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In the Ozark Mountain karst region, nutrient concentrations in streams of the Buffalo,
Upper Illinois and Upper White River watersheds increase as the percent of land in pas-
ture and urban use increases  Averaged over the last three years, nutrient concentrations 
in Big Creek above and below the C&H Farm are similar to concentrations found in other 
watersheds where there is a similar amount of pasture and urban land use  

Background
Land use within watersheds 

influences the quantity and quality of 
water draining from a watershed. As 
land disturbance increases and use 
intensifies, there is a general increase 
in stormwater runoff and nutrient 
inputs that leads to a greater poten-
tial for nutrient discharge to receiving 
waters. For instance, with urban 
growth, more impervious surfaces 
increase the flashiness of runoff, 
stream flows and wastewater treat-
ment discharge. Also, as areas of agri-
cultural production grow, more fer -
tilizer is applied to achieve optimum 
production. Thus, as the percent of a 
watershed drainage area in pasture, 
row crop or urban use increases, there 
is a general increase in nutrient con-
centrations in storm and base flows. 

In this fact sheet, we show the 
effect of land use on nitrogen (N) and 
phosphorus (P) concentrations in 
streams of the Ozark Highlands and 
Boston Mountains, northwest 
Arkansas, by combining previously 
published data for the Upper Illinois 
River Watershed (Haggard et al., 
2 1 ), Upper White River Watershed 
(Giovannetti et al., 2 13) and ongoing 

monitoring in the Buffalo River 
Watershed. The location of these 
watersheds is shown in Figure 1. The 
relationships between stream nutrient 
concentrations and land use for the 
region are used to determine if a per-
mitted concentrated animal feeding 
operation (CAFO) in Big Creek Water-
shed, a sub-watershed of the Buffalo 
River Watershed, has affected stream 
water quality. Land use in these 
watersheds is given in Table 1. 

Nitrate-N, total N, dissolved P and 
total P concentrations have been mea-
sured over varying periods during base 
flow at the outlet of sub-watersheds in 
the Big Creek (two sites, 2 14 to 2 17), 
Buffalo (2  sites, 1985 to 2 17), Upper 
Illinois (29 sites, 2  9) and Upper 
White River Watersheds (2  sites, 2  5 
to 2  6) (Figure 1). 

Data from Big Creek were paired 
with discharge available from a gaging 
station just downstream from the swine 
CAFO, where the USGS developed the 
rating curve; discharge information was 
only available from May 2 14 through 
December 2 17. The data were then 
used to look at changes in flow-adjusted 
nutrient concentrations[A] in Big Creek
(White et al., 2  4). 

[A]Concentration is defined as the mass of a substance (M), such as a nutrient, over the
volume of water (V) in which it is contained, or C = M/V. “Flow-adjusted nutrient  on entra-
tions” – when looking at how concentrations change over time in streams, we have to consider how 
concentrations might also change with stream flow (volume of water) and not just change in mass; 
nutrient concentrations often have some type of relation to flow, maybe increasing or even decreasing 
as stream flow increases. We have to flow-adjust concentrations so we can remove the variability in 
concentrations that flow might cause to see how things are changing over time. 
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Figure  . Location of the Big Creek, Buffalo River, Upper Illinois River and Upper White River watersheds in the Boston
Mountains and Ozark Highlands ecoregion. Information from U.S.  eological Survey (US S), Environmental Systems 
Research Institute (ESRI) and National Aeronautics and Space Administration (NASA). 

                 
      
Table  . Percent of forest, pasture and urban land use in the Big Creek, Buffalo River, Upper
Illinois and Upper White River watersheds.

Watershed Forest Pasture Urban
- - - - - - - - - - - - - - - - - - - - - % - - - - - - - - - - - - - - - - - - - - -

Big Creek* 
Upstream 89 5 8 0 2 6 
Downstream 79 5 17 0 3 5 

Buffalo River 52 - 99 0 - 25 0 - 1 
Upper White River 34 - 90 7 - 55 0 - 44 
Upper Illinois River 2 - 70 27 - 69 3 - 61 

*Up and downstream of CAFO operation and fields permitted to receive manure  
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 utting Stream Nutrient
 Concentrations Into Context at
Big Creek 

Geometric mean concentrations[B] of stream P and
N are related to the percent of watershed drainage 
area in pasture and urban land use for the Buffalo, 
Upper Illinois and Upper White River watersheds (R2 

of  .56 to  .81 where the number of observations is 71; 
Figure 2)[C]. The dashed lines on Figure 2 represent
the upper and lower thresholds concentrations, where 
there is a 95 percent confidence that a stream draining 
a watershed with a specific percent pasture and urban 
land use will have a P and N concentration within 
those thresholds. 

The relationship between land use and stream 
nutrient concentrations is not a model that can be 
used to predict concentration. Given the large vari-
ability observed in these relationships, they simply 
show trends between two variables, land use and 
stream nutrient concentrations. Continued monitor-
ing of stream concentrations in Big Creek will 
continue to more reliably define trends. 

As the percent pasture and urban land (i.e., land 
use intensity) increases, so does stream P and N con-
centrations (see Figure 2). The general increase in 
nutrient concentrations is consistent with the fact that 
fertilizer (as mineral and manure sources) is routinely 
applied to pastures to maintain forage production, as 
well as deposition of nutrients by grazing cattle. 

Figure 2. Relationship between land use and the geometric mean N and P concentrations (mg L- ) in the Buffalo, Upper
Illinois and Upper White River watersheds. Dashed lines represent the 95 percent confidence intervals for the estimated
mean (solid line). Green points are geometric mean concentrations measured upstream of the CAFO on Big Creek and
red points are geometric mean concentrations measured downstream of the CAFO on Big Creek.

[B]“Geometri  means” – There are many ways to calculate the central or typical value of a data set, like the average or median. With 
water quality data, the geometric mean is often used because it minimizes the influence of really low or high values on the average. 

[C]“R2” is the  oeffi ient of determination – the proportion of variance in the dependent variable (i.e., vertical axis) that is
predictable from the independent variable (i.e., horizontal axis). The closer to 1 the value is, means less variability and the better the 
relationship between the two variables is. 



 

In the Big Creek watershed, the percent of land 
influenced by human activities (i.e., pasture plus 
urban) doubles from ~1  percent to ~2  percent in 
the drainage area upstream and downstream of the 
CAFO. In Big Creek itself, upstream of the swine 
production CAFO, the geometric mean concentrations 
of dissolved P, total P, nitrate-N and total N during 
base flow were  .  9,  . 3 ,  .1  and  .2  mg L-1, 
respectively, between September 2 13 and December 
2 17.  Directly  downstream  of  the  CAFO,  the  geom etric 
mean  concentrations  in  Big  Creek  during  base  flow 
over  the  same  period  were   . 11,   . 3 ,   .25  and 
 .37 mg  L-1,  respectively.   

Geometric mean nutrient concentrations in Big 
Creek above and below the swine production CAFO 
and its current potential sphere of influence from 
slurry applications are similar to or  lower than con-
centrations measured in rivers draining other sub-
watersheds in the Upper Illinois and Upper White 
River watersheds with similar proportions of 
 agricultural land use. (See Figure 2.)  

Have Nutrient Concentrations 
Changed in the Short Term at
Big Creek? 

Long-term (e.g., decadal scale) water quality data 
are needed to reliably assess how stream nutrient 
concentrations have changed in response to water-
shed management and climate variations (Hirsch et 
al., 2 15). The literature shows that stream nutrient 
concentrations can change relatively quickly in 
response to effluent management (e.g., Haggard, 
2 1 ; Scott et al., 2 11), but seeing a response (i.e., 
decrease or increase in concentrations) from land-
scape management can take decades or more (Green 
et al., 2 15; Sharpley et al., 2 13). A myriad of fac-
tors may influence observed nutrient concentrations 
in streams, including discharge, biological processes 
and climactic conditions (i.e., drought and floods), 
and dominant transport pathways. Thus, we need 
to use caution when interpreting trends in water 
quality over databases that only cover a limited time-
frame. Flow-adjusted concentrations showed no 
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Figure 3. Change in flow-adjusted concentration of (a) dissolved P, (b) total P, (c) nitrate-N and (d) total N over time since
May 20 4, when monitoring in Big Creek started. 



 

 

 

 

 

  

 
 

 

 

 

statistically significant increasing or decreasing 
trends in dissolved P, total P, nitrate-N and total N 
(R2 < . 16); where number of observations is 182) 
over the current monitoring period (Figure 3). 

Summary 

Nutrient concentrations at Big Creek upstream 
and downstream of the swine CAFO, and indeed most 
tributaries of the Buffalo River, are low relative to 
other watersheds in this ecoregion (Figure 2). This 
provides a starting point to build a framework to 
evaluate changes in nutrient concentrations of 
streams as a function of land use and management. 

The evaluation of flow-adjusted concentrations 
over time showed that nutrients in Big Creek were 
not increasing over the short duration of monitoring 
for which concentration and discharge data were 

available (May 2 14 through April 2 17). At this 
point in time, it is evident that nutrient concentra-
tions in Big Creek have not increased at the moni-
tored site. However, flow and nutrient concentration 
data over a longer period are needed to reliably quan-
tify water quality trends and characterize sources, 
and monitoring needs to continue for at least a 
decade to evaluate how discharge, season and time 
influence nutrient fluxes. 

Stream nutrient concentration-land use 
relationships are not a predictive tool. However, use 
of these relationships provides a method to determine 
if nutrient concentrations in a given watershed are 
similar to observed nutrient concentration-land use 
gradients in other watersheds of the Ozark Highlands 
and Boston Mountains. Over time, tracking these 
relationships provides a mechanism to note and 
evaluate changes in nutrient concentrations. 

References 
Giovannetti, J., L.B. Massey, B.E. Haggard and R.A. Morgan. 2 13. Land use effects on stream nutrients at Beaver Lake Watershed. 

Journal of American Water Works Association, 1 5:E1-E1 . 
Available at http://www.awwa.org/publications/journal-awwa/abstract/articleid/344 6246.aspx 

Green, C.T., B.A. Bekins, S.J. Kalkhoff, R.M. Hirsch, L. Liao and K.K. Barnes. 2 14. Decadal surface water quality trends under variable 
climate, land use and hydrogeochemical setting in Iowa, USA. Water  esources  esearch, 5 (3):2425–2443. 
Available at http://onlinelibrary.wiley.com/doi/1 .1  2/2 13WR 14829/epdf 

Haggard, B.E. 2 1 . Phosphorus concentrations, loads and sources within the Illinois River drainage area, northwest Arkansas, 
1997-2  8. Journal of Environmental Quality, 39:2113–212 . 

Haggard, B.E., A.N. Sharpley, L. Massey and K. Teague. 2 1 . Final report to the Illinois River Watershed Partnership: Recommended 
watershed based strategy for the Upper Illinois River Watershed, Northwest Arkansas, Arkansas. Water Resources Center, 
University of Arkansas. Technical Publication Number MSC 355. 126 pages. 
Available at http://arkansas-water-center.uark.edu/publications/msc/MSC355.pdf 

Hirsch, R.M., S.A. Archfield and L.A. De Cicco. 2 15. A bootstrap method for estimating uncertainty of water quality trends. 
Environmental Modeling Software, 73:148-166. 

Scott, J.T., B.E. Haggard, A.N. Sharpley and J.J. Romeis. 2 11. Change point analysis of phosphorus trends in the Illinois River 
(Oklahoma) demonstrates the effects of watershed management. Journal of Environmental Quality, 4 :1249-1256. 

Sharpley, A.N., H.P. Jarvie, A. Buda, L. May, B. Spears and P. Kleinman. 2 13. Phosphorus legacy: Overcoming the effects of past 
management practices to mitigate future water quality impairment. Journal of Environmental Quality, 42:13 8-1326. 
Available at https://www.soils.org/publications/jeq/pdfs/42/5/13 8?search-result=1 

White, K.L., B.E. Haggard and I. Chaubey. 2  4. Water quality at the Buffalo National River, Arkansas, 1991−2  1. Transactions of the 
American  Society of Agricultural Engineers, 47(2):4 7-417. 

https://www.soils.org/publications/jeq/pdfs/42/5/1308?search-result=1
http://arkansas-water-center.uark.edu/publications/msc/MSC355.pdf
http://onlinelibrary.wiley.com/doi/10.1002/2013WR014829/epdf
http://www.awwa.org/publications/journal-awwa/abstract/articleid/34406246.aspx


         
       

        
      
        
         

          
          

        
        
         

          
        
            

       
       

 
 

 

JAMES BURKE and LARRY BERRY are program associates with the 
Crop, Soil and Environmental Sciences Department, University of 
Arkansas System Division of Agriculture in Fayetteville. KRIS BRYE, 
ANDREW S ARPLEY, EDWARD GBUR, and MIKE DANIELS are 
professors with the Crop, Soil and Environmental Sciences Department, 
University of Arkansas System Division of Agriculture. Brye, Gbur and 
Sharpley are located in Fayetteville, and Daniels is located in Little 
Rock. STEP EN KING is a principal scientist with the Science and 
Technology Facilities Council at the Rutherford Appleton Laboratory in 
Oxfordshire, United Kingdom. P IL  AYS is a professor with the 
Department of Geosciences at the University of Arkansas in Fayetteville. 
KARL VANDEVENDER is a professor with the Bio and Ag Engineer-
ing Department, University of Arkansas System Division of Agriculture 
in Little Rock. BRIAN  AGGARD is a professor and director of the 
Arkansas Water Resources Lab, Department of Biological and 
Agricultural Engineering, University of Arkansas in Fayetteville. 

Pursuant to 7 CFR § 15.3, the University of Arkansas System Division of 
Agriculture offers all its Extension and Research programs and services (including 
employment) without regard to race, color, sex, national origin, religion, age, 
disability, marital or veteran status, genetic information, sexual preference, 
pregnancy or any other legally protected status, and is an equal opportunity 
institution. FSA9537-PD-3-2 18N 




Accessibility Report



		Filename: 

		FSA9537 web O.pdf






		Report created by: 

		Laura Goforth


		Organization: 

		





 [Personal and organization information from the Preferences > Identity dialog.]


Summary


The checker found problems which may prevent the document from being fully accessible.



		Needs manual check: 0


		Passed manually: 2


		Failed manually: 0


		Skipped: 4


		Passed: 25


		Failed: 1





Detailed Report



		Document




		Rule Name		Status		Description


		Accessibility permission flag		Passed		Accessibility permission flag must be set


		Image-only PDF		Passed		Document is not image-only PDF


		Tagged PDF		Passed		Document is tagged PDF


		Logical Reading Order		Passed manually		Document structure provides a logical reading order


		Primary language		Passed		Text language is specified


		Title		Passed		Document title is showing in title bar


		Bookmarks		Passed		Bookmarks are present in large documents


		Color contrast		Passed manually		Document has appropriate color contrast


		Page Content




		Rule Name		Status		Description


		Tagged content		Skipped		All page content is tagged


		Tagged annotations		Skipped		All annotations are tagged


		Tab order		Passed		Tab order is consistent with structure order


		Character encoding		Skipped		Reliable character encoding is provided


		Tagged multimedia		Passed		All multimedia objects are tagged


		Screen flicker		Passed		Page will not cause screen flicker


		Scripts		Passed		No inaccessible scripts


		Timed responses		Passed		Page does not require timed responses


		Navigation links		Passed		Navigation links are not repetitive


		Forms




		Rule Name		Status		Description


		Tagged form fields		Passed		All form fields are tagged


		Field descriptions		Passed		All form fields have description


		Alternate Text




		Rule Name		Status		Description


		Figures alternate text		Passed		Figures require alternate text


		Nested alternate text		Passed		Alternate text that will never be read


		Associated with content		Passed		Alternate text must be associated with some content


		Hides annotation		Passed		Alternate text should not hide annotation


		Other elements alternate text		Passed		Other elements that require alternate text


		Tables




		Rule Name		Status		Description


		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot


		TH and TD		Passed		TH and TD must be children of TR


		Headers		Passed		Tables should have headers


		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column


		Summary		Skipped		Tables must have a summary


		Lists




		Rule Name		Status		Description


		List items		Passed		LI must be a child of L


		Lbl and LBody		Passed		Lbl and LBody must be children of LI


		Headings




		Rule Name		Status		Description


		Appropriate nesting		Failed		Appropriate nesting







Back to Top


