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Introduction
The South Carolina Water Resources Center uses its operating funds to carry out its mission as a liaison
between the US Geological Survey, the university community and the water resources constituencies of those
institutions. This is accomplished by serving as a water resources information outlet through our web site, by
serving as a research facilitator through our annual grants competition and by operating as a catalyst for
research and educational projects and programs across South Carolina. The Water Center also serves as a
conduit for information necessary in the resource management decision-making arena as well as the water
policy arena of the state.
While continuing to be involved with numerous water issues across the state including membership on an
ad-hoc statewide committee identifying policy issues related to primary water concerns and analyzing
population growth impacts on water resources, the Water Center is collaborating with multidisciplinary teams
investigating natural system/social system interactions. The SCWRC completed a cooperative study with the
US Army Corps of Engineers and six counties surrounding Lake Hartwell in the Savannah River Basin to
determine economic impacts of changing lake levels due to drought and other circumstances. Duke Energy is
currently collaborating with SCWRC on further economic impact studies for reservoirs they manage within
the Savannah River Basin. It is hoped that these economic studies will be included in assessments to manage
flow conditions for the entire Savannah River Basin.
The SCWRC has reaffirmed relationships with key individuals from the South Carolina Department of
Natural Resources, the South Carolina Department of Health and Environmental Control and South Carolina
Sea Grant Consortium in order to advise these state agencies that have critical roles in managing the water
resources of the state. As an outcome of those meetings, the SCWRC has continued work as a committee
member on the Savannah River Basin Advisory Committee for SCDHEC. In addition, the SCWRC is an
advisory member of Clemson University’s Intelligent River program, a program funded through the National
Science Foundation and Clemson University that is designing real time monitoring for South Carolina’s
rivers. The SCWRC also sits on the South Carolina Sea Grant Consortium’s Program Advisory Board and is
actively involved on a project with Sea Grant to investigate alternatives to beach renourishment for
communities threatened by sea level rise.
The Water Center has worked closely on human population growth management issues in several areas of
South Carolina including intensive land cover change and water quality and quantity studies in various
watersheds. Numerous civic leaders have commented on the importance of the model in regard to both
managing growth and development and protecting natural resources, especially receiving waters. A recently
completed water planning study for Pickens County in the Upstate region of South Carolina has prompted
numerous water utilities in the Upstate to ask the SCWRC to propose a water budget analysis for the Upstate
based upon the results of the urban growth model.
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Research Program Introduction
SCWRC Research Program Overview
The SCWRC is part of the only federally mandated research network that focuses on applied water resources
research, education, training and outreach. The SCWRC provides a direct and vital link between federal water
interests and needs, and the academic expertise located within the South Carolina’s research universities. This
provides a mechanism for ensuring state, regional, and national coordination of water resources research, the
education of future water professionals, and the transfer of results and outcomes to state and federal water
professionals. The matching requirements of the program ensures that the state of South Carolina directly
invests in water research and training.
The SCWRC continues to be involved with numerous water issues across the state assisting in identifying
policy issues related to primary water concerns and analyzing population growth impacts on water resources.
The Water Center is collaborating with multidisciplinary teams investigating natural system/social system
interactions.
A key project that is linking the SCWRC to the Strom Thurmond Institute’s Economic Modeling Laboratory
is a cooperative study with the US Army Corps of Engineers and six counties surrounding Lake Hartwell,
which determined economic impacts of changing lake levels due to drought and other circumstances. The
Army Corps is in the process of Phase II of a comprehensive study for the Savannah River Basin and will use
the results of the economic impact study to add to the body of knowledge for that assessment. This study has
already led to funding by Duke Energy to look at similar economic impacts of changing flows both upstream
and downstream from Lake Hartwell within the Savannah River Basin on Lakes Keowee and Thurmond.
Results from these two studies will assist Duke Energy with their FERC relicensing application for the
Keowee/Toxaway Project. An additional highlighted project is the completion of the “Pickens County Water
Supply Plan” funded by the Pickens County Water Authority. The SCWRC provided a comprehensive
assessment and future demand model for a plan for water use for the twelve water purveyors within Pickens
County. The South Carolina Department of Health and Environmental Control is particularly interested in the
process we have undertaken for the Pickens County Water Supply Plan. If the results of the planning process
are suitable, SCDHEC intends to partner with the SCWRC to undertake water supply planning initiatives in
numerous other counties and sub-basins across the state.
Two SCWRC/USGS funded projects are finishing up in 2011: 1) “Sediment Pollution Assessment and
Verification of Abandoned Developments Using Volunteered Geographic Information in a Web Mapping
Interface " with Elena Mikhailova (Clemson University) as principal investigator and Christopher Post
(Clemson University) as co-principal investigator; and 2) “The Influence of Legacy and Current Land Use on
Stream Systems in the South Carolina Piedmont" with Dennis C. Haney (Furman University) as principal
investigator and Gregory P. Lewis (Furman University) and Peter van den Hurk (Clemson University) as
co-principal investigators.
This year the Water Center is funding two research studies through its 2011-2012 USGS competitive research
program: 1) “A Modeling Study of Water Shortages in the Savannah River Basin: Sensitivity of Water
Availability to Evaporative Loss and Climate Change” with Nigel Kaye (Clemson University) as principal
investigator and John Saylor (Clemson University) as co-principal investigator; and 2) “Effects of Water
Pollution on Fish Health” with Peter van den Hurk (Clemson University) as principal investigator and
Michael Paller (Augusta State University) as co-principal investigator.
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1. Baldwin, E. D.*, G. P. Lewis, D. C. Haney, B. Andersen, and A. McNaughton. Relationships between
land cover, basin morphometry, fish communities, and water chemistry in rural watersheds in
northwestern South Carolina. Annual meeting of the Southeastern Section of the Geological Society
of America, Asheville, NC, April 2012.
2. McNaughton, A.*, E. Baldwin, A. S. Jeffers, P. van den Hurk, and D. C. Haney. The effects of legacy
and current land use on stream biota in the piedmont region near Greenville, South Carolina. Annual
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The Influence of Legacy and Current Land Use on Stream Systems in the South
Carolina Piedmont

Proposal Submitted November 2010

Principal Investigators:
Dennis C. Haney, Professor and Chair, Department of Biology, Furman University,
Greenville, SC
Gregory P. Lewis, Associate Professor, Department of Biology, Furman University,
Greenville, SC
Peter van den Hurk, Associate Professor, Department of Biological Sciences, Clemson
University, Clemson, SC

Executive Summary
In some regions, pasture land cover has been associated with high rates of stream
sedimentation, which can degrade the habitat quality of fishes and other aquatic
organisms. Our study investigated the effects of contemporary land cover and basin
morphometry on the physical, chemical, and biotic characteristics of streams in the South
Carolina piedmont. We collected water, sediment, and fish samples under baseflow
conditions from sixteen 2nd- to 4th-order streams in drainage basins ranging from 3 to 33
km2. Land cover in these basins was predominantly (≥ 50%) forest or pasture. We
analyzed water samples for turbidity, major ions, dissolved organic carbon, dissolved
oxygen, and total dissolved nitrogen. Simpson’s diversity index and an Index of Biotic
Integrity (IBI) were calculated from the fish samples.
Contrary to expectations, fish diversity, richness, and total abundance did not
correlate significantly with turbidity or with percent pasture, nor did turbidity correlate
with percent pasture. Drought conditions during summer 2011 may have minimized
transport and suspension of fine particles that might have contributed to stream turbidity.
Simpson’s diversity of fish correlated negatively with percent developed land, and fish
species richness correlated positively with sampling point elevation. Also, percent of fish
abundance accounted for by cyprinids (percent cyprinids) correlated positively with
percent developed land. Stream nitrate, chloride, and base cation concentrations
correlated negatively with percent forest and positively with percent pasture. Ion
concentrations also correlated negatively with slope index (ion concentrations were lower
in watersheds with steeper slopes). Although we cannot rule out the possibility that
fertilizers applied to pastures might contribute ions to stream water, it seems likely that
slope steepness influences ion concentrations indirectly by controlling groundwater
residence times and thus the accumulation of ions by groundwater in transit to stream
channels.
Analyses which remain to be completed include sediment grain size analysis,
sediment metal (copper and arsenic) content, and fish biomarker assays (which can
indicate whether fish have been exposed to various environmental toxins related to land
use or other human activity). We also will continue to search for aerial photographs from
the 1940’s and/or 1950’s which could help us determine if past agricultural land use
(especially intensive cotton farming) has legacy effects on current stream habitats and
stream biota. We hypothesize that streams in the upper piedmont near the Blue Ridge
Escarpment currently have higher fish species richness and diversity due to lower
agricultural impacts in past decades compared to lower-elevation watersheds in more
southern locations in the piedmont.

Introduction and Background
Over the last few decades, the population in the Upstate of South Carolina has
steadily increased: from 1950 to 2000 the population grew from around 640,000 to almost
1.2 million inhabitants. With this growth many former agricultural and forested areas
have been converted to urban land. Recent research by faculty and students in the River
Basins Research Initiative (RBRI) program at Furman University has focused on the
influence of urban land cover on streams in the South Carolina Piedmont (Lewis et al.
2007a,b; Muthukrishnan et al. 2007). In order to begin to understand the influence of
urban land cover on Piedmont streams, we have compared urban streams to streams in
rural areas.
Even in current rural areas of the South Carolina piedmont, anthropogenic
influences on streams are apparent. For example, land cover in rural watersheds can
range widely, from watersheds covered almost completely by forest to watersheds
covered by mixtures of pasture and forest (Muthukrishnan et al. 2007). Our previous
research has demonstrated an association between grass/pasture land cover and turbidity
of streams under baseflow conditions. For example, among 35 streams in subwatersheds
of the Enoree River basin, we have found a highly significant though moderate (r=0.48)
correlation between baseflow turbidity and percent of watershed area covered by
grass/pasture (with % grass/pasture covering up to 67% of watershed area). Similarly, we
have found that headwater streams draining mixtures of forest and grass/pasture have
significantly higher baseflow turbidity (by a factor of 2-6 times) than streams draining
completely forested or urban watersheds (Lewis et al. 2007b). We hypothesize that
erosion of soils from pasture or other grass-covered areas may elevate turbidity and
sediment deposition in rural streams in our region. In other words, grass-covered areas
(including pasture) may represent a current land use that influences stream ecosystems
negatively.
A number of studies have demonstrated that increased turbidity and deposition of
fine sediments on streambeds negatively affect stream biota, including both
macroinvertebrates and fish (e.g., Wood and Armitage 1997, Larsen and Ormerod 2010).
Deposition of fine sediment on streambeds may reduce abundance of macroinvertebrates
that would normally inhabit gravel substrata within riffles (Wood and Armitage 1997).
Also, elevated turbidity both hinders the ability of fish to locate invertebrate prey (Sweka
and Hartman 2001, 2003) and reduces spawning success of fishes that require gravel
substrata (Wood and Armitage 1997, Burkhead and Jelks 2001). At the community level,
the overall effect of elevated turbidity and sedimentation may be to facilitate the
“homogenization” of stream fish communities, in which more tolerant habitat and trophic
generalists replace more sensitive habitat and trophic specialists (Walters et al. 2003).
In addition to possible influences of current rural land cover and land use on
streams, our prior research suggests lasting influences (legacies) of past land cover and
land use. For example, compared to similar areas in the southeastern U.S., the streams of
the South Carolina piedmont are generally depauperate in fish fauna, even in rural,
forested locations where we would expect diversity to be high (e.g., Boschung and

Mayden 2004, Keaton and Haney 2005). Similarly, many geomorphological
characteristics, such as channel incision and width/depth ratio, of the more rural, forested
streams are consistent with those reported for impacted (e.g., urban) watersheds (Taysom
and Muthukrishnan 2008). These observations in rural piedmont watersheds may relate to
the region’s land cover legacy (e.g., Burcher and Benfield 2006). Specifically, many of
the current physical and biological characteristics of Piedmont streams may be remnants
from the widespread land degradation and deforestation associated with intensive cotton
farming across the region during the first half of the 20th century (Schleiger 2000).
During summer 2009, we began to consider the potential impacts of the cotton era
legacy on Piedmont streams. Cultivation of cotton required extensive and repeated
application of pesticides that at that time contained several metals, most notably arsenic
and copper. These metals could have been introduced into stream systems by erosion and
surface runoff or by groundwater influx, thereby contaminating the stream sediment and
waters in this region (Dodds 2002). We conducted a preliminary metal analysis of stream
sediments and stream water chemistry to determine if arsenic and copper were still
present at detrimental concentrations in Piedmont streams. Both of these metals are
potentially toxic to aquatic organisms, and we hypothesized that their presence would
explain the uncharacteristically low fish diversity we have observed in rural and forested
Piedmont streams. Preliminary results were equivocal. We did not detect arsenic and
copper in any baseflow water samples, but both metals were present at low levels in some
sediment samples and at barely detectable concentrations in some stormflow water
samples. However, we had sampled only a small number (< 10) of streams and had not
been able to combine the metal analysis with studies examining health of fish
populations, organisms that have been used extensively for monitoring environmental
impacts in aquatic environments. Fish species have the potential for accumulating
potential toxicants, and their life cycle usually spans a longer period than invertebrates,
which allows for a longer period of contact with potential toxicants.
In the current project, we sampled streams in the piedmont more intensively and
made simultaneous physicochemical and biological measurements at all sites. We also
collected stream sediments to determine the particle size distribution. We predicted that
the abundance of fine sediment particles in streambeds would correlate positively with
percent of watershed area covered by pasture or other grass surfaces. Furthermore, we
hypothesized that decreased biotic integrity would be found at sites with elevated metal
concentrations, abundance of fine sediment particles, and baseflow turbidity.
Methodology
Sampling locations
We collected water, sediment, and fish samples from sixteen 2nd- to 4th-order
streams located in Greenville, Laurens, Pickens, and Anderson Counties. The watersheds
of these sampling localities range in size from 3 to 33 km2 and are part of the Saluda and
Pacolet River drainage basins.

Basin morphometry and land cover classification
Watershed Modeling System (WMS) 8.3 (Aquaveo™) was used to delineate
drainage basins, as well as to calculate catchment areas. These delineated basins were
exported as shapefiles and into ArcMap 10 (ESRI) for further analyses. Maximum
elevation of basin, sampling point elevation, total relief, basin length, slope index, and
width index were calculated according to the methods of Lovett et al. (2000). ArcMap 10
was used with National Land Cover Data (NLCD) from 2006 to determine the
percentages of contemporary land cover classes for each drainage basin. The following
land cover classes were determined: forest, pasture, grassland, developed, and “other.”
Among the watersheds samples, forest cover ranged from 23 to 97%, pasture cover
ranged from 0.6 to 54%, grass/herbaceous (other than pasture) cover ranged from 0.3 to
17%, and developed land cover ranged from 1.5 to 22%.
Water sample collection
Grab samples were collected from each of the sixteen localities two to three times
from June 6, 2011, to August 12, 2011. Conductivity, pH, water temperature, and
dissolved oxygen were measured at all sites using Fisher Scientific AP62 Accumet pH
meters, YSI 30 salinity/conductivity meters, and YSI 55 dissolved oxygen meters. Precleaned, high-density polyethylene bottles were used to collect samples for chemical
analyses. Each bottle was rinsed three times with stream water before samples were
collected. An additional sample was collected for turbidity analysis. Samples were stored
on ice in a cooler when transported from the sample collection site to the laboratory.
Positive pressure was used to filter samples through 0.45 µm membrane filters. Turbidity
was measured on the same day of sample collection using a LaMotte 2020 turbidity
meter.
Solute analyses
Solute concentrations in all samples were determined using standard methods of
analysis. Concentrations of major cations (Na+, K+, Mg2+, Ca2+) and dissolved silicon
(Si2+) were measured using a Varian 2000 ICP-AES spectrophotometer. Major anions (F-,
Cl-, Br-, H2PO4-, NO2-, NO3-, SO42-) were measured using a Dionex 120 ion
chromatograph. Alkalinities were measured using the Gran titration method. Alkalinity
was assumed to be in the form of bicarbonate (HCO3-) for the purpose of charge balances
(Andersen 2002; Lewis et al. 2007). Total dissolved nitrogen (TDN) concentrations were
measured with an O. I. Analytical Flow Solution IV autoanalyser using a cadmium
reduction colorimetric method following UV-persulfate digestion. Detection limits for
TDN were those reported by Lewis et al. (2007). Ammonium concentrations were
determined using a Turner Designs 10-AU fluorometer. Dissolved organic carbon (DOC)
concentrations were measured using a Tekmar-Dohrman Phoenix 8000 total organic
carbon analyzer using a UV-persulfate digestion method. Charge balances were checked
for analytical accuracy according to the methods of Freeze and Cherry (1979).

Sediment collection and analyses
Three sediment samples were collected from each stream at intervals of 50 m for
grain size analysis (at the beginning, middle, and end of a 100 m transect). A fourth
samples was collected from within the transect in order to obtain fine particles (<63 mm)
for copper and arsenic analyses. Sediment for grain size analysis was dried at 60ºC and
then sieved using a RoTap® to obtain particle size distributions. Following protocols in
Tessier et al. (1979), a series of chemical fractions (exchangeable, carbonate-bound,
easily-reducible, moderately-reducible, organic-bound, and residual) will be obtained
from fine particle and subsequently analyzed for copper and arsenic using atomic
absorption spectrophotometry.
Fish sampling
To ensure an equivalent catch per unit measure for diversity calculations, fish
were collected using a Smith-Root backpack electrofisher (Vancouver, Washington; set to
standard pulses at 20 Hz and 4 ms), seine (10' by 4' by 1/8" mesh), and long-handled dip
nets (¼” mesh) for a total of approximately 480 seconds of electrofishing time at each
stream location. All sampling was conducted under baseflow conditions. Collected
specimens were preserved in 10% formalin and later stored in 70% ethanol before
identification. Additional individuals of sunfish (Lepomis spp.), chubs (Nocomis
leptocephalus and Semotilus atromaculatus) and bass (Micropterus salmoides) were
collected for somatic and biomarker assays. These animals were weighed and measured.
Organ (liver, spleen) masses were measured, and tissue samples (blood, liver, gills,
spleen, filets) were harvested from each fish and immediately frozen in liquid nitrogen for
later analysis. Biomarker assays will be conducted during summer 2012 and will include
assays for acetylcholinesterase, metallothioneins, glutathione-s-transferase, thiobarbituric
acid reactive substances, and copper and arsenic, all as outlined in our proposal.
Habitat quality and biotic integrity scoring
A Qualitative Habitat Evaluation Index (QHEI) score was determined for each site
based on substrate quality, amount of in-stream cover, channel morphology, riparian zone
width, pool/riffle quality, and stream gradient (Rankin 1989). We also determined an
Index of Biotic Integrity (IBI) score for each stream. Our specific IBI formula was based
on that of Karr (1981) and used fish community composition information (e.g., total
species richness, number of benthic species, percentage of tolerant/moderately intolerant
species, percentage of pioneer species).
Results and Conclusions
Contrary to our prediction, we found no significant correlation between turbidity
and fish abundance or diversity nor between pasture land cover and stream turbidity.
Drought conditions during summer 2011 may have minimized erosion and transport of
stream sediments and thereby minimized stream turbidity. According to the Southeast
Regional Climate Center (2012), precipitation was lower in 2011 (97 cm) than the
average annual rainfall in South Carolina in the past ten years (121 cm). We plan to resample all streams during summer 2012 to determine if the lack of relationship between
pasture land and stream turbidity is consistent from year to year.

We found no significant correlations between QHEI scores and any other
variables, but IBI was significantly negatively correlated with percent pasture (r=-0.70,
p<0.01). Percent pasture was positively correlated with abundance of Cyprinidae (r=0.65,
p<0.01) and negatively correlated with abundance of Percidae (r=-0.52, p=0.05). Also,
abundance of benthic species was significantly negatively correlated with percent pasture
(r=-0.59, p=0.02).
Percentage of watershed area in pasture was negatively correlated with elevation
of sampling sites (r=-0.58, p=0.018). Also, fish species richness was positively correlated
with the elevation of each sample site. (r=0.55, p=0.03), as was IBI score (Spearman’s
rank correlation, rho=0.77, p<0.01). Thus, watersheds with greater pasture cover and
lower fish diversity tended to occur at lower elevations. These watersheds also tended to
occur in the southern half of our study area. Higher elevation watersheds occurred closer
to the Blue Ridge escarpment in the northern portion of our study area. Terrain in the
higher elevation locations is more rugged, with steeper slopes. It is possible that because
of the steeper terrain that less land was used for intensive production of cotton or other
crops in past decades and that as a result, less stream degradation occurred due to
agricultural runoff. In addition, higher gradient streams might support a greater diversity
of microhabitats than do lower gradient streams in the more southern portions of the
study area.
We are still attempting to locate aerial photographs from our study area from the
1940’s and/or 1950’s that can be used to determine land cover that included intensive
cotton farming. We can then test the hypothesis that watersheds which had more
extensive cotton farming in the past now have lower fish diversity.
We found some evidence that developed land contributes to the homogenization
of fish communities in the piedmont. For example, Simpson’s diversity of fishes was
negatively correlated with % developed land in the watersheds sampled (Spearman’s rank
correlation, rho=-0.75, p<0.01). Percent developed land cover correlated positively with
percent of all fishes that were cyprinids at each site (r=0.80, p=0.0002).
Stream conductivity and most solute concentrations (including nitrate, potassium,
sodium, calcium, magnesium, chloride, and dissolved silicon) were positively correlated
with percent pasture cover, negatively correlated with percent forest cover, negatively
correlated with sampling point elevation, and negatively correlated with slope index.
Although it is possible that fertilizers applied to pasture might contribute ions to stream
water, it also seems likely that topography determines solute concentrations to a large
extent. In particular, watersheds with steeper slopes would have faster groundwater
transit times, reduced contact time of groundwater with soil and bedrock minerals, and
therefore would accumulate fewer ions than would be the case in watersheds with less
steep slopes.

We still need to complete sediment grain size analyses (these are approximately
80% complete at this point) and sediment metal analyses. An undergraduate student at
Furman University will assist in the completion of these analyses during summer 2012.
We also will conduct biomarker assays on fish tissues collected in 2011.
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2. Book Chapter: None
3. Dissertations
Werts, J.D. 2011. GIS and Web technologies for assessing sediment pollution from abandoned
developments. MS Thesis, Clemson University, SC.
4. Water Resources Research Institute Reports

Citation

Author (first author; last name, first name; all others: first name, last name), Year, Title, Name of WRRI,
University, City, State, Number of Pages.

5. Conference Proceedings
Werts, J., Mikhailova, E.A., Post, C.J., and J. Sharp. 2011. An Integrated WebGIS Framework for
Volunteered Geographic Information and Social Media in Soil and Water Conservation. ASA, CSSA, and
SSSA Annual Meeting in San Antonio, TX, October 16-19.
Werts, J., Mikhailova, E.A., Post, C.J., and J. Sharp. 2011. Silverlight Web Mapping Interface for Sediment
Pollution Assessment of Abandoned Developments Using Volunteered Geographic Information. ESRI
Southeast Regional User Group (SERUG) Conference in Jacksonville, FL, May 2-4.

6. Other Publications
Project website: http://www.abandoneddevelopments.com/
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USGS Summer Intern Program
None.
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Category
Undergraduate
Masters
Ph.D.
Post-Doc.
Total

Student Support
Section 104 Base Section 104 NCGP
NIWR-USGS
Grant
Award
Internship
4
0
0
2
0
0
1
0
0
0
0
0
7
0
0

Supplemental
Awards
0
0
0
0
0

Total
4
2
1
0
7
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and GIS") - Articles in Refereed Scientific Journals - Werts, J.D., Mikhailova, E.A., Post, C.J., and
J.L. Sharp. 2012. An integrated WebGIS framework for volunteered geographic information and
social media in soil and water conservation. Technical Contribution No. 5902 of the Clemson
University Experiment Station. Environmental Management. 49(4):816-832.
2. 2010SC79B ("Sediment Pollution Assessment of Abandoned Developments Using Remote Sensing
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3. 2010SC79B ("Sediment Pollution Assessment of Abandoned Developments Using Remote Sensing
and GIS") - Conference Proceedings - Werts, J., Mikhailova, E.A., Post, C.J., and J. Sharp. 2011. An
Integrated WebGIS Framework for Volunteered Geographic Information and Social Media in Soil
and Water Conservation. ASA, CSSA, and SSSA Annual Meeting in San Antonio, TX, October
16-19.
4. 2010SC79B ("Sediment Pollution Assessment of Abandoned Developments Using Remote Sensing
and GIS") - Conference Proceedings - Werts, J., Mikhailova, E.A., Post, C.J., and J. Sharp. 2011.
Silverlight Web Mapping Interface for Sediment Pollution Assessment of Abandoned Developments
Using Volunteered Geographic Information. ESRI Southeast Regional User Group (SERUG)
Conference in Jacksonville, FL, May 2-4.
5. 2010SC79B ("Sediment Pollution Assessment of Abandoned Developments Using Remote Sensing
and GIS") - Other Publications - Project website: http://www.abandoneddevelopments.com/
6. 2011SC88B ("Sediment Pollution Assessment and Verification of Abandoned Developments Using
Volunteered Georgraphic Information in a Web Mapping Interface") - Articles in Refereed Scientific
Journals - Werts, J.D., Mikhailova, E.A., Post, C.J., and J.L. Sharp. 2012. An integrated WebGIS
framework for volunteered geographic information and social media in soil and water conservation.
Technical Contribution No. 5902 of the Clemson University Experiment Station. Environmental
Management. 49(4):816-832.
7. 2011SC88B ("Sediment Pollution Assessment and Verification of Abandoned Developments Using
Volunteered Georgraphic Information in a Web Mapping Interface") - Dissertations - Werts, J.D.
2011. GIS and Web technologies for assessing sediment pollution from abandoned developments. MS
Thesis, Clemson University, SC.
8. 2011SC88B ("Sediment Pollution Assessment and Verification of Abandoned Developments Using
Volunteered Georgraphic Information in a Web Mapping Interface") - Conference Proceedings Werts, J., Mikhailova, E.A., Post, C.J., and J. Sharp. 2011. An Integrated WebGIS Framework for
Volunteered Geographic Information and Social Media in Soil and Water Conservation. ASA, CSSA,
and SSSA Annual Meeting in San Antonio, TX, October 16-19.
9. 2011SC88B ("Sediment Pollution Assessment and Verification of Abandoned Developments Using
Volunteered Georgraphic Information in a Web Mapping Interface") - Conference Proceedings Werts, J., Mikhailova, E.A., Post, C.J., and J. Sharp. 2011. Silverlight Web Mapping Interface for
Sediment Pollution Assessment of Abandoned Developments Using Volunteered Geographic
Information. ESRI Southeast Regional User Group (SERUG) Conference in Jacksonville, FL, May
2-4.
10. 2011SC88B ("Sediment Pollution Assessment and Verification of Abandoned Developments Using
Volunteered Georgraphic Information in a Web Mapping Interface") - Other Publications - Project
website: http://www.abandoneddevelopments.com/
11. 2011SC89B ("The Influence of Legacy and Current Land Use on Stream Systems in the South
Carolina Piedmont") - Other Publications - Baldwin, E. D.*, G. P. Lewis, D. C. Haney, B. Andersen,
and A. McNaughton. Relationships between land cover, basin morphometry, fish communities, and
water chemistry in rural watersheds in northwestern South Carolina. Annual meeting of the
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Southeastern Section of the Geological Society of America, Asheville, NC, April 2012.
12. 2011SC89B ("The Influence of Legacy and Current Land Use on Stream Systems in the South
Carolina Piedmont") - Other Publications - McNaughton, A.*, E. Baldwin, A. S. Jeffers, P. van den
Hurk, and D. C. Haney. The effects of legacy and current land use on stream biota in the piedmont
region near Greenville, South Carolina. Annual meeting of the Association of Southeastern
Biologists, Athens, GA, April 2012.
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