher overall IBI scores. Field crews had observed
that there were very few or no residences in the small watersheds of the headwater stream areas.
This suggests that the sites where fills and residences were co-located occurred most frequently
in larger watersheds and that watershed size may buffer the effects of fills and mines. This
possibility was examined and it was found that Filled, Mined, and Filled/Residential sites in
watersheds with areas greater than 10 km? had fair to good IBI scores. However, Filled and
Mined sites in watersheds with areas less than 10 km? often had poor IBI scores (Figure 4-5A).
Of the 14 sites in watersheds with areas greater than 10 km?, four were rated fair and ten were
rated good or better (Figure 4-5A). Of the 17 sites in watersheds with areas less than 10 km?,
only three rated fair and 14 rated poor (Figure 4-5). In contrast, the control and reference sites
showed no overall association with catchment area (Figure 4-5B). The smallest sites (i.e.,
watershed areas < 3.0 km?) were highly variable, with three of the five smallest sites scoring
poor.



© .
s,
©c < . P o o ?}13: """""""""" |
> I
— b S R S 0o e ]
E o U |
£ &~
O O T B . “
Z | 5EOT
5 ¢ '

S Al TN <.t S H S ]
qq—!) 1 00&8
(&) B 0,8"'5
O 2. e O SOt S SRR SRR ~
Q T oo
X
L 3 ; ; ; ; ;

30 40 50 60 70 80 90

IBl Observed Value

Figure 4-4. Normal probability plot of IBI scores from EIS classes.

Table 4-1. The ANOVA for IBI scores among EIS classes (Unmined, Filled, Mined, and
Filled/Residential).

Source Degrees of Sum of Mean Square F Value Pr>F
Freedom Squares
Model 3 2335.56 778.52 6.70 0.0009
Error 40 4651.31 116.28
Corrected 43 6986.87
Total
R-Square Coefficient of Root MSE Index Mean
Variance

0.334 17.022 10.783 63.350




Table 4-2. Dunnett's test comparing IBI values of EIS classes to the Unmined class, with
the alternative hypothesis that IBI < Unmined IBI (one-tailed test).

EIS Class N Mean Standard Deviation Dunnett’s P-Value
Filled 17 56.8 10.6 0.0212
Filled/Residential 9 74.6 10.7 0.9975
Mined 4 54.4 134 0.0685
Unmined 14 66.7 10.3 -

The effect of fills was statistically stronger in watersheds with areas less than 10 km?
(Table 4-3). Filled sites had an average of one fewer Cyprinidae species, 1.6 fewer benthic
invertivore species, 20% more tolerant individuals, and a mean IBI score that is 14 points lower
than Unmined sites (Table 4-3). In addition, Intolerant Taxa, % Cottidae and % Gravel
Spawners decreased slightly in the filled sites and the % Macro Omnivores increased slightly
(Table 4-3). There were too few small Mined sites (n=3) and too few small Filled/Residential
sites (n=2) to test against the Unmined sites within the small size category.

There is no definitive test to determine whether the high IBI scores of the
Filled/Residential sites in this data set are due solely to large catchment areas or if there may be
other contributing factors. The Filled/Residential class is consistent with the relationship
observed in the Filled sites, that large catchments are less susceptible to the effects of fills and
mines. A definitive test could be conducted if data were collected from several small
Filled/Residential catchments.
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Table 4-3. The results of t-tests of site mean metric values and the IBI in Unmined and
Filled sites in watersheds with areas less than 10 km* (N = 11 Unmined, N = 12 Filled).

Mean Unmined Mean Filled t-value p
Cyprinidae Taxa 5.41 4.37 2.93 0.008
Intolerant Taxa 1.03 0.85 1.23 0.232
Benthic Invertivore Taxa 5.80 4.22 3.73 0.001
% Exotic 0.3 0.9 -0.65 0.524
% Cottidae 3.8 0.4 1.42 0.172
% Gravel Spawners 17.2 7.0 0.999 0.329
% Piscivore/Invertivores 34.8 38.8 -0.34 0.739
% Tolerant 71.8 93.8 -2.60 0.0167
% Macro Omnivore 1.4 4.8 -1.54 0.139
IBI 65.4 51.5 3.80 0.001

4.1.3. Additive Analysis

Sites on the mainstem of Twentymile Creek and all mining-affected sites in the
Twelvepole Creek watershed have been identified as Additive sites, and were not included in the
analysis of the EIS classes reported above. Instead, these sites were considered to be subject to
multiple and possibly cumulative sources (i.e., VFs, historic mining, non-point runoff, untreated
domestic sewage, non-permitted discharges).

The Twelvepole Creek watershed, in particular, has mixed land uses and has several
mining techniques in use. The stream valleys are often populated with residences and livestock.
Mining in the Twelvepole watershed includes deep mining, contour mining, and mountaintop
removal/VF. In contrast, there is little or no residential land use in the Twentymile Creek
watershed and all human activities in the Twentymile Creek are related to mining (i.e., logging
and grubbing).

The IBI scores of sites in three streams (i.e., Kiah Creek, Trough Fork, and Twelvepole
Creek) in the Twelvepole Creek Watershed are shown in Figure 4-6. Most of the sites are scored
in the “fair” range, although a few observations extend into the “good” and “poor” ranges
(Figure 4-6). There is no apparent pattern in these scores and there are no trends from upstream
to downstream in either of the larger streams (i.e., Kiah Creek and Twelvepole Creek).
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Overall, the IBI scores in the Twentymile Creek watershed were higher than those in
Twelvepole Creek. There was a trend, from upstream to downstream, among the scores from the
Twentymile Creek Watershed (Figure 4-7). Above Peachorchard Branch, which has a
catchment area smaller than 68 km?, sites on the mainstem of Twentymile Creek were uniformly
in the “good” range of IBI scores, with moderate variability. Below the confluence of
Peachorchard Branch, IBI scores decrease overall and are more variable (Figure 4-7). Farther
downstream (i.e., Site PSU.54), the IBI score was higher (i.e., 78), indicating potential recovery
from the stressors in the lower portion of the stream. With a range of 48 to 52, Peachorchard
Branch had among the lowest IBI scores in the Twentymile Creek Watershed.

4.1.4. Associations With Potential Causal Factors

The correlations between IBI scores and water quality parameters that are potential
stressors (i.e., DO, pH, nutrients, TDS, TSS, salts, and metal concentrations) were examined.
For the correlation analysis, site mean IBI scores and log-transformed site (geometric) mean
chemical concentrations were used. The correlation analysis was restricted to sites in watersheds
with areas smaller than 10.0 km?. The IBI scores decreased with the increased concentrations of
several water quality parameters, and decreased significantly with increased zinc and sodium
(Table 4-4). However, these correlations do not imply causal relationships between water
quality parameters and fish community condition. Other substances or processes associated with
mining activity (i.e., erosion, sedimentation), but not measured, could also be proximal causal
factors.

Table 4-4. Pearson correlations among the site means of selected water quality

measurements and IBI scores, including all sites in watersheds with areas smaller than 10

km?.

LogCr LogMg LogNi Log LogNa LogSO, LogTDS LogZn

Log Mg 0.11

Log Ni -0.08 0.53

Log (NO,+NO,) 0.40 0.65 0.37

Log Na 0.16 0.40 -0.08 0.65

Log SO, 0.17 0.96 0.43 0.76 0.58

Log TDS 0.27 0.42 -0.35 0.79 0.90 0.65

Log Zn 0.50 0.34 0.12 0.47 0.34 0.38 0.42

IBI -0.35 -0.42 -0.33 -0.42 -0.60 -0.51 -0.47 -0.54




4.2. Macroinvertebrate Results
4.2.1. Analysis of Differences in EIS Classes

For each season, analyses were conducted to determine if there were any differences
among the EIS classes. Only Unmined, Filled, Mined and Filled/Residential sites were used for
these analyses. Analysis endpoints were the WVSCI and it’s component metrics.

4.2.1.1. Spring 1999

This comparison only used U.S. EPA Region 3 data for each watershed. All of the tested
metrics were significantly different among EIS classes using ANOVA, and each met the
assumptions for normality and equal variance (Table 4-5). The WVSCI and the taxa richness
metrics differed significantly between Unmined sites and both Filled and Filled/Residential sites
in the LS Means test. Percent EPT Abundance was also significantly different between
Unmined sites and Filled/Residential sites. Box plots for each metric comparison are in
Appendix C.

4.2.1.2. Autumn 1999

This comparison used data collected by both the U.S. EPA Region 3 and the private
organizations for each watershed. Only the WVSCI, Percent EPT and Percent Chironomidae
Abundance were significantly different among EIS classes (Table 4-6). However, the Unmined
sites were not significantly different from the other classes for these metrics. Box plots for each
metric comparison are in Appendix C. Drought conditions occurred during this season, and
streams were further impacted by a severe drought during the preceding summer.



Table 4-5. Results from ANOVA for benthic macroinvertebrates in spring 1999. Uses
Unmined sites as a relative control for LS Means test. Total n =34; Unmined n =9, Mined
n =4, Filled n = 15, Filled/Residential n = 6.

Metric p-value Normality? Equal Variance? LS Means
WVSCI Filled and
(Rarefied to 100 Organisms) <0.0001 Yes Yes Filled/Residential
Total Taxa Filled and
(Rarefied to 100 Organisms) 0.0001 Yes Yes Filled/Residential
EPT Taxa Filled and
(Rarefied to 100 Organisms) <0.0001 Yes Yes Filled/Residential
HBI 0.0017 Yes Yes
Percent Dominant Two Taxa
(Arcsine Transformed) 0.0010 Yes Yes
Percent EPT Abundance 0.0010 Yes Yes Filled/Residential
(Arcsine Transformed)
Percent Chironomidae Abundance 0.0326 Yes Yes

(Arcsine Transformed)

Table 4-6. Results from ANOVA for benthic macroinvertebrates in autumn 1999. Uses
Unmined sites as a relative control for LS Means test. Total n =35, Unmined n = 6, Filled
n = 23, Filled/Residence n = 6.

Metric p-value  Normality? Equal Variance? LS Means
g?llli(fjiled to 100 Organisms) 0.0454 Yes Yes
?l;);?lg:; itlo 100 Organisms) 0.3744 Yes Yes
Fli,;‘;izato 100 Organisms) 0.2401 Yes Yes
HBI 0.1299 Yes Yes
farom Doty 02 e
Percent EPT Abundance 0.0178 Yes Yes

(Arcsine Transformed)

Percent Chironomidae
Abundance (Arcsine 0.0253 Yes Yes
Transformed)




4.2.1.3. Winter 2000

This comparison used data collected by both the U.S. EPA Region 3 and the private
organizations for each watershed. All of the tested metrics were significantly different among
EIS classes, and each met the assumptions for normality (Table 4-7). The WVSCI and the HBI
failed the test for equal variance. The WVSCI and the Total Taxa metrics differed significantly
between Unmined sites and both Filled and Filled/Residential sites in the LS Means test.
Percent EPT abundance was also significantly different between Unmined sites and
Filled/Residential sites. Box plots for each metric comparison are in Appendix C.

4.2.1.4. Spring 2000

This comparison used only the data collected by the U.S. EPA Region 3 for each
watershed. All of the tested metrics were significantly different among EIS classes, and each
met the assumptions for normality (Table 4-8). The WVSCI, EPT Taxa, HBI, and Percent EPT
Abundance failed the test for equal variance. The WVSCI and the taxa richness metrics differed
significantly between Unmined sites and both Filled and Filled/Residence sites in the LS Means
test. Percent EPT abundance in the Unmined sites was also significantly different than in
Filled/Residence sites. Box plots for each metric comparison are in Appendix C.
4.2.1.5. Autumn 2000

This comparison used only the data collected by the private organizations for the
Twentymile Creek watershed. No metrics were significantly different among EIS classes (Table
4-9). Box plots for each metric comparison are in Appendix C.

4.2.1.6. Winter 2001

This comparison used only the data collected by the private organizations for the
Twentymile Creek watershed. The WVSCI, Total Taxa, EPT Taxa, and Percent Dominant 2
Taxa were significantly different among EIS classes (Table 4-10). The Unmined sites were
significantly different than the Filled classes for the WVSCI and EPT Taxa, although both
metrics failed the equal variance test. Box plots for each metric comparison are in Appendix C.



Table 4-7. Results from ANOVA for benthic macroinvertebrates in winter 2000. Uses
Unmined sites as a relative control for LS Means test. Total n =53, Unmined n =18,
Mined n = 4, Filled n =25, Filled/Residential n = 6.

Metric p-value  Normality? Equal Variance? LS Means
WVSCI Filled and
(Rarefied to 100 Organisms) <0.0001 Yes No Filled/Residential
Total Taxa Filled and
(Rarefied to 100 Organisms) <0.0001 Yes Yes Filled/Residential
EPT Taxa Filled and
(Rarefied to 100 Organisms) <0.0001 Yes Yes Filled/Residential
HBI <0.0001 Yes No
Percent Dominant Two Taxa
(Arcsine Transformed) <0.0001 Yes Yes
Percent EPT Abundance Filled and
(Arcsine Transformed) <0.0001 Yes Yes Filled/Residential
Percent Chironomidae Abundance <0.0001 Yes Yes

(Arcsine Transformed)

Table 4-8. Results from ANOVA for benthic macroinvertebrates in spring 2000. Uses
Unmined sites as a relative control for LS Means test. Total n =35, Unmined n =10,
Mined n =5, Filled n = 15, Filled/Residence n = 5.

Metric p-value  Normality?  Equal Variance? LS Means
WVSCI Filled and
(Rarefied to 100 Organisms) 0.0001 Yes No Filled/Residential
Total Taxa Filled and
(Rarefied to 100 Organisms) 0.0004 Yes Yes Filled/Residential
EPT Taxa Filled and
(Rarefied to 100 Organisms) <0.0001 Yes No Filled/Residential
HBI 0.0002 Yes No
Percent Dominant Two Taxa
(Arcsine Transformed) <0.0001 Yes Yes
Percent EPT Abundance 0.0027 Yes No Filled/Residential
(Arcsine Transformed)
Percent Chironomidae Abundance 0.0020 Yes Yes

(Arcsine Transformed)




Table 4-9. Results from ANOVA for benthic macroinvertebrates in autumn 2000. Uses
Unmined sites as a relative control for LS Means test. Total n = 15; Unmined n = 5, Filled n
=10.

Metric p- Normality? Equal Variance? LS Means
value
XZI'Se:(fj'lled to 100 Organisms) 0.1945 Yes Yes
?l;);?lg:; 2tlo 100 Organisms) 0.4744 Yes Yes
?l:,;‘e:l;it):iato 100 Organisms) 0.1897 Yes Yes
HBI 0.7243 Yes Yes
b e T awe ve
(Arcsine Transformed) 03200 Yes Yes
Percent Chironomidae Abundance 0.4417 Yes Yes

(Arcsine Transformed)

Table 4-10. Results from ANOVA for benthic macroinvertebrates in winter 2001. Uses
Unmined sites as a relative control for LS Means test. Total n =16, Unmined n = 6, Filled
n = 10.

Metric p- Normality?  Equal Variance? LS Means
value
g?llli(f;lled to 100 Organisms) 0.0110 Yes No Filled
?l;);?lg:; itlo 100 Organisms) 0.0275 Yes Yes
Fli,;‘ezl;iale’ilato 100 Organisms) 0.0074 Yes No Filled
HBI 0.4874 Yes Yes
(Arcsine Transformed) 00012 Yes Yes
(Arcsine Transformed) 03449 Yes Yes
Percent Chironomidae Abundance 0.1180 Yes Yes

(Arcsine Transformed)




4.2.2. Evaluation of Twentymile Creek

Box plots were used to compare benthic macroinvertebrate metrics in the major
watersheds during spring 1999, autumn 1999, winter 2000, and spring 2000. Only data from
Twentymile Creek was available for autumn 2000 and winter 2001 and it was necessary to
examine whether the EIS data collected from the Twentymile Creek Watershed was similar to
the EIS data collected from the other four watersheds. Clear Fork could not be used in this
watershed analysis, since data for Clear Fork were limited (i.e., there were no Unmined sites and
only one Filled site).

No consistent differences in the benthic metrics between the Unmined sites and among
watersheds were observed (Appendix C). In contrast, there were consistent differences in the
benthic metrics between Filled sites and among watersheds in each season except autumn 1999.
Total Taxa, EPT Taxa, Percent EPT Abundance, and the WV SCI were consistently better in
Twentymile Creek and Island Creek watersheds than in the Mud River and Spruce Fork
watersheds (Appendix C).

4.2.3. Macroinvertebrate and Water Chemistry Associations

The WVSCI scores were correlated against key water quality parameters using mean
values for each site. Only water chemistry data that were collected at or close to the time of
benthos sample collection were used in this analysis.

The strongest associations were negative correlations between the WVSCI and measures
of individual and combined ions (Table 4-11, Appendix D). The WVSCI was also negatively
correlated with the metals Beryllium, Selenium, and Zinc.

4.2.4. The Effect of Catchment Area on the WVSCI

The WVSCI and its component metrics had not been evaluated for potential effects
related to stream size because of a lack of catchment area data during the original index
development. The WVSCI and its component metric scores calculated from the MTM/VF data
were plotted against catchment area. A Pearson correlation analysis was also run on these data
to investigate whether stream size influenced these scores for the MTM/VF EIS analysis. This
analysis was only conducted for the sites in the Unmined EIS class in order to limit any
confounding variation due to anthropogenic sources.

There were 20 Unmined sites available for this analysis. However, one site was dropped
because catchment area data for that site was unavailable. Because sample size varied greatly



Table 4-11. Results from Pearson correlation analyses between the WVSCI rarefied to 100
organisms and key water quality parameters.

Parameter n R P-value
Alkalinity 53 -0.660 <0.001
Total Aluminum 47 -0.208 0.161
Total Beryllium 52 -0.298 0.032
Total Calcium 53 -0.624 <0.001
Total Chromium 53 -0.043 0.761
Conductivity 53 -0.690 <0.001
Total Copper 53 -0.238 0.086
Hardness 23 -0.650 0.001
Total Iron 49 -0.189 0.193
Total Magnesium 53 -0.569 <0.001
Total Manganese 49 -0.241 0.095
Total Nickel 53 -0.166 0.235
Nitrate/Nitrite 21 -0.362 0.106
DO 60 0.031 0.815
Total Phosphorus 53 -0.165 0.237
Total Potassium 53 -0.527 <0.001
Total Selenium 51 -0.476 <0.001
Total Sodium 53 -0.572 <0.001
Sulfate 53 -0.598 <0.001
Total Dissolved Solids 53 -0.371 0.006
Total Zinc 53 -0.343 0.012

among seasons and was very low in some seasons (i.e., n = 5 or 6), the mean score for each site



was used in the analyses.

Neither correlation analyses (Table 4-12) nor scatter plots (Figure 4-8) showed an effect
of catchment area on the WVSCI and its metric scores. Analyses with arcsin transformed
proportion metrics (i.e., Percent Dominant Two Taxa, Percent EPT Taxa, and Percent
Chironomid Taxa) also showed no relationship to catchment area ® = 0.269, -0.144, and 0.090,
respectively)

Although no relationship was found, these analyses were limited by the relatively low
sample sizes available, and the limited range in catchment area (0.29 — 5.26 km?) data for
Unmined sites. Additional data for larger and relatively undisturbed stream sites within the
MTM/VF footprint is necessary to examine stream size effects for the three larger (i.e., area > 40
km?) Filled/Residence sites. It is unclear whether such sites exist in this area.



Table 4-12. Pearson correlation values and p-values for means of metric scores at
Unmined sites (n = 19) versus catchment area.

Metric R p-value
Tot_S100 -0.157 0.520
EPT_S100 -0.165 0.501
HBI 0.228 0.348
Dom2Pct 0.255 0.293
EPTPct -0.168 0.493
ChirPct 0.087 0.724
WVSCI100 -0.312 0.194
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Figure 4-8. The WVSCI and its metric scores versus catchment area in Unmined streams.



4.2.5. Additive Analysis

Multiple sites on the mainstem of Twentymile Creek were identified as Additive sites
and were included in an analysis to evaluate impacts of increased mining activities in the
watershed across seasons and from upstream to downstream of the Twentymile Creek.
Cumulative river kilometer was calculated for each site along Twentymile Creek as the distance
from the uppermost site, Rader 8. The total distance upstream to downstream was
approximately 17 kilometers. Sites were sampled during four seasons, Autumn 1999 (n = 19),
Winter 2000 ( n = 23), Autumn 2000 ( n = 24) and Winter 2001 ( n =26 ). Pearson correlations
between cumulative river kilometer and the WVSCI and it’s component metrics were calculated
for each season (Table 4-13). The number of metrics that showed significant correlations with
distance along the mainstem increased across seasons. The WVSCI was significantly correlated
with cumulative river kilometer in Winter 2000, Autumn 2000 and Winter 2001. In Winter
2001, four of the six individual metrics also showed significant correlations with distance along
the mainstem of Twentymile Creek. A linear regression of the WVSCI with cumulative river
kilometer indicated that the WVSCI decreased approximately one point upstream to downstream
for every river kilometer (Table 4-14).

Table 4-13. Pearson correlation values and p-values for metric scores at Additive sites on
Twentymile Creek versus cumulative river kilometer by season.

Metric Autumn Winter Autumn Winter
1999 2000 2000 2001
Tot_S100 -0.582 (0.009) 0.051 (0.8169) -0.670 (<.001) -0.462 (0.018)
EPT S100 -0.480 (0.038) -0.230 (0.196) -0.688 (<.001) -0.593 (0.002)
HBI -0.210 (0.387) -0.227 (0.296) -0.228 (0.284) 0.410 (0.037)
Dom?2Pct 0.360 (0.130) 0.521 (0.011) 0.626 (0.001) 0.545 (0.004)
EPTPct 0.018 (0.940) -0.004 (0.986) 0.145 (0.499) -0.235 (0.248)
ChirPct -0.075 (0.759) -0.377 (0.076) -0.048 (0.824) 0.091 (0.658)
WVSCI100 -0.353 (0.138) 0.762 (<.001) -0.627 (0.001) -0.608 (0.001)




Table 4-14. The Regression for WVSCI versus Cumulative River Mile for Additive Sites in
Twentymile Creek Winter 2001.

Source Degrees of Sum of Mean Square F Value Pr>F
Freedom Squares
Model 1 658.99 658.99 14.05 0.0010
Error 24 1125.55 46.90
Corrected Total 25 1784.54
R-Square Coefficient of Root MSE WVSCI Mean
Variance
0.369 8.27 6.848 82.80
Parameter Estimate Standard t Value Pr>|t|
Error
Intercept 92.66 2.95 31.38 <.0001
Cumulative -1.14 0.30 -3.75 0.001

River Km




5. DISCUSSION AND CONCLUSIONS
5.1. Fish Discussion and Conclusions

From the analysis of the fish data among the EIS classes, it was determined that IBI
scores were significantly reduced in streams below VFs, compared to unmined streams, by an
average of 10 points, indicating that fish communities were degraded below VFs. The IBI scores
were similarly reduced in streams receiving drainage from historic mining or contour mining,
compared to unmined streams. Nearly all filled and mined sites with catchment areas smaller
than 10.0 km* had “poor” IBI scores, whereas filled and mined sites with catchment areas larger
than 10.0 km* had “fair” or “good” IBI scores. In the small streams, IBI scores from Filled sites
were an average of 14 points lower than the IBI scores from Unmined sites. Most
Filled/Residential sites were in larger watersheds (i.e., areas > 10.0 km?), and Filled/Residential
sites had “fair” or “good” IBI scores.

From the additive analysis, it was determined that the Twelvepole Creek Watershed, in
which the land use was mixed residential and mining, had “fair” IBI scores in most samples, and
there are no apparent additive effects of the land uses in the downstream reaches of the
watershed. Also, Twentymile Creek, which has only mining-related land uses, has “Good” IBI
scores upstream of the confluence with Peachorchard Creek, and “Fair” and “Poor” scores for
several miles downstream of the confluence with Peachorchard Creek tributary. Finally,
Peachorchard Creek has “Poor” IBI scores, and may contribute contaminants or sediments to
Twentymile Creek, causing degradation of the Twentymile IBI scores downstream of
Peachorchard Creek.

5.2. Macroinvertebrate Discussion and Conclusions

The results of the macroinvertebrate analyses showed significant differences among EIS
classes for the WVSCI and some of its component metrics in all seasons except autumn 2000.
Differences in the WVSCI were primarily due to lower Total Taxa, especially for mayflies,
stoneflies, and caddisflies, in the Filled and Filled/Residential EIS classes.

Sites in the Filled/Residential EIS class usually scored the worst of all EIS classes across
all seasons (Appendix C). It was not determined why the Filled/Residential class scored worse
than the Filled class alone. U.S. EPA (2001 Draft) found the highest concentrations of Na in the
Filled/Residential EIS class, which may have negatively impacted these sites compared to those
in the Filled class.

When the results for Filled and Unmined sites alone were examined, significant
differences were observed in all seasons except autumn 1999 and autumn 2000. This can be
seen in the plots of the WVSCI, Total Taxa, and EPT Taxa versus season (Figures 5-1, 5-2a and



5-2b). The lack of differences between Unmined and Filled sites in autumn 1999 was due to a
decrease in Total Taxa and EPT Taxa in Unmined sites relative to a lack of change in Filled
sites. These declines in taxa richness metrics in Unmined sites was likely a result of the drought
conditions of the summer 1999, which caused more Unmined sites to go dry or experience
severe declines in flow relative to Filled sites (Green et al., 2000). Wiley et al. (2001) also found
that Filled sites have daily flows that are greater than those in Unmined sites during periods of
low discharge. Despite the relatively drier conditions in Unmined sites during autumn 1999,
WVSCI scores and EPT Taxa richness increased in later seasons to levels seen in the spring
1999 season whereas values for Filled sites stayed relatively low.

The lack of statistical differences between Unmined and Filled classes in the autumn
2000 appears to be due to a decline of Total Taxa richness in Unmined sites coupled with an
increase in Total Taxa richness in Filled sites (Figures 5-1, 5-2 and 5-3). Filled sites had higher
variability in WVSCI scores and metric values than did Unmined sites during the autumn 2000,
which also contributed to the lack of significant differences. It is important to note that this
comparison only uses data from the Twentymile Creek Watershed. Hence, the lack of
differences in metrics during the autumn 2000 between Unmined and Filled sites is only relevant
for the Twentymile Creek watershed, and not the entire MTM/VF study area examined in the
preceding seasons. Similarly, data for winter 2001 is only representative of the Twentymile
Creek watershed, but it is noteworthy that these data did show that Unmined and Filled sites
were significantly different. It was also found that Filled sites in the Twentymile Creek
Watershed scored better than filled sites in the Mud River and Spruce Fork Watersheds in all
seasons except for autumn 1999. These differences among watersheds indicate biological
conditions in Filled sites of the Twentymile Creek watershed are not representative of the range
of conditions in the entire MTM/VF study area. As a result, comparisons among EIS classes
during autumn 2000 and winter 2001 should not be considered typical for the entire MTM/VF
study area.

Statistical differences between the Unmined and Filled EIS classes corresponded to
ecological differences between classes based on mean WVSCI scores. Unmined sites scored in
the Very Good condition category in all seasons except autumn 1999 when the condition was
scored as Good. The conditions at Filled sites ranged from Fair to Good (Figure 5-1). However,
Filled sites that scored Good on average only represented conditions in the Twentymile Creek
watershed in two seasons (i.e., autumn 2000 and winter 2001), and these sites are not
representative of the entire MTM/VF study area. On average Filled sites were in worse
ecological condition than were Unmined sites.
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Figure 5-1. Mean WVSCI scores in the Unmined and Filled EIS classes versus sampling
season. Error bars are 1 SE. Data for autumn 2000 and winter 2001 only used private
organization data for the Twentymile Creek Watershed. The condition categories are
based on Green et al. (2000 Draft).
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Figure 5-2. (A) Mean Total Taxa richness in the Unmined and Filled EIS classes versus
sampling season. (B) Mean EPT Taxa richness in the Unmined and Filled EIS classes
versus sampling season. Error bars are 1 SE. Data for autumn 2000 and winter 2001 only
used private organization data for the Twentymile Creek Watershed.



The consistently higher WVSCI scores and the Total Taxa in the Unmined sites relative
to Filled sites across six seasons showed that Filled sites have lower biotic integrity than those
sites without VFs. Furthermore, reduced taxa richness in Filled sites is primarily the result of
fewer pollution-sensitive EPT taxa. The lack of significant differences between these two EIS
classes in autumn 1999 appears to be due to the effects of greatly reduced flow in sites draining
unmined sites during a severe drought. Continued sampling in Unmined and Filled sites would
improve the understanding of whether MTM/VF activities are associated with seasonal variation
in benthic macroinvertebrate metrics and base-flow hydrology.

Examination of the Additive sites from the mainstem of Twentymile Creek indicated that
impacts to the benthic macroinvertebrate communities increased across seasons and upstream to
downstream of Twentymile Creek. In the first sampling season one metric, Total Taxa, was
negatively correlated with distance along the mainstem. The number of metrics showing a
relationship with cumulative river mile increased across seasons, with four of the six metrics
having significant correlations in the final sampling season, Winter 2001. Also in Winter of
2001, a regression of the WVSCI versus cumulative river kilometer estimates a decrease of
approximately one point in the WVSCI for each river kilometer. Season and cumulative river
kilometer in this dataset may be surrogates for increased mining activity in the watershed.
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APPENDIX A

SUMMARY TABLES OF PROTOCOLS AND PROCEDURES USED BY THE FOUR
ORGANIZATIONS TO COLLECT DATA FOR THE MTM/VF STUDY
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Table A-2. Parameters and condition categories used in the U.S. EPA’s RBP for habitat.

RBP Habitat
Parameter

Condition Category

Optimal

Sub-optimal

Marginal

Poor

1. Epifaunal
Substrate/
Available Cover

(high and low
gradient)

SCORE

Greater than 70% (50% for
low gradient streams) of
substrate favorable for
epifaunal colonization and
fish cover; mix of snags,
submerged logs, undercut
banks, cobble or other stable
habitat and at stage to allow
full colonization potential
(i.e., logs/ snags that are not
new fall and not transient).

40-70% (30-50% for low
gradient streams) mix of stable
habitat; well-suited for full
colonization potential;
adequate habitat for
maintenance of populations;
presence of additional
substrate in the form of new
fall, but not yet prepared for
colonization (may rate at high
end of scale).

20 - 40% (10-30% for low
gradient streams) mix of stable
habitat; habitat availability
less than desirable; substrate
frequently disturbed or
removed.

Less than 20% (10% for low
gradient streams) stable
habitat; lack of habitat is
obvious; substrate unstable or
lacking.

20 19 18 17 16

15 14 13 12 11

10 9 8 7 6

5 4 3 2 1 0

2. Embeddedness

(high gradient)

SCORE

Gravel, cobble, and boulder
particles are 0-25%
surrounded by fine sediment.
Layering of cobble provides
diversity of niche space.

Gravel, cobble, and boulder
particles are 25-50%
surrounded by fine sediment.

Gravel, cobble, and boulder
particles are 50-75%
surrounded by fine sediment.

Gravel, cobble, and boulder
particles are more than 75%
surrounded by fine sediment.

20 19 18 17 16

15 14 13 12 11

10 9 8 7 6

5 4 3 2 1 0

3. Velocity/Depth
Regimes

(high gradient)

SCORE

All four velocity/depth
regimes present (slow-deep,
slow- shallow, fast-deep,
fast-shallow). (Slow is <0.3
m/s, deep is >0.5 m).

Only 3 of the 4 regimes
present (if fast-shallow is
missing, score lower than if
missing other regimes).

Only 2 of the 4 habitat regimes
present (if fast-shallow or
slow-shallow are missing,
score low).

Dominated by 1 velocity/depth
regime (usually slow-deep).

20 19 18 17 16

15 14 13 12 11

10 9 8 7 6

5 4 3 2 1 0

4. Sediment
Deposition

(high and low
gradient)

SCORE

Little or no enlargement of
islands or point bars and less
than 5% (<20% for
low-gradient streams) of the
bottom affected by sediment
deposition.

Some new increase in bar
formation, mostly from gravel,
sand or fine sediment; 5-30%
(20-50% for low-gradient) of
the bottom affected; slight
deposition in pools.

Moderate deposition f new
gravel, sand or fine sediment
on old and new bars; 30-50%
50-80% for low-gradient) of
the bottom affected; sediment
deposits at obstructions,
constrictions, and bends;
moderate deposition of pools
prevalent.

Heavy deposits of fine
material, increased bar
development; more than 50%
(80% for low-gradient) of the
bottom changing frequently;
pools almost absent due to
substantial sediment
deposition.

20 19 18 17 16

15 14 13 12 11

10 9 8 7 6

5 4 3 2 1 0

5. Channel Flow
Status

(high and low
gradient)

SCORE

Water reaches base of both
lower banks, and minimal
amount of channel substrate
is exposed.

Water fills >75% of the
available channel; or <25% of
channel substrate is exposed.

Water fills 25-75% of the
available channel, and/or riffle
substrates are mostly exposed.

Very little water in channel
and mostly present as standing
pools.

20 19 18 17 16

15 14 13 12 11

10 9 8 7 6

(Continued)




Table A-2 (Continued).

6. Channel
Alteration

(high and low
gradient)

SCORE

Channelization or dredging
absent or minimal; stream with
normal pattern.

Some channelization present,
usually in areas of bridge
abutments; evidence of past
channelization (i.e., dredging,
greater than past 20 yr) may be
present, but recent
channelization is not present.

Channelization may be
extensive; embankments or
shoring structures present on
both banks; and 40 to 80% of
stream reach channelized and
disrupted.

Banks shored with gabion or
cement; over 80% of the
stream reach channelized and
disrupted. In-stream habitat
greatly altered or removed
entirely.

20 19 18 17 16

15 14 13 12 11

10 9 8 7 6

7. Frequency of
Riffles (or bends)

(high gradient)

SCORE

Occurrence of riffles relatively
frequent; ratio of distance
between riffles divided by
width of the stream <7:1
(generally 5 to 7); variety of
habitat is key. In streams
where riffles are continuos,
placement of boulders or other
large, natural obstruction is
important.

Occurrence of riffles
infrequent; distance between
riffles divided by the width of
the stream is between 7 and
15.

Occasional riffle or bend;
bottom contours provide some
habitat; distance between
riffles divided by the width of
the stream is between 15 and
25.

Generally all flat water or
shallow riffles; poor habitat;
distance between riffles
divided by the width of the
stream is a ratio of >25.

20 19 18 17 16

15 14 13 12 11

10 9 8 7 6

8. Bank Stability
(score each bank)

(high and low
gradient)

SCORE LB
SCORE RB

Banks stable: evidence of
erosion or bank failure absent
or minimal; little potential for

Moderately stable; infrequent,
small areas of erosion mostly
healed over. 5-30% of bank in

Moderately unstable; 30-60%
of bank in reach has areas of
erosion; high erosion potential

Unstable; many eroded areas;
"raw" areas frequent along
straight sections and bends;

future problems. <5% of bank | reach has areas of erosion. during floods. obvious bank sloughing;

affected. 60-100% of bank has erosional
scars.

Left Bank 10 9 8 7 615 4 312 1 0

Right Bank 10 9 8 7 6|5 4 312 1 0

9. Bank Vegetative
Protection
(score each bank)

(high and low
gradient)

SCORE LB
SCORE RB

More than 90% of the stream
bank surfaces and immediate
riparian zone covered by
native vegetation, including
trees, understory shrubs, or
nonwoody macrophytes;
vegetative disruption through
grazing or mowing minimal or
not evident; almost all plants

70-90% of the stream bank
surfaces covered by native
vegetation, but one class of
plants is not well represented;
disruption evident but not
affecting full plant growth
potential to any great extent;
more than one-half of the
potential plant stubble height

50-70% of the stream bank
surfaces covered by
vegetation; disruption
obvious; patches of bare soil
or closely cropped vegetation
common; less than one half of
the potential plant stubble
height remaining.

Less than 50% of the stream
bank surfaces covered by
vegetation; disruption of
stream bank vegetation is very
high; vegetation has been
removed to 5 centimeters or
less in average stubble height.

allowed to grow naturally. remaining.
Left Bank 10 9 8 7 615 4 312 1 0
Right Bank 10 9 8 7 6|5 4 312 1 0

(Continued)



Table A-2 (Continued).

10. Riparian
Vegetation Zone
Width (score each
bank riparian zone)

Width of riparian zone >18
meters; human activities (i.e.,
parking lots, roadbeds, clear-
cuts, lawns, or crops) have not
impacted zone.

Width of riparian zone 12-18
meters; human activities have
impacted zone only minimally.

Width of riparian zone 6-12
meters; human activities have
impacted zone a great deal.

Width of riparian zone <6
meters; little or no riparian
vegetation due to human
activities.

(high and low
gradient)
SCORE___ LB LeftBank 10 9 8 7 6|5 4 3|2 1
SCORE__RB Right Bank 10 9 8 7 6|5 4 302 1
Table A-3. Substrate size classes and class scores.
Class Size Class Score Description

Bedrock > 4000 mm 6 Bigger than a car

Boulder 250 to 4000 mm 5 Basketball to car

Cobble 64 to 250 mm 4 Tennis ball to basketball

Coarse Gravel 16 to 64 mm 3.5 Marble to tennis ball

Fine Gravel 2 to 16 mm 2.5 Ladybug to marble

Sand 0.06 to 2 mm 2 Gritty between fingers

Fines <0.06 mm 1 Smooth, not gritty
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APPENDIX B

IBI COMPONENT METRIC VALUES
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Figure B-1. Box plot of the IBI among EIS classes and regional reference sites. All taxa
richness metrics were adjusted to a catchment area of 100 km?2.

Table B-1. The ANOVA for IBI scores among EIS classes (Unmined, Filled, Mined, and
Filled/Residential).

Source

Degrees of Sum of Mean Square F Value Pr>F
Freedom Squares
Model 3 2335.56 778.52 6.70 0.0009
Error 40 4651.31 116.28
Corrected Total 43 6986.87
R-Square Coefficient of Root MSE Index Mean
Variance
0.334 17.022 10.783 63.350

Table B-2. Dunnett's test comparing IBI values of EIS classes to the Unmined class, with

the alternative hypothesis that IBI < Unmined IBI (one-tailed test).

EIS Class N Mean Standard Deviation Dunnett’s P-Value
Filled 17 56.8 10.6 0.0212
Filled/Residential 9 74.6 10.7 0.9975
Mined 4 54.4 13.4 0.0685

Unmined 14 66.7 10.3
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Figure B-2. Box plot of the Number of Benthic Invertivore Species among EIS classes and
regional reference sites.

Table B-3. The ANOVA for Number of Benthic Invertivore Species among EIS classes
(Unmined, Filled, Mined, and Filled/Residential).

Source Degrees of Sum of Mean Square F Value Pr>F
Freedom Squares
Model 3 22.32 7.44 491 0.0054
Error 40 60.66 1.51
Corrected Total 43 82.98
R-Square Coefficient of Root MSE Index Mean
Variance
0.269 23.504 1.231 5.239

Table B-4. Dunnett's test comparing Numbers of Benthic Invertevores to the Unmined
class, with the alternative hypothesis that IBI < Unmined IBI (one-tailed test).

EIS Class N Mean Standard Deviation Dunnett’s P-Value
Filled 17 4.8 1.3 0.0182
Filled/Residential 9 54 1.2 0.3234
Mined 4 3.6 0.76 0.0017

Unmined 14 6.0 1.2 --
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Figure B-3. Box plot of the Percent Cottidae( Sculpins) among EIS classes and regional
reference sites.
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Figure B-4. Box plot of the Number of Native Cyprinidae (Minnow Species) among EIS
classes and regional reference sites. This metric was adjusted to a catchment area of 100
km2.



Table B-5. The ANOVA for Number of Native Cyprinidae (Minnow Species) among EIS
classes (Unmined, Filled, Mined, and Filled/Residential).

Source Degrees of Sum of Mean Square F Value Pr>F
Freedom Squares
Model 3 11.36 3.79 5.79 0.0022
Error 40 26.19 0.65
Corrected 43 37.56
Total
R-Square Coefficient of Root MSE Index Mean
Variance
0.302 17.777 0.809 4.55

Table B-6. Dunnett's test comparing Numbers of Native Cyprinidae (Minnows Species) to
the Unmined class, with the alternative hypothesis that IBI < Unmined IBI (one-tailed test).

EIS Class N Mean Standard Deviation Dunnett’s P-Value
Filled 17 4.3 0.58 0.0089
Filled/Residential 9 4.4 0.73 0.0311
Mined 4 3.5 0.51 0.0008

Unmined 14 5.2 1.1 -
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Figure B-5. Box plot of the Percent Gravel Spawners among EIS classes and regional
reference sites.
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Figure B-6. Box plot of the Percent Piscivore/Invertivores (Predators) among EIS classes
and regional reference sites.
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Figure B-7. Box plot of the Number of Intolerant Species among EIS classes and regional
reference sites. This metric was adjusted to a catchment area of 100 km2.

Table B-7. The ANOVA for Number of Intolerant Species among EIS classes (Unmined,
Filled, Mined, and Filled/Residential).

Source Degrees of Sum of Mean Square F Value Pr>F
Freedom Squares
Model 3 5.29 1.76 5.96 0.0019
Error 40 11.83 0.29
Corrected total 43 17.12
R-Square Coefficient of Root MSE Index Mean
Variance
0.308 44.209 0.543 1.23

Table B-8. Dunnett's test comparing Numbers of Intolerants to the Unmined class, with
the alternative hypothesis that IBI < Unmined IBI (one-tailed test).

EIS Class N Mean Standard Deviation Dunnett’s P-Value
Filled 17 1.1 0.49 0.7075
Filled/Residential 9 1.9 0..83 1.0000
Mined 4 0.8 0.35 0.3504

Unmined 14 1.1 0.40 -
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Figure B-8. Box plot of the Percent Exotic ( Non-Native Fish) among EIS classes and
regional reference sites.
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Figure B-9. Box plot of the Percent Macro Omnivores among EIS classes and regional
reference sites.


























































































if we sample only one. In order to characterize the stream section, we need to sample a large
enough area to ensure that we have sampled most of the microhabitats present.

How do we “measure” the biological effects of human activities, such as mining, on stream
ecosystems? What is the unit of the stream that we characterize? Typically, we wish to know the
effects on a wide variety of organisms throughout the stream. However, sampling everything is
expensive and potentially destructive. Selecting a single, common habitat that is an indicator of
stream condition is analogous to a physician measuring fever with an oral thermometer at a
single place (the mouth). Therefore, biologists selectively sample riffles, which are prevalent in
Appalachian streams, and are preferred habitat for many sensitive species. When we sample a
riffle, we wish to characterize the entire riffle, not just an individual rock or patch of sand, and
sampling must represent the microhabitats present. By taking several samples, even with a
relatively small sampling device such as a Surber Sampler, we can ensure that enough
microhabitats have been sampled to obtain an accurate estimate of diversity in the stream.

Sampling Gear

Sampling also depends on the gear and equipment that biologists use to capture organisms.
Small samplers and nets can be easily and economically handled by one or two persons; larger
sampling equipment requires larger crews. In the MTM-VF project, the sampling protocol calls
for 6 Surber samples (0.09 square meter each, for 0.56 square meter total from each site), or 4 D-
frame samples (0.25 square meter each, for 1 square meter from each site). If the Surber or D-
frame grabs are spread out throughout the riffle (preferably in a random manner), then they will
adequately represent most of the microhabitats present, and total diversity of the riffle can be
characterized.

Standardization of data

Many agencies were involved in the collection of data for the Mountain Top Mining
Environmental Impact Statement. Not all organizations used the same field sampling methods,
and during the two-year investigation, some organizations changed their sampling methods. In
order to "compare apples to apples," it is necessary to standardize the data, so that duplicate
samples taken using different methods will yield the same results after standardization.

We begin here with a description of the sampling methods used, a general discussion of
sampling, analysis of a set of paired samples using two methods, and finally the specific steps
used to standardize the samples from the different organizations.

MTM/VF Benthic Sampling Methods

The two methods used in the MTM/VF study, which we term the "D-frame method" and the
"Surber method," differ in sampling gear and in the treatment of the collected material. The
methods are compared below.












Taxa counts (number of species or families) can only be adjusted down to the level of the
smallest sampling effort in the data set; it is not possible to estimate upwards (and effectively
"make up" data). In the MTM/VF data, benthic samples were standardized to 200 individuals,
which is the standard WV SCI practice, and to 100 individuals, to accommodate those samples
that contained less than 200 organisms. Individual taxa are not removed from a sample in the
standardization process; only the taxa counts are standardized. Estimates of abundance per area
and relative abundance are unaffected by sampling effort, and are not adjusted.

Table E-5. Six Surber replicates from site MT-52 (Island Creek), Fall 1999. The dominant
family for each Surber is in bold, outlined with a heavy line. The subdominant family is
outlined with a light line. Either Taeniopterygidae or Nemouridae are dominant in each
Surber, but they tend not to co-occur in the same Surber. Metrics are shown at the
bottom.

Surber
Order and family A B C D E F Composite
Beetles
Elmidae 11 13 3 3 14 44
Psephenidae 6 2 4 4 9 25
Caddisflies
Hydropsychidae 13 4 6 8 11 42
Philopotamidae 1 2 3
Polycentropodidae § | 5 13
Rhyacophiloidea 8 8 4 6 26
Uenoidae 1 2 5 3 11
Mayflies

=N

Ameletidae 11 1 31
Baetidae 3 5 27

Baetiscidae

-
-

Ephemerellidae 3 6 4 3 16 10 42
Heptageniidae 2 2
Stoneflies
Chloroperlidae 1 1 2
Nemouridae 50 ] || [[24" ] 7135 |
Perlidae 1 1
Perlodidae 23 1 24
Taeniopterygidac 1 (1% [
True flies
Chironomidae [ 25 1T 26 T 151 7 11 9 93
Empididae 1 1
Simuliidae 2 4 1 3 1 11
Tipulidae 5 4 2 11
Other 2 2 1 6 2 13
metrics A B C D E F Composite| Average
Tofal Individuals 139 161 102 73 188 87 750 125
Number of Families 15 12 14 14 12 11 25 13
Dominance (1) 0.36 0.44 0.60 0.34 0.51 0.28 0.26 0.42
Dominance (2) 0.54 0.60 0.75 0.45 0.60 0.49 0.44 0.57
Dominantfamily Nemou TaeniopNemou TaenioplaeniopNemou lTaenioptery 7

Subdominantfamily ChironoChironoChironoPolycenBaetidaAmeletiNemourida ?
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