River Basins Comparing local land use to water quality in Upstate South Carolina
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Abstract [11. Results and Discussion V. Conclusion
In this study, | wanted to determine whether local land use has an effect on water quality. | I e R « There is a marginally significant positive correlation between the percentage of
combined water quality data with the local land use by county, and | used ArcGIS to look for Nt e S \ TARE R did ok M forested land within a watershed and the local stream IBI (p=0.5547; p=0.0960).
patterns between these factors. | found that there is a marginally significant positive P \} v - Cokar o R « This positive correlation is further shown by the patterns between higher
correlation in percent forested land within a watershed and water quality. There are also P ‘ oL . Spuitaiie ' 5 . Sl o PR T percentages of forestgd land within a watershed and high IBI values shown by
trends in the increase of pastured or developed land and lower water quality, although this is i kE . oS e our land use model (Figure 2).
not demonstrated by a significant correlation. ) T <§> . ' T& L T « There is no significant correlation between pasture or developed land use and water
G [i : Ak s ey I(-Ip>0.01). both of th h ' d of the d developed
- - - o f « However, both of these tests show a negative trend of the data; as develope
l. Introductlon/theratu re Review '_;3‘%\ s F D i or pastured land increases, IBI often decreases.
Many studies have shown the interactive effects of local land use and water quality, particularly the effects of e /‘- T PR el « Our maps also demonstrate the patterns between high percentages of pastured
urba_nlzatl_on on the blot_lc factors o_f sFr_eams. Freedman et al. (2013) four_ld thgt the_ Iargc_e s_calt_a human _ \< --L- 55_ . -in“l:ref:é="'_ | T or developed land within a watershed and low IBI values (Figure 1 and 2).
manlpulgtlon of the enylronment significantly affects watershed health. BI'O|OgIC8.| diversity in river systems is S, ol M ) . Our data also demonstrates the overall poor water quality of streams in Upstate
closely tied to the multiple scales of land use (Allan 2004). These scales include small spatial scales, such R AT - : . : “ .
as individual river or stream channels or the area within a hundred meters from a stream, or larger landscape Do e oe gl : South Carolina. All 1Bl values are less than or equal to 34, placing them in the "poor
scales, such as the surrounding topography, geology, or other biotic and abiotic factors (Allan 2004). This N T R T or “very poor” categories for stream health and diversity. This fact alone should
large scale views of riverscapes, namely the investigation of the entire watershed, provides a more accurate i e ‘_ Nk it e prompt landowners and environmental organizations to protect the remaining forested
picture of the overall diversity and local stream conditions in an area (Allan 2004). : e — o ﬁ% o ﬁL land within watershed areas.
Percent Forest [ Winter Wheat — Mies o PR KL porcent Pasuraay | E Voot
Several studies have promoted the idea of using GIS database to compare land use to stream habitat quality N 27 505 47 135 I Fotouta Gropind P%gtg%j?ztégﬁtﬁ::fyg o %gfﬁs';-?jjﬁ%; éf;:g;ﬂggﬁggg:ga
in watersheds (Richards and Host 1994; Baker et al. 2001). GIS models can provide information on large Eiﬂ‘é?}iiiiiéi%gggg:ggaz‘i%:;ﬁ:;; M o0r%-2ve WOt B rooo-so o M oot V. Future Research
scale land use patterns in a form that is easily accessible to a wide audience (Baker et al. 2001). ; %%E %E:Ejm oy 'B'; -2 %EEEE;‘;&E% | 'B".‘ -2 %EEESEEE% . Eurther studi(_es could compare the_trends ir.] Ian.d use and Wat_er quality across
Water quality can be quantified by a variety of factors, but the Index of Biotic Integrity (IBl), as developed by @ B © e Fore : o %Eg;?;:;g;;:: : o %E}E@nﬁ;::;ggg time, comparing current land practices to historical land practices. The particularly
Karr (1991) has been shown to be one of the most important and all-encompassing factors that determines o %;ﬂ;ﬁagnﬂgw %gﬁégnﬂ;w low IBI values we found may be the result of not only present-day land use but of
the health of a stream. This index is a measure of many attributes of the local fish community, including fish o ebaceots £ Grssand orcans I S ] Grssnd s S intense farming in years past.
species composition and relative abundances. Twelve attributes of fish communities are rated with a number T ooy ietande B Woocy Wetends Mies [ Woody Wedands Mies » Further studies could also compare local water quality to other abiotic factors,
(5,3, or 1), and the sum of these values provides the IBIl. These IBI values range from 0-60 with anything _ including soil types.
over 48 representing a stream with “good” species richness, integrity, and fish abundances. (Karr 1991) Figure 1. Patterns between the percent of Figure 2. Patterns. bgtween the percent of Figure 3. Patterns between the percent of - Due to the effects of pastured land on water quality, further studies could also
our studv honed to find patterns between local land use. particularly rural land use. and water quality in forested land within each watersh_ed developeccljla;]nd within eal_ch Watersr?eq (red pasture/hay land within each watgrshed investigate the types of farm animals raised in these areas. Th(=T production of
y hop ndp P y ’ quality (purple areas) and the water quality at each areas) and the water quality at each site, (orange areas) and the water quality at each cattle, poultry, or hogs may have alternate effects on water quality.
upstate South Carolina. We chose to analyze land use and water quality at the watershed level, making the site, measured by Index of Biotic Integrity measured by Index of Biotic Integrity (IBI) site, measured by Index of Biotic Integrity
assumption that the water quality tested at one site is influenced by the entire watershed upstream of that ’ _ values. ’ :
point. (IBI) values. See zoomed in land use of _‘ - - (IBI) values. See zoomed in land use of CC VI. Acknowledgements

watershed (red inset) below.

ETRO1 watershed (red inset) below.

| would like to thank the following for help on this project: River Basins Research Initiative,
Dr. Dennis Haney, David Brendle, Megan Chapman, and Mike Winiski.

1. Methodology

» Used cropland data layers (CDLs) for counties in upstate South Carolina (Abbeville, Anderson, -

[ ] CCO02 testing sites

Land Use Categories

Greenville, Greenwood, Laurens, Pickens, and Spartanburg counties) provided by USDA B Ve Wheat
CropScape (http://nassgeodata.gmu.edu/CropScape/; 2012) : %?ﬁﬁi&?iﬂ?ﬂﬁﬁf VI1I. Data Sources

@  ETRO1 testing site
Land Use Categories

[ Developed/Open Space
I Developed/ ow Intensity

« CDLs are 30 meter resolution raster layers produced from satellite imagery taken during

the current growing season from the following sources: the Landsat 5 TM sensor, Landsat M B orlpeied onsy | |
7 ETM+ sensor, and the Disaster Monitoring Constellation (DMC) DEIMOS-1 and UK2 e oot Cropiane B ocitous ot - Figure 1-5 Data Sources: 1) USA County shapefile from ESRI and US Census Bureau,
sensors (Han et al. 2012). o ooeopediOpen Srace. = st 2) 2012 Cropland Data Layers for each county from USDA CropScape

« Used 2012 water quality data provided by Furman RRBI study, collected by Dr. Haney and i D P (http://nassgeodata.gmu.edu/CropScape), 3) Water testing sites and stream layers

[ Deciduous Forest

provided by Dr. Haney and David Brendle, created for RBRI studies, 4) Watershed

students I & orgroon Foras
« Water testing sites were in the upstate of South Carolina and consisted of the following: | % ?b:Hﬂ@b - ﬁg shapefiles created using WMA 8.4 by Dr. Haney and David Brendle, 5) 2012 water quality
Broad Mouth Creek (BMCO01), Craven Creek (CC02), Martin Creek (MC58), PRSO01, * 5 B Vioody Wetlnds 15 data provided by Dr. Haney and David Brendle from RBRI study
Rabon Creek (RA), Turkey Creek (TUCO02, TUCO03, TUCO04), Upper Saluda (SR15A). . X
« Generated watershed shapefiles from WMS 8.4 for area upstream of each water testing site Greenvile 5 o ﬁf v Figure 5. Local land use within Craven Creek ***All maps created with Environmental Systems Research Institute (ESRI) ArcDesktop 10.1.
»  Overlaid watershed shapefiles over CDLs ol d - watershed (CC) upstream of water testing site
- Used watersheds as masks to determine the proportion of land use within each watershed Figure 4. Local land use within Enoree (CCO02). This represents a watershed with a
-« Correlated land use data to local water quality values for each site and associated watershed Tributary watershed (ETR) upstream of high percentage of developed land. 1BI Value: V1Il. References

* Used Spearman’s Rank Correlation for non-parametric data water testing site (ETRO1). This

20
represents a watershed with a high Allan, J. D. (2004). Landscapes and riverscapes: the influence of land use on stream ecosystems.
. Annual review of ecology, evolution, and systematics, 257-284.
. Streams with forested land cover (top) and pasture land cover (bottom ) : : o
percentage of pasture. IBI value: 22 w ver (top) pasty ver ( ) Baker, M. E., Wiley, M. J., & Seelbach, P. W. (2001). GIS-based hydrologic modeling of riparian

Table 1. Index of Biotic Integrity (I1BI r n T : - -
ab € i ddeit 'ct)) i Ot(; tteg ty}(( )iggles and areas: Implications for stream water quality. [Article]. Journal of the American Water
associated atri U €so _s_reiam_( _arr ) Site IBI % Developed % Cropland % Hay/Pasture % Shrubland/Grassland % Water/Wetland  |% Forest Resources Association,37(6)’ 1615-1628.
T‘l?géil BMCO1 22 11.65 1.56 29.53 9.44 0.69 47.13 Freedman, J. A., Carline, R. F., Stauffer Jr. J. R. (2013). Gravel Dredging Alters Diversity and
(ﬁ% Incgity ccol 20 84.77 0.02 3.20 1.37 012 9.90 Structure of Riverine Fish Assemblages. Freshwater Biol. 58: 261-274. o
mtings)* site Atributes ETROL . 513 037 50.78 5 67 033 36.72 Han, W., Yang, Z., Di, L., & Mueller, R. (2012). CropScape: A Web service based application for
%8-60  Excellent  Comparable (¢ the best siuations without human Histurbance; all regionally expacted species for exploring and disseminating US conterminous geospatial cropland data products for decision
(sine) classes; balanced troghic structure. e prm Wi a T Ay ol e MC58 22 3.83 1.30 0.83 1.04 0.52 92.49 . .
48-52 Good Speciesrichnesssomewhatpelowexpectatiqn,especia]lyduetothp10s§of_Lhe_rnnstintole_rant_forms; SuppOI’t. Computers and EIeCtr0n|CS In Ag“CUIture, 84, 111'123
Shows some s ofstrese e opumal abundancss or size disiibutions; rophic struture PRSO1 26 6.87 2.63 24.04 14.54 0.56 51.37 Karr, J. R. (1991). Biological integrity: a long-neglected aspect of water resource
40-44  Fai Signs of additional deterioration include loss of intolerant forms, fewer species, highly skewed trophi H 1 H
. sllft:lc:ﬁr:(e.gi._,oincrc:;;gngquen%)égfgmM\?omt%;;am;::::nffsheo:getl?;stollegggtss;eciesgzrl,dg RAO4 20 6.95 0.96 51.90 12.83 0.00 27.37 management. Ecological applications, 1(1), 66-84.
age classes of top predators ma rare. . . . . .
234 Poor  Dominaied by omnivorss, olsrant forms, and habitat generalists; few top carnivores; growth rates SR15A 34 6.48 0.13 6.94 5.62 1.31 79.52 Richards, C., & Host, G. (1994). Examining land use influences on stream habitats and
and condition factors commonly depressed; hybrids anc! d1sea_sed fish often' present. ) . . .
12-:2 :ers;iuor ﬁi&i{dﬁiﬁfﬁ%{&’anr{fﬁgﬁf or tolerant forms; hybrids common; disease, parasites, fin TUCO2 20 752 178 28.06 941 0.28 5295 zacro_ln;(ertegg?;ris%ggG;gSapproach. JAWRA Journal of the American Water Resources
0 fis] Repeated sampling finds no fish. ssociation, y = . :
*Sics with valus betweon class asigned {0 appopriac ity class Pollvin carefl consdeaton of ndividul TUCO3 26 8.44 0.15 36.15 10.48 0.29 44.49
Tt metric informx 1 .
" No scorscan bo calculated where no fsh were found. TUCO4 28 7.28 0.07 15.08 16.17 0.10 61.31

Table 2. Index of Biotic Integrity (IBI) and percentage of local land use of surrounding watershed for each water quality testing site.




