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Introduction
West Virginia has had a Water Research Institute since the 1960’s. The objective is to make the WVWRI
the premier water research center in West Virginia and, within selected fields, an international leader. 

Within the WVWRI are five programs: 1) the National Mine Land Reclamation Center, a large,
self-sustaining, internationally recognized program which focuses on water issues: acid mine drainage and
coal combustion byproducts; 2) the Experimental Program to Stimulate Competitive Research (EPSCoR)
in which a state implementation plan for coordinating research efforts state-wide in regard to water issues
has been undertaken; 3) the Institute for Industrial Decommissioning which develops environmentally safe
methods for industrial site and other brownfields remediation; 4) the State Institute Program which focuses
on aquatic ecosystem integrity, water metrics, uses for mine water discharge, industrial processes and
urban sprawl, and evaluation of water resources; and 5) the Hydrology Research Center, a new initiative,
which is focusing on underground mine water quality and quantity. 

The West Virginia Advisory Committee for Water Research serves as the overall advisory body. Specific
priorities for 2003 identified by the Committee include: 1) aquatic ecosystem integrity (anti-degradation,
water quality criteria, nutrient/pathogen impacts, headwater stream valuation/mitigation); 2) water metrics
(methods for measuring physical, chemical, biological components, in situ monitoring, PPCP’s, pathogens
in drinking water); 3) uses for mine water discharge (drinking water potential for underground mine pools,
irrigation, industrial heating/cooling); 4) industrial processes and urban sprawl (water budgets,
contaminants, flooding, groundwater rescharge, storm water applications); and 5) evaluation of water
resources and uses. 

For more information on the WVWRI, visit our website at www.wvwri.nrcce.wvu.edu. 

Research Program
All of the programs which comprise the WVWRI have a current total value in excess of $4.5 million.
Detailed project information can be found on the WVWRI web site at www.wvwri.nrcce.wvu.edu. 
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Synopsis of Accomplishments:  
 
To date, Tasks 1-6 has been completed.  Cross-referencing USFS data with WVDEP 
information indicated that many of the paired watersheds in the USFS Report had been 
disturbed since the initial study.  With the assistance of Nick Schaer, of the WVDEP, 
NMLRC staff searched permits and satellite images of potential watersheds to determine 
applicability to our project.  The results indicated that two of the paired watersheds have 
the potential for use in this study.  These watersheds are in Nicholas and Upshur, 
Counties, WV and range in size from 55 to 207 acres.  Site visits to these watersheds 
have discovered disturbance since the data had been collected and insufficient flow to 
support benthic communities. 
 
It was then decided that we use an impacted watershed from the USFS report and find an 
unimpacted watershed that was not used in the initial study for the paring. We were 
successful in this attempt, as we have used two watersheds in Preston County, WV. The 
impacted watershed, no. 9212 was mined from 1955 to 1979 and is located in the Valley 
Point area. The unimpacted watershed is similar in size and is also located in the Valley 
Point area. Benthic sampling, as well as water sampling, was conducted on Friday, May 
23 with representatives of the NMLRC as well as a benthic specialist. 
 
A benthic specialist has been hired as a subcontractor on this project to lead the benthic 
sampling activities and identify benthic organisms. Our benthic specialist has conducted 
numerous benthic surveys in Monongalia and Preston Counties, WV. 
 
Publications 
 
During this period there have been no publications resulting from this research project. 
 
Information Transfer Activities 
 
The technical reports generated quarterly that are supported with funds from this project 
are posted on our website at http://wvwri.nrcce.wvu.edu/ . 
 
Student Worker Summary 
 
Category USGS WRI 

Award 
NIWR-USGS 

Internship 
Supplemental 

Awards 
Total

Undergrad 2    
M.S.     

Ph. D.     
Post-Doc.     

Total     
 
NIWR-USGS Student Interns 
 
There were no NIWR-USGS student interns on this project. 

http://wvwri.nrcce.wvu.edu/


Notable Achievements and Awards 
 
There were no notable achievements or awards resulting from this work supported by 
these project funds. 
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Abstract 
 
 The purpose of this study was to measure the impact of longwall mining on 
headwater streams in northern West Virginia.  Physical, chemical, and biological 
measurements were collected at eight sites along the gradient of each stream from 
the source 0.65km (0.4 miles) downstream. Six longwall mined streams were 
compared to five reference streams that were unmined or had been room-and-pillar 
mined. 
 
 Physically, longwall mined headwater streams were significantly different in 
terms of stream width and temperature.  Longwall mined streams were dry at 28% of 
sites, and all streams were impacted near their sources with stream width indicating 
remnant surface flow.  Streams reemerged downstream, with most reappearing 
gradually along the downstream gradient.  Stream width returned to reference 
conditions in four of six longwall mined streams in watersheds greater than 80 acres. 
Instantaneous stream temperatures were consistently 1-2oC cooler in longwall 
mined compared to reference streams, indicative of underground flow following 
stream subsidence. 
 
 Longwall mined streams were similar in terms of pH and hardness, but 
significantly different in terms of alkalinity, conductivity, and dissolved oxygen when 
compared to reference streams.  Compared to reference streams, higher 
conductivity and oxygen demand are indicative of somewhat degraded conditions in 
longwall mined headwater streams.  However, longwall mined streams were capable 
of supporting a diverse macroinvertebrate fauna at sites where water was present. 
  
 Reference streams had diverse and ubiquitous aquatic macroinvertebrate 
communities across the region.  Semivoltine taxa, those requiring perennial flow 
conditions for multiple years, were collected at 98% of reference stream sites.  In 
contrast, longwall mined streams were dry at 28% of sites and had semivoltine taxa 
at only 48% of sites. Longwall mining results in a 50% reduction in the omnipresence 
of perennial aquatic biological communities in headwater streams in Marshall 
County. 
 
 The functional disposition of the macroinvertebrate communities in longwall 
mined streams failed to follow the predicted trends exemplified by communities in 
reference streams.  For instance, leaf shredders constitute ½ of all taxa and ½ of all 
individuals collected in the upper reaches near the source of reference streams.  
Shredders declined precipitously to 30% of the community in the lower reaches of 
reference streams.  In longwall mined streams shredders often dominated in the 
mid-reaches of streams, with resurgence of surface water apparently mimicking the 
spring source condition.  Predators were often out of balance with the community in 
longwall mined versus reference streams. 
 
 In conclusion, de-watering due to longwall mining results in a 50% reduction 
in the perennial headwater stream condition in Marshall County, West Virginia.  Loss 
of headwater streams from an increasingly large area within the landscape could 
significantly disrupt ecosystem-level processes in the central Appalachian region.
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Introduction 
 
 Longwall mining in the central Appalachian region results in loss of many 
springs and wells such that mining companies are generally required to replace 
water supplies.  Studies of wetlands (Schmid & Kunz, 2000) and larger streams 
(Earth Science Consulants, 2001) in southwestern Pennsylvania, USA have 
addressed the impacts of full-extraction mining followed by subsidence on these 
respective landscape elements, but no studies have addressed impacts on spring-
fed headwater streams in the region.  These streams are often ignored or mistakenly 
referred to as “intermittent” or “ephemeral” due to their non-existence on widely-used 
1:24,000 scale topographic maps.  In fact, headwater streams can be expected to 
comprise greater than 80% of the total length of the stream network in a region 
draining a given watershed (Hynes, 1970).   
 
 Loss of headwater streams from the landscape could have significant eco-
system level consequences.  Headwater streams are more recently being regarded 
as exceptional in terms of performance in energy flow and nutrient retention within 
the complex network of forest and stream interrelations (Wallace et al, 1997).  For 
instance, the stream-dwelling seal, spring, and northern two-lined salamanders are 
the dominant vertebrate predators in these headwater streams, but many other 
amphibians also depend on headwater streams to provide suitable aquatic breeding 
sites in proximity to the forest.  Other fauna, including birds, depend on the 
emergence of aquatic insects as a significant food source (Jackson & Fisher, 1986;  
Gray, 1993).  Via their biological communities, headwater streams have the unique 
capacity to import low-quality, lignin and cellulose forest products (leaves and sticks) 
and convert that material into high-quality fats and proteins for export back to the 
forest in the form of insect emergence.  Moreover, emerging insects are in a form 
readily consumed by a suite of forest species at a time coinciding with annual 
breeding and nesting cycles. 
 
 The purpose of this research is to measure potential impacts of longwall 
mining to headwater streams in northern West Virginia.  In order to accomplish this 
we developed and evaluated a method for assessing damage to headwater streams 
based on attributes of the biological community along the headwater stream 
gradient.  We tested the hypothesis of no significant difference in the diversity, 
longevity, functionality, and ubiquity of the aquatic macroinvertebrate communities 
when comparing longwall mined versus reference headwater streams. 
 
 
Methods 
 
Field studies consisted of sampling streams at their source and at measured 
downstream intervals.  Selection of suitable study streams was accomplished by 
determining the presence or absence of longwall undermining from mining maps and 
permit records filed with State Department of Environmental Protection field offices.  
Within each mining region, longwall mined watersheds were paired with nearby 
reference watersheds that were geographically similar, but were either un-mined or 
room and pillar mined several decades prior to study.  Studies were conducted in 
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four Pennsylvania mining regions and one West Virginia mining region operated by 
different companies over the past two-decades.    
 
 In the field each stream was sampled by a four-person team on a single date.  
Each stream was followed to the primary source and the source location recorded 
using Global Positioning Systems.  The source (spring, or seep) was sampled for 
pH, conductivity, dissolved oxygen, and temperature using standardized field 
meters.  Stream width was measured 10 times using a ruler or tape.  Three 
investigators collected aquatic macroinvertebrates from a ten meter reach using any 
means practical (hand-picking, nets, pans, forceps) for a total of 10 minutes (timed).  
The resulting 30-minute composite sample was stored in a pre-labeled 250 ml 
plastic container, preserved in 80% ethanol, and returned to the laboratory.  The 
team measured fifty meters downstream with a tape, recorded the GPS location, and 
repeated the sampling.  Sampling continued at 100 meter intervals for a total of eight 
samples per stream.  Sampling was conducted in May through July, 2002, laboratory 
work in July through December, and analysis from January through June, 2003. 
 
 In the laboratory (210b Donahue Hall, WJU), macroinvertebrates from stream 
samples were sorted and identified to the lowest practical taxonomic level, generally 
genus.  Chemical and biological data were compiled in spreadsheets and analyzed.   
Community-level metrics included taxa richness (number of kinds) as a measure of 
diversity, the number of EPT (mayfly, stonefly and caddisfly) taxa as an indication of 
the purely aquatic, relatively long-lived (generally >9 months aquatic) taxa, and the 
number of semivoltine taxa, those with aquatic larval life cycles that are greater than 
one-year in length as an additional biological measure of stream permanence.  The 
percent abundance of each of four functional feeding groups (leaf shredders, fine 
particle collectors, algal grazers, predators) was calculated in order to compare the 
trophic status (energy balance) of communities at each site (Merritt & Cummins, 
1996).  Basin geomorphology including watershed area (Allan, 1995), stream 
elevation, slope, and aspect were measured for each site using GPS coordinates 
and MapTech Software with US Geological Survey 1:24,000 scale data. 
 
 In analysis 8 samples collected along the longitudinal stream gradient 
represented each stream.  Samples site locations were randomly predetermined 
based on prescribed distance measurement from the source.  Samples collected at 
regular (50, 100 meter) intervals were representative of the 0.65km (0.4 mile) 
headwater stream watershed-ecosystem.  Six mined and five reference streams 
were compared using two-way general linear models analysis of variance of streams 
within regions.  With the exception of six outliers, data met ANOVA assumptions of 
normality and homogeneity. 
 
Index of ubiquity 
 
 Widespread occurrence, omnipresence, or ubiquity of macroinvertebrate taxa 
were measured mathematically by creating a Ubiquity Index.  The purpose of the 
Ubiquity Index was to predict the occurrence of various macroinvertebrate taxa 
across the study region (Map 1), and to compare disturbed versus reference 
conditions to determine if any taxa appeared particularly responsive to longwall 
mining.  The index is based on the presence or absence of taxa in samples (88) 
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from streams (11) across replicate regions (4).  Two replicate reference regions, 
separated by approximately 25 km, included 2 Dysart Woods compared to 3 
Marshall County streams.  Three recently disturbed streams in Marshall County, 
separated by approximately 2 km from 3 streams that were longwall mined 5-10 
years ago, comprised the two replicate disturbed regions.  Given the 25 and 2 km 
difference in scale, the ubiquity of a given taxa would be expected to favor the 
replicate disturbed regions. 
 
 The Ubiquity Index was calculated separately for disturbed versus reference 
conditions for each of 60 macroinvertebrate taxa, as well as the summary variables 
EPT Taxa, Semivoltine Taxa, mayflies (Ephemeroptera), stoneflies (Plecoptera), and 
caddisflies (Trichoptera) using the formula: 
 

Utaxa = ( (region 1(fstreams * fsamples)  +  region 2 (fstreams * fsamples) ) /2 )*fregion 
 
where the ubiquity of a given taxa (Utaxa) is the product of the precent frequency of 
occurrence (presence/absence) of the taxa in samples, streams, and regions.  
Frequency of occurrence in streams (fstreams) is equal to the percent of streams (3, 
except 2 in Dysart Woods Reference) in a region that a taxa was collected in.  The 
variable fsamples is the percent frequency in 24 samples (except 18 in Dysart Woods) 
within a region.   The product of the stream and sample frequency is averaged for 
the two regions and multiplied by the frequency of occurrence of the taxa in the two 
regions (i.e. fregion = 100%, 50%, or 0% occurrence in the two regions).  
 
 
Study sites 
 
 Three reference streams in Marshall County that had been room and pillar 
mined were compared to three streams that had been recently longwall mined (Map 
1).  Three Marshall County streams that had been longwall mined between 5 and 10 
years prior to the study were also sampled (Map 2).  Two unmined reference 
streams were sampled in Dysart Woods, approximately 26 km to the northwest of 
the Marshall County reference sites. 
 
 
 



 

 
Maps 1 & 2.  Sampling locations in re
Marshall County, West Virginia (from 

northward extent of mine 

Two Dysart Woods 
reference streams 
Belmont County, OH 
(24km distance NW) 

 
3 reference streams (room
and pillar mining only) 
e 
northward extent of min
6

 

cently longwall mined and reference streams in 
USGS 1:24,000 Glen Easton, WV).  

 

3 reference streams 

3 recently longwall mined

3 Streams that 
were longwall 

mined  
5 – 10 years ago

3 recently longwall 
mined streams 
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Results 
 
Physical characteristics of study streams 
 

Physical attributes of streams and their valleys were comparable between 
longwall mined and reference watersheds (Table 1).  One of the Dysart Woods 
reference streams merged with a larger watershed resulting in a stream width of 2.5 
meters, an extreme outlier (Figure 1).  Otherwise, physical data were normally 
distributed and homogenous.  One statistically significant physical difference was 
that longwall mined streams were on average 1.5o C cooler than reference streams 
at the time of sampling.  Streams that had been longwall mined within the past two 
years had lower water temperatures than streams that had been longwall mined 5-
10 years ago (Figure 1). 

 
The average watershed area upstream of sampling sites was not significantly 

different in longwall mined versus reference streams (Table 1).  Watershed drainage 
area ranged from 4.3 to 262 acres at sampling sites in reference watersheds and 3.7 
to 116 acres at sites in longwall mined streams.  The average sampling point in 
longwall mined watersheds was in a stream draining 47 acres of land surface area 
compared to 60 acres in reference streams.  Dysart Woods reference streams 
(streams 1 & 2) joined larger streams to form 191 to 262 acre watersheds (Figure 1).  
Data from larger stream sites in Dysart Woods were not used in scatter plots 
because there were no sites in longwall mined streams representing watershed 
areas that large. 

 
 

Table 1.  Mean (and 1 Standard Deviation) physical attributes of samples from 
longwall mined (N=48) versus reference (N=40) watersheds (ANOVA, Dunnett’s 
Test ,*p<0.01). 

 Reference streams 
Longwall mined 

streams 
 Mean (SD) Mean (SD) 
     
Watershed area (acres) 60.4 (66.6) 47.4 (32.4)
Elevation (feet) 1098 (98) 1090 (90) 
Stream slope (%) 11.3 (6.6) 11.1 (6.5) 
Compass heading 
(degrees true N) 181 (109) 167 (50) 
Median stream width (m) 0.88 (0.41) *0.58 (0.45)
Water temperature (oC) 18.1 (1.5) *16.5 (1.7) 
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Figure 1.  Box plots of median physical attributes of samples (N=8) from reference 
streams in Dysart Woods (streams 1-2) and Marshall County (3-5), and longwall 
mined streams that were recently longwall mined (6-8) or had been longwall mined 
over the past decade (9-11) in Marshall County. 
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Average stream slopes, elevations, and compass headings in longwall mined 
watersheds were comparable to reference watersheds, and standard deviations 
were indicative of sampling across variable terrain (Table 1).  Elevation ranged from 
1270’ to 770’ amsl, with mean elevation near 1100’ in both disturbed and reference 
watersheds.  Streams originated as spring seeps at approximately 1200’ elevation.  
Reference stream 4 and disturbed stream 9 were the only watersheds with samples 
collected below 900’ elevation, thus the scope this study includes relatively high 
elevation unnamed tributary streams.  This study excluded larger, named streams 
within the region that occurred between 900’ and 623’, the mean pool elevation 
where Fish Creek enters the Ohio River. 
 

Streams originated as spring seeps averaging less than 0.5 m width and 
draining 3.7 to 9.3 acre watersheds at elevations between 1160 to 1270’ (Table 2, 
Figure 2).  Watershed area at the point of flow origin was not statistically different   
when comparing longwall mined and reference streams (p=0.39).  Reference 
watersheds drained 5.8 acres at the point of flow origin and longwall mined streams 
drained 6.9 acres.  Four out of six origin points in longwall mined streams were dry.   
Some longwall mined streams were either dry, as indicated by zero stream width, or 
partially dewatered as evidenced by narrower stream widths in the upper reaches.  
Dry streambeds were conspicuous in the field and the former spring seep origins 
were obvious. 
 
Table 2.  Mean (and Standard Deviation) physical attributes of samples at the point-
of-origin of longwall mined (N=6) versus reference (N=5) watersheds (ANOVA, 
Dunnett’s Test ,*p<0.01). 

 Reference streams 
Longwall mined 

streams 
     
 Mean (SD) Mean (SD) 
     
Watershed area (acres) 5.8 (0.85) 6.9 (0.77) 
Elevation (feet) 1198 (14.8) 1216 (16.2) 
Stream slope (%) 0.217 (0.028) 0.183 (0.025)
Heading (degrees) 181 (40) 167 (37) 
Median stream width (m) *0.44 (0.09) 0.10 (0.90) 
     

 
 
 Excluding dry streams, median stream widths in longwall mined watersheds 
were not statistically different than stream widths in reference watersheds (Table 1).  
However, stream profiles indicate that where water was present stream width was 
notably less in streams that drained the upper 20 acres of longwall mined 
watersheds (Figure 2).  Median stream widths ranged from 0 to 0.4 meters in the 
upper 20 acres of longwall mined watersheds, versus 0.1 to 1.4 meters in the upper 
20 acres of reference watersheds.  Most of the subsided longwall mined headwater 
streams re-emerged at points downstream as indicated by the steeply inclining 
regression line representing the relationship between stream width and watershed 
area in longwall mined streams (Figure 2).  Re-emergence restored stream width to 
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near-reference conditions in four of six longwall mined streams.  The intersection of 
the regression lines for longwall mined versus reference streams indicates that 
stream width returned to background conditions once an average longwall mined 
watershed had achieved 80+ acres in drainage area.   
 
 The physical effects of dewatering were most apparent near the spring seep 
sources where all longwall mined streams were affected to some degree.  Water 
returned to most longwall mined streams as their watersheds approached 20 acres 
in drainage area.  In 20 acre watersheds longwall mined streams were about ½ the 
width of reference streams.  Interpolating from Figure 2, longwall mined streams 
achieved 5/8 the width of reference streams in 40 acre watersheds, and 7/8 of 
reference stream widths in 60 acre watersheds.  The gradual increase of stream 
width indicates that surface water re-emerges continuously along the gradient of 
longwall mined headwater streams. 
 
 Stream temperature at the time of sampling (instantaneous) was consistently 
lower in longwall mined versus reference streams (Figure 2).  On average, stream 
temperature was approximately 1oC lower where water was present in the upper 
reaches of longwall mined streams, and 2oC lower in the lower portions of the 
watersheds.  Statistically significant differences in water temperature are particularly 
compelling because the field sampling schedule eliminated seasonal effects by 
alternating randomly between longwall mined and reference streams. 
 
 In contrast, the tendency for stream temperature to increase with increasing 
stream size, as indicated by the slopes of the regression lines, was the result of two 
obvious factors. First, streams were sampled consistently starting at the point of 
origin in the morning and working downstream into the afternoon.  Thus the apparent 
temperature increases actually reflect daily warming of the streams.  Second, 
streams in the upper reaches of watersheds are proportionally dominated by 
groundwater and reflect a tendency toward mean annual temperature of 12oC.  
There was less of a tendency for longwall mined streams to exhibit the downstream 
temperature increases measured in reference streams.  Consistently lower 
instantaneous temperatures in longwall mined streams is apparently due to 
subsidence which results in reduced exposure to the surface conditions evident in 
reference streams.  Temperatures well above mean annual temperature in longwall 
mined streams also reflect a relatively short groundwater residence time which is 
further evidence that re-emergence of subsided headwater streams occurs 
continuously along the downstream greadient and mostly within the scope of this 
study, that is, watersheds less than 100 acres in drainage area. 
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Figure 2.  Profiles of physical attributes versus watershed area of longwall mined 
(squares) and reference streams (circles).  Least squares means linear regression 
lines for longwall mined (dashed, N=48) and reference (solid, N=40) streams. 
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Chemical characteristics of study streams 
 
 Water chemistry was significantly different for three of the five chemical 
parameters measured in the field (Table 3).  Stream water pH, compared as the 
mean of the log of the hydrogen ion content, was on average 7.7 in longwall mined 
and reference streams.  Water hardness (Ca2+, Mg2+, Fe+2, Mn2+), primarily calcium, 
was not significantly different when comparing disturbed versus reference 
watersheds.  
 
 Mean conductivity, dissolved oxygen, and alkalinity showed statistically 
significant differences between longwall mined and reference streams (Table 3).  
Average conductivity values were approximately 100 micro mhos greater in longwall 
mined streams, indicating a 29% greater dissolved ion content in longwall mined 
streams.  Reference streams were on average 88% saturated with dissolved 
oxygen, and longwall mined streams averaged 78% saturated.  Alkalinity, primarily 
bicarbonate (HCO3

-), averaged 79 parts per million greater in longwall mined 
streams, a 60% increase compared to reference streams. 
 
Table 3.  Mean (and 1 Standard Deviation) water chemistry in samples from longwall 
mined (N=48) versus reference (N=40) watersheds (ANOVA, Dunnett’s Test 
,*p<0.01). 
   
 Reference streams Disturbed streams 
     
 Mean (SD) Mean (SD) 
     
pH (mean H+ conc.) 7.67 (0.32) 7.71 (0.31)
Conductivity (uhmos) 344 (89) *446 (65) 
Dissolved oxygen (% sat.) 87.8 (14.6) *78.3 (16.7)
Alkalinity (ppm) 131 (35) *210 (45) 
Hardness (ppm) 175 (44) 161 (20) 
  

 
 
 There was little difference when comparing pH across regional streams 
(Figure 4).  Most pH values were between pH 7 to pH 8.  There was a significant 
(p<0.05), r2=0.33) downstream trend of increasing pH with increasing stream size 
(Figure 5).  There was a greater pH difference between the two Dysart Woods 
reference streams, streams 1 and 2, than there was across the region.  Stream 1 
had an average pH (as log H+ concentration) of 7.8 versus 7.2 in stream 2 (Figure 
4).  Stream 2 also had comparatively low conductivity and alkalinity, particularly at 
the two uppermost sites near the source (Figure 5).  Stream 2 pH, conductivity, and 
alkalinity achieved levels comparable to other reference streams at a distance of 
between 350 and 450 meters from the source.  The increase in dissolved mineral 
content was accompanied by an exceptionally low dissolved oxygen reading 350 
meters below the source.  Greater oxygen demand at this site is indicative of 
mineral-laden spring water entering the stream system.  The pH of longwall mined 
streams was within the range of natural differences in pH among regional reference 
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streams.  At the watershed-level, lower pH values near the source of streams are 
apparently the result of CO2-charged groundwater at the source coupled with a 
relatively high oxygen demand by the heterotrophic stream community. 
 
 Significantly greater mean conductivity and alkalinity were indicative of 
greater dissolved mineral content in longwall mined versus reference streams (Table 
3).  Each stream, including reference streams, appeared to have a unique 
conductivity signature (Figure 4), but conductivity profiles indicated consistently 
greater total dissolved solids in longwall mined streams regardless of stream size 
(Figure 5).  Conductivity was highly variable at the point of flow origin and became 
more consistent downstream.  In any given longwall mined stream, resurgence of 
water downstream of subsided stream segments was accompanied by step-wise 
increases in conductivity that peaked at 450-550umhos in approximately 80 acre 
watersheds.  The stepped, or incremental pattern parallels that of stream width and 
helps confirm that most of the surface water lost to subsidence returned to the 
stream bed as graduated resurgence upwellings in streams draining 80+ acres.  
Conductivity remained consistently high in all longwall mined streams, with no 
recovery apparent. 
 
 Unlike conductivity, alkalinity showed a tendency toward recovery to 
background conditions as indicated by convergence of regression lines representing 
longwall mined versus reference streams.  However, regressions of alkalinity versus 
watershed area for longwall mined and reference streams did not interact within the 
range of watershed sizes studied here.  Therefore, any recovery indicated by 
convergence of regression lines is predicted to occur well downstream of the scope 
of this study. 
 
 Lower dissolved oxygen in many longwall mined streams near their point of 
flow origin appears to reflect the observed stagnation of water in partially dewatered 
stream segments.  In the field, we sampled any available pocket of surface water 
within 5 m of the predetermined and measured sampling point.  In larger stream 
segments somewhat lower dissolved oxygen may reflect chemical oxygen demand 
in resurgence areas.  In a few isolated incidents in the field we noted black or red 
precipitates indicating formation of metal hydroxides on the streambed.  Precipitates 
were generally confined to stream reaches less than 50 m in length, stream water 
was always >50% oxygen saturated, and pH was always >7.  Lower dissolved 
oxygen in the headwaters of an average longwall mined stream would be expected 
to return to near-reference conditions of approximately 90% oxygen saturation as 
indicated by the interaction of the respective regression lines at a point of 
approximately 100 acres. 
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Figure 3.  Box plots of median chemical attributes of samples (N=8) from reference 
streams in Dysart Woods (streams 1-2) and Marshall County (3-5), and longwall 
mined streams that were recently longwall mined (6-8) or had been longwall mined 
over the past decade (9-11) in Marshall County. 
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Figure 4.  Profiles of chemical attributes versus watershed area of longwall mined 
(squares) and reference streams (circles).  Least squares means linear regression 
lines for longwall mined (dashed, N=48) and reference (solid, N=40) streams. 
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Biological characteristics of study streams 
 
Abundance, Diversity, and Longevity of Stream Communities 
 

An average reference stream sample (N=40) was composed of 61 individuals 
representing 14 different kinds (taxa) of aquatic macroinvertebrates (Table 4).  The 
majority of taxa were EPT Taxa, comprised of mayflies (Ephemeroptera), stoneflies 
(Plecoptera), and caddisflies (Trichoptera).  The EPT taxa are relatively long lived, 
with aquatic development periods lasting from 6 months to more than one year 
(Anderson & Wallace, 1996).  When considered collectively, the overlapping life 
cycles between 10 different EPT Taxa within the community indicate perennial flow 
conditions in the average reference streams.  Longevity of the biotic community is 
further indicated by an average of 3 different semivoltine taxa collected in an 
average reference stream sample. 
 

Significantly fewer organisms were collected from longwall mined than from 
reference watersheds (Table 4).  No surface water was present at 7 of 24 sample 
locations in recently disturbed streams, and at 7 of 24 sample locations in streams 
that had been disturbed over the past decade.   However, measures of abundance 
(total number collected), diversity (Richness and EPT Taxa), and longevity (EPT 
Taxa and Semivoltine Taxa) were reduced by about one-half in longwall mined 
versus reference streams overall, indicating that dewatering impacts extend beyond 
the 29% of stream sites that were dry at the time of sampling. 
 
 
Table 4.  Mean (and 1 Standard Deviation) for biological community metrics in 
samples from longwall mined (N=48) versus reference (N=40) watersheds (ANOVA, 
Dunnett’s Test, *p<0.01). 
 Reference streams Longwall mined streams 
 Mean (SD) Mean (SD) 
     
Total number collected 61.35 (23.67) *27.35 (28.27) 
     
Taxa Richness (# of kinds) 13.95 (4.43) *7.04 (5.99) 

EPT Taxa (per sample) 9.65 (3.14) *4.85 (4.57) 
Mayflies (taxa per sample) 2.98 (1.39) *1.63 (1.66) 
Stoneflies (taxa) 3.68 (1.33) *1.75 (1.91) 
Caddisflies (taxa) 3.00 (1.41) *1.48 (1.53) 
     
Semivoltine taxa 3.18 (1.43) *1.56 (1.76) 

 
 
 
Box Plots show that macroinvertebrates were consistently abundant and 

diverse in samples collected throughout reference streams, but the response of 
longwall mined streams was more variable (Figure 5).  With one exception, longwall 
mined streams had sample distributions indicating wide-ranging within-stream 
differences in macroinvertebrate abundance and diversity.  In the most highly-
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impacted stream (Stream 6) less than 10 macroinvertebrates were collected in an 
average 30-minute composite sample, a collecting rate of one every three minutes 
compared to one every thirty-seconds in reference streams.   In contrast, 10 of 16 
samples from two of the least impacted longwall mined streams had abundance and 
diversity characteristics comparable to reference stream samples.  Mean abundance 
and richness in two longwall mined streams was not significantly different than in two 
of the reference streams (ANOVA p<0.05, Dunnett’s test). 
 

All of the longwall mined streams appeared impacted to some degree, but 
some streams were more affected than others.  The biological community in one of 
the recently mined streams(6) was nearly eliminated.  Recently mined stream 7 and 
previously mined stream 10 were less impacted than other longwall mined streams, 
with some metrics approaching near-reference conditions.  From the source 
downstream 0.65km, none of the longwall mined headwater streams studied in 
Marshall County disappeared completely, but all were impacted to some degree. 

 
The EPT Taxa were sensitive to longwall mining.  Only three of six longwall 

mined streams had sample distributions that overlapped reference streams.  
Recently disturbed stream 7 had between 4 and 10 EPT Taxa throughout the 
stream.   Watershed 10, disturbed in the past, had few EPT Taxa in the uppermost 
reaches, but a particularly rich fauna at downstream sites resulting in the highest 
mean EPT Taxa of any stream, and a median EPT Taxa (9) comparable to 
reference streams.  In contrast, the most highly impacted stream had an average of 
1 EPT Taxa per sample, typically the mayfly Paraleptaphlebia sp. (Ephemeroptera: 
Leptophlebiidae), but also occasional individuals of the stonefly Amphinemura 
delosa (Plecoptera:Nemouridae), the caddisfly Neophylax sp. 
(Trichoptera:Odontoceridae), Isopods (Isopoda: Aseelidae), dixid and chironomid 
midges (Diptera: Dixidae, Chironomidae), and snails (Gastropoda: Planorbidae). 
 

Semivoltine taxa, those that require greater than one year in the aquatic larval 
development phase, were particularly sensitive to dewatering (Figure 5).  For 
instance, semivoltine taxa were completely eliminated from stream 6, and averaged 
one per sample in the other recently mined streams.  Overall, semivoltine taxa 
comprised 19% of the total number of macroinvertebrates collected in the study, and 
18% of the total number of kinds of invertebrates collected in the study.  Semivoltine 
taxa were collected in 39 of 40 reference stream samples.  Between 1 and 5 
Semivoltine Taxa could be expected in reference stream samples, with an average 
of 2 to 4 taxa per sample (Figure 5).  The most commonly encountered semivoltine 
taxa (Table 5) included the Dobbsonfly Nigronia serricornis (Megaloptera: 
Corydalidae), the stoneflies Peltoperla arcuata (Pelcoptera: Peltoperlidae), 
Acroneuria carolinensis (Plecoptera: Perlidae), and Agnetina sp., (Plecoptera: 
Perlodidae), and the crayfish Cambarus bartoni (Decopoda: Cambaridae). 
 
 Streams that had been longwall mined in the past had several semivoltine 
taxa (Figure 5).  Stream 10 was dry for the first 50, had 3 semivotine taxa 150 
meters from the source, was dry again at 250 meters, and was well-watered with 
abundant and diverse benthic community for the next 300 meters including 3 or 4 
semivoltine taxa per sample (Figure 6).  Semivoltine taxa were absent from the 
upper reaches of all streams that had been longwall mined.  One or two taxa were 
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collected from the mid and lower reaches of two of the three recently mined streams.  
Two to five semivoltine taxa were collected in the mid to lower reaches of all streams 
that had been longwall mined in the past.  Greater abundance of semivoltine taxa in 
streams that had been longwall mined sometime in the past is an encouraging 
indication of potential long-term recovery.  However, the sample size is limited to 3 
recent and 3 past disturbed streams, and between-stream variability is considerable. 
 

Biological metrics reflecting the relative abundance, diversity, and longevity of 
macroinvertebrate communities gave consistently negative responses to longwall 
mining (Figure 6).  Impacts appeared to be greatest near points of stream origin, and 
to lessen somewhat downstream.  For instance, by interpolating best-fit regression 
lines for 10 acre watersheds, macroinvertebrates in longwall mined streams were 
77% more difficult to collect, 65% less diverse, had 75% fewer EPT taxa, and had 
72% fewer semivoltine taxa than comparable reference streams.  Biological metrics 
in longwall mined streams gradually increased downstream so that in an average 
100 acre watershed, again interpolating from regression models, abundance was 
31% lower, richness 27% lower, EPT taxa 27% lower, and semivoltine taxa 26% 
lower than in 100 acre reference streams.  Recovery of biological metrics to 
background conditions is indicated by the slope of the regression lines approaching, 
but not interescting within the scale of this study.  Although risky because it is out of 
the range of this study, interaction between the longwall mined and reference 
regression lines, perhaps indicating biological recovery, is predicted to occur at a 
point somewhere between 158 acres (semivoltine taxa) and 178 acres (taxa 
richness) for each of the four biological metrics.
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Figure 5.  Box plots of median biological attributes of samples (N=8) from reference 
streams in Dysart Woods (streams 1-2) and Marshall County (3-5), and longwall 
mined streams that were recently longwall mined (6-8) or had been longwall mined 
over the past decade (9-11) in Marshall County. 
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Figure 6.  Profiles of biological attributes versus watershed area of longwall mined 
(squares) and reference streams (circles).  Least squares means linear regression 
lines for longwall mined (dashed, N=48) and reference (solid, N=40) streams. 
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Table 5.  Taxa collected in order of abundance during the study showing taxonomic 
affiliations, life cycle (univoltine=completes life cycle in 1 year, and semivoltine=two-
year or longer aquatic larval development period), and functional feeding group 
assignment. 
class or insect order Genus (species) life cycle function 
    
Ephemeroptera Paraleptaphlebia Univoltine predator 
Plecoptera Leuctra Univoltine shredder 
Trichoptera Diplectrona Univoltine collector 
Plecoptera Agnetina Semivoltine predator 
Ephemeroptera Heptagenia Univoltine grazer 
Plecoptera Peltoperla Semivoltine shredder 
Decopoda Cambarus Semivoltine shredder 
Plecoptera Amphinemura delosa Univoltine shredder 
Trichoptera Neophylax Univoltine grazer 
Ephemeroptera Stenonema Semivoltine grazer 
Amphipoda Gammarus Univoltine shredder 
Trichoptera Lepidostoma Univoltine shredder 
Ephemeroptera Baetis Univoltine collector 
Trichoptera Pycnopsyche Univoltine shredder 
Megaoptera Nigronia serricornis Semivoltine predator 
Isopoda Isopoda Univoltine shredder 
Plecoptera Acroneuria carolinensis Semivoltine predator 
Diptera Dicronota Univoltine predator 
Diptera Dixa Univoltine collector 
Plecoptera Isoperla  Univoltine predator 
Plecoptera Perlesta Semivoltine predator 
Diptera Chironomidae Univoltine collector 
Plecoptera Ostracerca Univoltine shredder 
Ephemeroptera Ameletus Univoltine collector 
Diptera Limnophora Univoltine collector 
Diptera Tipula Univoltine shredder 
Coleoptera Dubiraphia Univoltine collector 
Plecoptera Sweltsa Semivoltine shredder 
Trichoptera Polycentropus Univoltine collector 
Ephemeroptera Epeorus Univoltine grazer 
Trichoptera Cyrnellus Univoltine collector 
Trichoptera Rhyacophila Univoltine predator 
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Table 5 (cont.).  Taxa collected in order of abundance during the study showing 
taxonomic affiliations, life cycle (univoltine=completes life cycle in 1 year, and 
semivoltine=two year or longer aquatic larval development period), and functional 
feeding group assignment. 
 
class or insect order Genus (species) life cycle function 
    
Diptera Hexatoma Univoltine predator 
Annelida Oligochaeta Univoltine collector 
Ephemeroptera Ephemera Semivoltine collector 
Ephemeroptera Eurylophella temporalis Univoltine collector 
Molluska Gastropoda Univoltine grazer 
Coleoptera Dytiscus Univoltine predator 
Trichoptera Wormaldia Univoltine collector 
Odonata Cordulegaster Semivoltine predator 
Diptera Eubriidae Univoltine predator 
Megaloptera Sialis Univoltine predator 
Trichoptera Dolophilodes Univoltine collector 
Diptera Hydroporinae Univoltine collector 
Diptera Ormosia Univoltine collector 
Odonata Calopteryx Semivoltine predator 
Odonata Stylogomhus Semivoltine predator 
Diptera Hydrocantus Univoltine predator 
Diptera Stratiomys Univoltine predator 
Molluska Bivalvia Univoltine collector 
Plecoptera Clioperla clio Univoltine predator 
Trichoptera Hydropsyche betteni Univoltine collector 
Odonata Aeshna Univoltine predator 
Coleoptera Dytiscidae Univoltine predator 
Diptera Helochares Univoltine collector 
Diptera Hydroptilidae Univoltine collector 
Coleoptera Psephenus Univoltine grazer 
Diptera Limnophila Univoltine predator 
Diptera Simulium Univoltine collector 
Diptera Tabanus Univoltine predator 
Corixidae Corixa Univoltine predator 
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Community function 
 
 Co-existence of the diverse taxa in these communities at any one time 
indicates a need for resource partitioning by specialization into various functional 
roles.  Leaf shredders (36 and 37%) and fine particle collectors (40 and 35%) 
comprised the bulk of the community function in both disturbed and reference 
streams (Table 6).  Only 13-14% of the communities in all streams were engaged in 
grazing biofilm (algal and fungal matrix) from the stream bottom.  There were no 
significant overall differences in longwall mined versus reference streams in the 
proportional allocation of functional feeding groups.  However, the variability within 
streams, as indicated by high standard deviations (Table 6) and box plot ranges 
(Figure 7) was consistently greater in longwall mined streams.  In longwall mined 
streams the proportion of shredders, collectors, grazers, and predators were more 
widely ranging than in reference streams. 
 
 Whereas the mean functional disposition of longwall mined versus reference 
streams was not significantly different (Table 6), the pattern of change in community 
function along the stream gradient was significantly different (Figure 8).  For 
instance, in reference streams shredders comprised 47% of the community in the 
upper stream reaches (10 acres) and declined to less than 30% of the community in 
larger streams draining the lower reaches of 100+ acre watersheds (p<0.01, 
r2=0.17).  The precipitous decline in shredder dominance was compensated for by 
subsequent increases in the collectors and grazers.  In longwall mined streams 
these patterns failed to emerge.  In longwall mined streams shredders were often 
most abundant in the mid-reaches of watersheds, apparently corresponding with 
resurgence of water into a streambed.  Shredders populations were independent of 
watershed area and much less predictable in longwall mined streams compared to 
reference streams.  Longwall mined streams had greater functional imbalance 
compared to reference streams, and they failed to achieve significant changes in 
functional allocations witnessed along the gradient of reference streams (Figure 8).  
The predator fauna comprised, on average, approximately 11-14% of the 
communities in streams.  However, predators were absent or nearly absent in many 
sites in longwall mined streams. 
 
 
Table 6.  Mean (and 1 Standard Deviation) of biological community functional 
metrics where macroinvertebrate communities were present in samples from 
longwall mined (N=34) versus reference (N=40) watersheds (ANOVA, Dunnett’s 
Test, *p<0.01). 

Functional feeding group Reference streams 
Longwall mined 

streams 
 (% of total number collected) Mean (SD) Mean (SD) 
     
Leaf shredders  37 (15) 36 (23) 
Fine particle collectors 35 (12) 40 (23) 
Grazers 14 (9) 13 (10) 
Predators 14 (11) 11 (13) 
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Figure 7.  Box plots of median functional feeding group proportions in samples (N=8) 
from reference streams in Dysart Woods (streams 1-2) and Marshall County (3-5), 
and longwall mined streams that were recently longwall mined (6-8) or had been 
longwall mined over the past decade (9-11) in Marshall County. 
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Figure 8.  Profiles of functional feeding group proportions versus watershed area of 
longwall mined (squares) and reference streams (circles).  Least squares means 
linear regression lines for longwall mined (dashed, N=48) and reference (solid, 
N=40) streams. 
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Taxa specific responses 
 
 Predominant macroinvertebrate taxa were plotted against watershed area to 
determine if any taxa-specific patterns emerged with respect to disturbance.  The 
mayfly Paraleptophlebia was the most abundant organism in the study (Table 5).  
Paraleptaphlebia was collected at all reference sites, and was most abundant in the 
upper reaches of reference streams (Figure 9).  Paraleptaphlebia was not abundant 
in the headwater reaches of most longwall mined streams, but was abundant at 
specific sties downstream.  The return of Paraleptophlebia to the lower reaches of 
longwall mined streams appeared to coincide with re-emergence of sunken streams.   
Paraleptophlebia reached peak abundance in 10-50 acre reference streams 
compared to 60-100 acre longwall mined streams. 
 
 The stonefly Leuctra was the second-most abundant organism in the study, 
was collected at 85% of reference stream sites, and was most abundant at sites 
closest to the stream source.  In longwall mined streams, however, Leuctra was 
virtually absent from the upper reaches of longwall mined streams, and peak 
abundance occurred at 5 specific sites further downstream in 80-100 acre, recently 
mined watersheds.  Leuctra was nearly absent from streams that had been longwall 
mined several years prior to the study.  Only one or two Leuctra were collected, and 
from only 5 of the 24 sites in streams that had been longwall mined in the past. 
 
 Diplectrona was the dominant caddisfly in headwater streams in this study 
(Table 5).  Diplectrona is a net-spinning caddisfly that filter-feeds on suspended 
particulate matter in streams.  Diplectrona were abundant in the upper reaches of 
most reference streams and common in the mid and lower reaches of all reference 
streams.  Diplectrona were generally less abundant in longwall mined streams, and 
nearly absent from the recently disturbed streams. 
 
 The stonefly Agnetina, the mayfly Heptagenia, and the stonefly Peltoperla 
each showed a consistent bimodal distribution when comparing longwall mined 
versus reference streams (Figure 10).  In reference streams these organisms 
dominate the upper reaches of streams.  In contrast, these taxa are abundant only in 
the lower eaches of longwall mined streams.  These organisms respond to 
dewatering of the upper reaches by inhabiting downstream resurgence areas of 
some streams much as they would a reference headwater spring seep.  However, 
other taxa, such as Lepidostoma (Trichoptera: Lepidostomidae), the 12th most 
abundant organism collected, were common in reference streams but rare in 
longwall mined streams and did not exhibit the “resurgence pattern.”  Obviously, 
several taxa appear to be at disproportionate risk due to longwall mining.  Other 
taxa, specifically isopods and amphipods, may actually benefit because they are 
associated with upwelling of stream water downstream of subsided stream 
segments (Figure 11).  The question that arises is can these longwall mined 
streams, given the loss of a tremendous amount of habitat, provide adequate refuge 
to maintain regional populations of headwater stream-dependent organisms.   
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Figure 9.  Profiles of the four most abundant taxa showing the number collected per 
sample versus watershed area of longwall mined (squares) and reference streams 
(circles). 
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Figure 10.  Profiles of the 5th through 8th most abundant taxa showing the number of 
individuals collected per sample versus watershed area of longwall mined (squares) 
and reference streams (circles). 
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Ubiquity of macroinvertebrate taxa 
 
 Widespread occurrence, omnipresence, or ubiquity of macroinvertebrate taxa 
was measured mathematically by formulating a Ubiquity Index.  The Ubiquity Index 
value indicates the percent chance of finding an organism at any random site in a 
regional headwater stream.  Ubiquity Index values were compared between 
disturbed and reference conditions (samples, streams, and regions) to determine the 
degree to which longwall mining affected regional macroinvertebrate distribution, 
and to assay for any taxa-specific responses. 
 
 As a group, the EPT Taxa (mayfly, stonefly, caddisfly) were omnipresent in 
reference streams.  Stoneflies were collected in every reference stream sample 
(Table 7).  Mayflies were present in all but one, and caddisflies were present in all 
but 2 of the 40 reference samples.  Omnipresence of multiple EPT Taxa is perhaps 
the best indicator of perennial stream communities in the region.  Additionally, 
Semivoltine Taxa, those requiring permanent aquatic conditions, where collected at 
98% of reference sites.   
 

The consistent presence of long-lived aquatic taxa across the region indicates 
perennial aquatic conditions originating at the stream source in watersheds draining 
areas as small as 5 acres.  Spring seeps at the point of flow origin continue 
downstream as permanent water contiguous with the larger stream and river 
ecosystems indicated on USGS 1:24,000 scale data.  It should be noted that, based 
on the biota, perennial aquatic conditions exist at all reference sites even though 
only 25% of sites were indicated as perennial streams designated by solid blue lines 
on USGS 1:24,000 scale data.  Of the remaining reference stream samples, 2% 
were indicated as “intermittent” streams (dot-dash blue line) and 73% were not 
shown on USGS 1:24,000 scale data, and are often mistakenly referred to as 
“ephemeral” streams.  In light of the ubiquitous biological community presence in 
streams in small watersheds across the region;  the USGS 1:24,000 scale data is 
inaccurate with regard to stream designation as well as stream delineation. 
 
 
Table 7.  Ubiquity Index values (U) for reference streams versus longwall mined 
disturbed streams for taxa summary variables. 
    
Taxa summary variables U reference U disturbed U difference 
    
EPT Taxa 1.000 0.708 -0.292 
    
Mayflies 0.979 0.667 -0.313 
Stoneflies 1.000 0.625 -0.375 
Caddisflies 0.948 0.583 -0.365 
    
Semivoltine taxa 0.979 0.465 -0.514 
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Macroinvertebrate communities were not always present in longwall mined 
headwater streams.  Seven of 24 sampling sites in recently mined streams and 7 of 
24 samples from streams mined over the past decade had no surface water.  
Therefore, only 71% of the habitat available in reference streams was also available 
in analogous disturbed streams, and for any given taxa a generalized decline of 29% 
in the Ubiquity Index scores would be expected.  A 67% Ubiquity Index score 
indicates that, with 2 exceptions, mayflies were present wherever surface water was 
present in longwall mined streams.  Any further declines would indicate that 
macroinvertebrates in the remaining 71% of the habitat are further impared, such as 
in the case of stoneflies and caddiflies, each showing 37% reductions in Ubiquity 
following longwall mining (Table 7).  Semivoltine taxa appeared even more sensitive 
with Ubiquity Index scores reduced from 98% to 47% following longwall mining 
impacts to regional watersheds, streams, and stream reaches. 
 

Ubiquity of the EPT Taxa in disturbed streams is mostly due to the presence 
of the mayfly Paraleptophlebia (Ephemeroptera: Leptophlebiidae), the most 
abundant and widely-distributed macroinvertebrate in regional headwater streams.  
In the genus Paraleptophlebia, the time required for nymphal development varies 
from six-months to one-year depending on species and latitude (Edmunds, et al, 
1976).  Of the dominant mayflies studied, Paraleptophlebia was the least responsive 
in terms of decline in ubiquity following mining (Figure 11).   

 
The Heptageniid mayflies (Ephemeroptera: Heptageniidae) Heptagenia and 

Stenonema, characterized by somewhat longer nymphal development periods 
(Wallace & Anderson, 1996), had proportional reductions in ubiquity of 46, and 47%, 
respectively.  Likewise, the most abundant and ubiquitous stonefly in this study, 
Leuctra, characterized by 1-2 year aquatic nymphal development periods (Wallace & 
Anderson, 1996;  Stewart & Stark, 1988), had a 65% proportional reduction in 
ubiquity across the region following longwall mining (Figure11). 
 

The stonefly Acroneuria carolinensis (Plecoptera: Perlidae) has a well-
documented two-year aquatic larval development period in streams (Wallace & 
Anderson, 1996).  Although Acroneuria was the sixteenth most commonly 
encountered macroinvertebrate in reference streams with a ubiquity index value of 
31%, it was nearly eliminated from longwall mined streams, with a Ubiquity Index 
value of 5% (Figure 11).  The Dobbsonfly Nigronia Serricornis (Megaloptera: 
Corydalidae) has a three-year aquatic development period in West Virginia streams 
(Tarter, 1976), was the fifteenth most commonly encountered macroinvertebrate in 
streams as well as the dominant predatory macroinvertebrate.  Nigronia exhibited  
22% ubiquity in the longwall mined watersheds versus 59% ubiquity in reference 
streams.  Nigronia were common at the source and in the upper reaches of 
reference streams.  In longwall mined streams Nigronia was restricted to the 
downstream reaches where Nigronia appears to be a good indicator of the 
resurgence of perennial stream conditions in the lower reaches of some longwall 
mined streams.  
 
.
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Sixty distinct taxa ordered from most(left) to least(right) abundant
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Figure 11.  Comparison (top) of Ubiquity Index scores in disturbed versus reference  
conditions for the twenty most abundant macroinvertebrate taxa, and (bottom) the 
relationship (2nd-order polynomial regression, p<0.001) between the  proportional 
change in Ubiquity following longwall mining versus the relative abundance of 
macroinvertebrate taxa across the region. 
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Discussion 
 
 The physical dimensions of the 5 reference and 6 longwall mined watersheds 
were comparable with the exception of water temperature and stream width.  
Instantaneous water temperature at the time of sampling indicated significantly lower 
surface water temperature in longwall mined versus reference streams.  Water 
temperatures were lower even though sampling of longwall mined streams was 
chronologically interspersed with reference stream sampling.  Loss of water at the 
surface and longer underground residence time resulted in 1–2oC lower summer 
water temperatures in longwall mined streams. 
 
 Longwall mined streams were dry at 29% of study sites, most of which were 
within 100m of the point of flow origin.  If dry streams with zero width were removed 
from the model, median stream width was not significantly different when comparing 
longwall mined streams with reference streams.  However, where surface water did 
exist in longwall mined streams, streams were on average 2/7 the width of 
comparable reference streams.   Recovery of surface flow in longwall mined streams 
occurred, as indicated by median stream widths compared to reference conditions, 
on average, in approximately 80 acre watersheds. 
 
 Three of five chemical measures showed significant differences when 
comparing longwall mined versus reference streams.  Higher total dissolved solids, 
alkalinity, and oxygen demand are typical impacts associated with mining.  Stream 
water quality was somewhat degraded as evidenced by higher conductivity in 
longwall mined streams.  However, the presence of carbonate minerals in fractured 
rock strata helped buffer the dissolution of pyritic materials, thus pH remained similar 
to reference conditions. 
 
 Within the biological community the EPT Taxa represented 28 of the 60 kinds 
of macroinvertebrates collected, and 3,265 of the 3,932 total number of 
macroinvertebrates collected in this study.  One can expect to collect between 6 and 
14 different EPT Taxa at any site in any reference stream 95% of the time.  The EPT 
Taxa are often used as indicators of good water quality because as a group they are 
particularly responsive to disturbance (Rosenberg & Resh, 1993).  In this study the 
primary interest in EPT Taxa is their relatively long aquatic larval development 
period.  With some exceptions, EPT Taxa typically require greater than 9 months 
residence in streams in order to complete their larval development and successfully 
emerge as adults (Wallace & Anderson, 1996).  The co-existence of multiple EPT 
Taxa in these streams in the summer months is indicative of their permanence as 
consistent landscape elements.  These streams, often mistakenly referred to as 
“ephemeral” or “intermittent” because of their inaccurate depiction on USGS 
1:24,000 scale data, are indeed perennial entities.   
 
 The difference in the response of EPT Taxa, with a 29% proportional 
reduction in ubiquity following longwall mining, versus Semivoltine Taxa, with a 51% 
proportional reduction in ubiquity, was approximately 22%.  The dynamic changes in 
headwater stream communities indicate that 29% of perennial headwater streams 
are “dewatered,” lasting a few weeks at most following a storm event, sometimes 
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providing isolated pockets of refuge, but incapable of supporting a sustained aquatic 
community.  An additional 22% of longwall mined streams are “partially dewatered,” 
supporting organisms with up to 9 month life cycles but failing to provide suitable 
conditions for the perennial macroinvertebrate communities observed in reference 
streams.  Longwall mining results in a 50% reduction in the omnipresence of 
perennial aquatic biological communities in headwater streams across the region. 
 
 In many regions headwater streams harbor biodiversity that equals or 
exceeds that of larger downstream reaches (Feminella, 1996;  Dieterich & Anderson, 
2000; Williams, 1996).  Many species live only in headwater streams, and loss of 
headwaters represents a significant threat to southern Appalachian fauna (Morse et 
al, 1993).  Many other forest species depend on the close proximity of streams 
directly as breeding sites and water sources, and indirectly, for instance, the 
emergence of aquatic insects providing a high quality a food source in a form and at 
a time suitable for breeding birds.  Loss of one-half of all headwater streams from 
the longwall mining region may have significant consequences for central 
Appalachian forest ecosystems. 
 
 
Conclusion 
 
 Longwall mining results in a net loss of one-half of all headwater streams in 
Marshall County, West Virginia.  Streams are particularly impacted near the source, 
and re-emerge downstream.  Otherwise, aquatic macroinvertebrate communities in 
reference streams are ubiquitous across the region, rich in diversity, long-lived, and 
dependent on the surrounding terrestrial ecosystems for energy and nutrients. 
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1. SYNOPSIS OF RESEARCH COMPLETED TO DATE 
 
Introduction: 
 

The overriding objective of this research is to develop an empirical model that can be 
used to predict stream biological condition as a function of specific water chemistry 
characteristics.  The basic structure of the model is as follows: 
 

Stream Condition  =   f(interaction of a suite of water chemistry constituents) +  
    f(temporal variability of the constituents) 
 

This research focuses on developing a model for the lower Cheat River basin, and as 
such, focuses on chemical constituents associated with acid mine drainage (AMD).  Our hope is 
that such a model can be used to predict changes in the overall ecological condition of the 
watershed as a function of changes in water quality resulting from AMD remediation efforts.  
Furthermore, we expect that such a model can be used to assess the relative ecological benefits 
of specific trades under a pollutant-trading framework.   
 
 
Research Tasks: 
 

The overall research design is divided into three separate research tasks.   
 
Task 1:  Water Quality Sampling and Analysis 
Task 2:  Benthic Invertebrate Sampling and Analysis 
Task 3:  Statistical Analysis of Data and Model Development 
  
 Over the past year we have completed Task 1 and initiated Tasks 2 and 3.  The second 
year of this project will be devoted towards completing Tasks 2 and 3 and integrating results 
from all three tasks.  Because Task 3 was the only task completed this year, I will discuss the 
results of this task in detail. 
 
 
Results of Task 1 – Water Quality Sampling and Analysis: 
 

Task 1 can be divided into two subtasks.  Subtask 1.1 represented the regular, periodic 
sampling of 35 different stream reaches distributed throughout the lower Cheat River basin.  
Regular sampling of surface water chemistry and discharge at these locations in the lower Cheat 
River basin was initiated June 1, 2002.  Water samples were obtained over a 3-day period every 
3 weeks (total of 3 samples at each station have been taken to date).  Water samples were taken 
to Black Rock labs in Sabraton, WV for analysis.  The following parameters were determined: 
pH, conductivity, dissolved oxygen, alkalinity, hardness, total dissolved Al, total dissolved Fe, 
Mn, Cd, Cr, Ni, acidity, and sulfate.  Water sampling was completed the week of May 21, 2003 
giving a full year of regular water chemistry sampling (15 separate samples taken at each of the 
35 locations).   The water quality lab is still generating data from these samples.  Table 1 gives 
mean values of each measured parameter from samples taken up through April 1, 2003. 
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Subtask 1.2 represented a more comprehensive sweep of surface water samples taken at a 
total of 80 stream reaches (35 of which were the reaches described above).  Samples from these 
stations were obtained on each of two separate dates (late August 2002 and early April 2003).  
These samples were taken to represent low baseflow and moderate to high baseflow conditions).  
The same water chemistry parameters listed above were estimated for each stream reach on each 
date.  In addition to the above parameters, we measured Selenium concentrations at each site on 
these two dates.   

 
The primary objective of Task 1.1 was to quantify temporal variability in water quality 

conditions in stream reaches throughout the lower Cheat River basin.  We were especially 
interested in temporal changes in trace metal concentrations in “moderately impaired” stream 
segments.  Moderately impaired streams are those with pH ranging from 4.5 to 6.5 and 
manganese concentrations ranging from 0.2 to 4 mg/L.  The primary objective of Task 1.2 was to 
quantify stream-to-stream variability in water quality conditions, again with an emphasis on 
variation in trace metal concentrations among moderately impaired streams.  Combined, results 
from these subtasks will be used to relate spatio-temporal variability in water quality to specific 
levels of biological degradation.   
 
 
Progress on Task 2 – Benthic Invertebrate Sampling and Analysis: 
 
 Benthic invertebrate sampling was completed May 24, 2003.  Samples were obtained 
following West Virginia Department of Environmental Protection Standard Operating 
Procedures at each of the 80 study reaches (35 regularly sampled reaches plus 45 additional sites 
visited on two separate occasions).  WV DEP procedures also will be used to analyze the 
samples in the lab over the next 3-4 months.  
 
 
 
2. PUBLICATIONS DURING THE REPORTING PERIOD 
 

None 
 
 
 
3. INFORMATION TRANSFER ACTIVITIES DURING THE REPORTING PERIOD 

 
Three separate seminars were given on the topic of water quality trading and how 

biological communities can be used to quantify trades at the scale of an entire watershed.  All of 
these seminars were presented to participants in the Cheat Water Quality Trading Stakeholder 
Group.   
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4. SUMMARY OF THE NUMBER OF STUDENTS SUPPORTED 
 

Category USGS WRI Award 
NIWR-USGS 

Internship 
Supplemental 

Awards Total 
Undergrad 2 0 3 5 
M.S. 0 0 1 1 
Ph.D. 1 0 1 2 
Post Doc 0 0 0 0 
Total 4 0 5 9 
 
 
 
5. NIWR-USGS STUDENT INTERNS 
 

None 
 
 

6. ACHIEVEMENTS AND AWARDS DURING THE REPORTING PERIOD 
 

The Principal Investigator (JTP) received additional supplemental funding from 
Allegheny Energy and the Electrical Power Research Institute to conduct research that will allow 
us to quantify the overall degree of ecological impairment that can be attributed to different 
stressors in the Cheat River watershed.  This information complements the research funded 
through the WRI and will make it possible to use the model being developed under the current 
WRI project to guide a pollutant trading program in the Cheat River watershed.   



Site Name pH Temp Sp_Cond DO TDS Q Alkalinity Acidity SO4 Al Cd Cr Fe Mn Ni Ca* Hardness* TSS**

(oC)  (uS cm-1) (mg/L) (m3/s)  (mg/L CaCo3 equiv.) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)                  (mg/L as CaCo3)
Unimpaired

Daugherty Run 1 7.08 12.72 73 10.55 0.047 0.18 16.49 7.72 10.0 0.17 0.0015 0.0012 0.16 0.013 0.011 13.1 20.3 1.2
Muddy Creek 1 7.41 13.16 120 10.53 0.078 0.22 38.10 4.04 9.6 0.17 0.0014 0.0007 0.30 0.027 0.008 31.2 34.0 4.0
Muddy Creek 2 7.16 11.93 93 10.65 0.061 0.35 25.36 7.54 8.8 0.17 0.0012 0.0010 0.17 0.034 0.010 24.3 30.0 2.8
Roaring Creek 1 7.24 10.83 89 10.72 0.090 0.22 23.55 11.41 9.6 0.17 0.0017 0.0020 0.22 0.035 0.011 22.0 27.6 2.8

Moderately Impaired
Beaver Creek 1 5.76 10.90 33 11.11 0.023 0.27 2.82 24.39 14.6 0.23 0.0014 0.0012 0.17 0.076 0.010 8.8 11.4 1.2
Beaver Creek 2 6.57 11.15 45 11.30 0.030 0.24 4.27 26.86 11.2 0.16 0.0013 0.0013 0.18 0.041 0.009 10.4 14.5 0.8
Beaver Creek 3 6.35 11.43 150 11.40 0.098 0.60 5.78 28.36 54.2 0.24 0.0040 0.0015 0.24 0.398 0.021 24.1 43.9 0.2
Beaver Creek 4 6.62 11.35 177 11.36 0.115 0.57 7.81 23.40 63.9 0.17 0.0019 0.0072 0.24 0.341 0.022 27.0 51.3 0.2
Big Sandy Creek 1 5.95 13.12 200 10.64 0.130 7.02 10.07 23.20 58.4 0.53 0.0016 0.0008 0.16 0.382 0.019 28.8 48.0 6.8
Big Sandy Creek 2 6.95 14.77 189 10.53 0.123 . 16.78 14.11 46.1 0.14 0.0018 0.0006 0.13 0.078 0.015 28.3 46.3 1.6
Cheat DS Lick Run  3.75 6.14 320 12.80 0.203 . 0.00 103.38 141.6 4.70 0.0015 0.0037 9.33 0.346 0.064 24.3 45.3 27.4
Daugherty Run 2 7.05 10.65 158 11.37 0.103 0.38 25.75 5.96 42.6 0.12 0.0014 0.0009 0.12 0.023 0.009 32.7 46.2 3.4
Elk Run 6.67 11.27 121 11.30 0.078 0.24 9.80 17.87 37.6 0.13 0.0010 0.0012 0.22 0.126 0.017 21.0 35.2 0.2
Little Laurel Run 6.43 10.80 184 11.08 0.120 0.44 5.77 28.18 43.2 0.77 0.0012 0.0015 0.64 0.429 0.023 22.9 48.3 1.6
Lick Run of Roaring 6.07 11.24 61 10.76 0.040 0.27 2.53 25.80 16.1 0.30 0.0013 0.0008 0.21 0.169 0.011 11.4 16.6 2.8
Little Sandy 1 7.08 10.64 286 11.22 0.186 1.17 27.18 15.49 78.6 0.12 0.0013 0.0013 0.25 0.249 0.013 35.3 68.0 1.2
Little Sandy 2 7.05 10.40 290 11.21 0.189 1.20 22.42 14.25 80.4 0.19 0.0011 0.0030 0.29 0.353 0.027 34.8 65.1 1.0
Little Sandy 3 6.97 10.62 252 11.33 0.164 2.15 17.11 13.01 76.3 0.12 0.0023 0.0014 0.20 0.176 0.014 33.3 61.5 0.2
Little Sandy 4 6.87 10.09 253 10.69 0.178 2.28 16.74 13.87 72.1 0.14 0.0012 0.0015 0.23 0.225 0.019 32.4 58.8 6.0
Muddy Creek 3 6.72 10.72 149 11.24 0.097 0.99 12.92 17.36 50.6 0.20 0.0015 0.0026 0.30 0.321 0.018 26.4 43.4 1.2
Muddy Creek 4 7.00 10.53 205 11.30 0.133 1.25 17.59 17.95 69.1 0.16 0.0014 0.0020 0.29 0.249 0.017 31.8 57.2 4.0
Muddy Creek 5 6.93 10.81 269 11.38 0.175 1.40 24.56 9.25 89.8 0.22 0.0059 0.0009 0.24 0.142 0.015 43.1 78.6 5.0
Muddy Creek 6 5.25 10.43 333 11.44 0.216 1.38 4.23 39.24 134.1 1.96 0.0017 0.0016 0.49 0.380 0.045 38.9 78.7 12.0
NF Green's Run 1 4.09 10.13 163 11.52 0.107 0.14 0.00 46.16 57.0 2.87 0.0014 0.0013 0.27 1.013 0.033 15.8 25.9 0.2
NF Green's Run 2 4.66 10.25 139 11.63 0.090 0.21 0.00 37.44 49.3 1.97 0.0015 0.0015 0.24 1.198 0.029 16.8 26.5 2.2
NF Green's Run 3 6.26 11.93 259 11.64 0.168 0.26 18.33 14.91 92.1 0.51 0.0017 0.0012 0.18 0.515 0.023 29.6 62.0 10.2
NF Green's Run 4 6.47 10.98 214 11.13 0.140 0.38 14.71 11.41 76.8 0.31 0.0017 0.0015 0.17 0.335 0.022 31.1 59.3 8.2
Roaring Creek 2 7.05 10.85 79 11.13 0.051 0.67 16.48 16.57 11.4 0.14 0.0044 0.0011 0.09 0.087 0.014 18.0 23.8 2.6
Roaring Creek 3 6.88 11.45 218 11.26 0.142 0.61 16.94 12.06 71.3 0.15 0.0039 0.0038 0.15 0.124 0.015 40.4 62.7 2.2
Sovern Run 4.77 11.36 320 10.69 0.209 0.33 0.18 40.75 126.2 2.84 0.0037 0.0020 0.32 1.803 0.089 23.0 56.9 4.6
Webster Run 6.80 26.43 547 11.24 0.357 0.19 19.41 10.05 245.2 0.19 0.0020 0.0032 0.40 0.468 0.049 58.9 128.7 1.2

Severely Impaired
Lick Run of Cheat 2.71 7.35 1529 12.35 0.993 0.70 0.00 498.22 822.6 34.00 0.0031 0.0156 62.89 1.750 0.300 37.8 112.5 66.0
Martin Run 2.99 10.58 1811 11.46 1.177 0.46 0.00 382.24 941.8 19.78 0.0040 0.0071 27.08 8.264 0.400 91.9 281.9 0.4
Muddy Creek 7 3.57 10.40 777 11.57 0.551 1.85 0.00 146.88 381.9 9.28 0.0025 0.0037 7.38 3.033 0.155 50.6 140.2 14.2
Muddy Creek 8 3.82 10.32 973 11.53 0.633 2.13 0.00 137.32 443.7 8.76 0.0031 0.0041 4.99 2.555 0.154 58.9 151.1 16.2

Selenium was measured 9-Sep-02 (1 sample), not yet analyzed

Table 1.  Mean water quality values for the 35 regularly sampled stream reaches in the lower Cheat River watershed.  Data used to calculate the means are from 14 separate 
sampling events that occurred approximately every three weeks from June 1, 2002 until April 1, 2003.  Sample from three additional dates have not yet been analyzed.
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" ANNUAL REPORT OF ACCOMPLISHEMENTS AND RESULTS" 
 
PROJECT SPECIFICATIONS: 
 Subcontract No. 68-211-WVSC 
 Project Sponsor: U.S. Geological Service 

Project Title: Aquaculture Waste Control and Optimizing Nutrient 
Utilization through Diet Composition and Feeding 
Strategies" for the FY 2002.  

Period of Performance: March 1, 2002 to February 28, 2003 
 
 

SUMMARY 
 
The present report provides an update of the annual accomplishments for the 
project titled " Aquaculture Waste Control and Optimizing Nutrient 
Utilization through Diet Composition and Feeding Strategies" for the FY 
2002.  
 
 

SYNOPSIS OF THE RESEARCH COMPLETED DURING THE 
REPORTING PERIOD 

 
The first objective of this project was started this spring and feeding trial is 
near completion. The feeding trial will be completed by the May 26, 2003 
and that will be followed by proximate analyses and the analyses of the data. 
The second objective will be started once the first objective feeding trial is 
terminated. 
 

PUBLICATIONS 
 
The project has not progressed to the point of publishing research findings. 
Only preliminary data is available but insufficient to support to support any 
scientific evidence. The data from proximate composition of the fish and 
water quality from the first objective are being analyzed. 

 
INFORMATION TRANSFER ACTIVITIES 

 
Information transfer activities have not commenced. The project has not 
progressed to the point of making research findings available to the public. 
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Results from the first experiment are being compiled and the results will be 
made available to different stakeholders via diverse printed media, and 
possibly through television or video. 
 

SUMMARY OF STUDENTS SUPPORTED WITH THE FUNDS: 
 
There are two undergraduate students that are supported with funds from the 
projects as research students. Each student is paid $6.73/hr during the 
regular school period and $7.12/hr during the summer school. The maximum 
number of hours per week per student is 20hrs during regular school period 
and 40hrs during the summer school.  
 
Category  USGS WRI Award  NIWR-USGS Internship  Supplemental Award Total 
Undergrad  2   N/A   N/A  $0 
M.S.   N/A   N/A   N/A  N/A 
Ph.D.   N/A   N/A   N/A  N/A 
Post-Doc  N/A   N/A   N/A  N/A 
 
Total   2   N/A   N/A  $0 
 
 
 

NOTABLE ACHIEVEMENTS AND AWARDS/MATCHING 
FUNDS/SUPPLEMENTAL GRANTS 

 
No award or achievement recorded at this time because of the delay in the 
commencement of study of objective 1. West Virginia State College has 
spent an estimated sum of $53,073.95 as a matching component to this 
project for the construction of the laboratory space and utilities ($20,000), 
salary for the release time for the PI (15,305.53), and indirect on the grant 
($17,768.42). 
 

PLANS FOR YEAR 2 
 
The first year's studies were not conducted because water temperature 
control system failed and 100% mortality recorded. The water temperature 
rose to 27 oC (trout is coldwater fish and optimum temperature for growth of 
trout ranges 12-15 oC and not higher than 18 oC), and the dissolved oxygen 
level dropped too low to support the fish. Objectives 1 is near completion 
and the objective 2 and 3 will be started at the completion of objective 1  
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Because of the aforementioned problems, only some expenses including the 
purchase of fish, materials and supplies, and payment of student worker have 
been drawn from the account. 
 

 
PROGRESS AND SETBACKS: 

 
The first year's study would have been the determination of the effects of 
feeding practices on waste load in trout culture systems (Objective 1) and 
the evaluation of the effects of different chemical forms of phosphorus on 
net absorption of phosphorus and orthophosphate concentrations in the tank 
water effluents. 
 
Study 1 (objective 1) was terminated because of the above problems. 
 
To correct the design flaw, an engineering firm was contracted to design a 
system that can maintain the temperature of water in the ranges of 10-2 0 oC. 
Based on the engineer's recommendation, both air and water chillers were 
purchased and installed to correct the problem.  
 
Study 1 (objective 1) is near completion and the subsequent objectives will 
be carried out. 



Information Transfer Program
The WVWRI has been involved in a number of meetings, conferences, and workshops. The most notable
is the first West Virginia Water Conference held in Charleston, West Virginia October, 2002. This was the
first of its kind bringing together researchers, academia, and regulators to focus on the most significant
water issues in the state. Approximately 100 attended the 1-1/2 day conference which was sponsored by
EPA EPSCoR, WV EPSCoR, WVWRI, WV Division of Environmental Protection, and the WV Board of
Health. 



USGS Summer Intern Program



Student Support

Student Support 

Category
Section 104
Base Grant

Section 104
RCGP Award

NIWR-USGS 
Internship

Supplemental 
Awards

Total 

Undergraduate 6 0 0 0 6 

Masters 3 0 0 0 3 

Ph.D. 1 0 0 0 1 

Post-Doc. 0 0 0 0 0 

Total 10 0 0 0 10 

Notable Awards and Achievements

Publications from Prior Projects
None 
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