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INTRODUCTION
Objectives

The uppeWhite River basin (UWRB) is comprised of ten counties in northwest Arkansas and
nine in southwest Missouri. Home to over a million people, this region has grown and developed rapidly
in recent decades. But growth and development, along with changinguétgral practices, have
prompted concerns about the negative impact of these trends on water quality in the region.

The objective of this lonrterm monitoringand data analysigrogramby the UWRB is to provide
and analyzejuality-controlled and techniddy defensible data to determine the status and trends in
ecological condition and certain targeted water quality parameters in the UWRB in order to:

¢ Communicate this information to the public in an annual report of the state of the
water quality in the bain region;

¢ Understand the natural seasonal and/or annual variation in these parameters;

o Potentially identify locations or pollutants of concern to focus future targeted
monitoring programs or watershed education and management;

¢ Potentially identify areasf high ecological quality that can focus future watershed
protection efforts and serve as a reference for comparison to other sites.

Monitoring Parameters

Water quality monitoringprovides data on targeted parameters of concern, including nutrients,
bacteria and turbidity, as well as core field water quality parameters such as dissolved oxygen, pH and
specific conductance. These data are intended to address questions about the current state and long
term trends of water quality in the watershed with resp¢o impacts such as urbanization, agriculture
and septic tanksThewater quality dda that wereincluded inthis analysis were collected tiye United
StatesGeological SurveySGS) and were downloaded from the National Water Information System

(http://waterdata.usgs.gov/nwik, whichis a public database managed by the USTI% USGS collects



water quality data on a dozen stream sites within the watersheds of the James River, Beaver Lake and
Bull Shoals Lak&able 1)

Benthicinvertebrate data wereollected from 10 siteéTable } and wee used as a measure of
ecological condition.The composition and abundance of the benthic invertebrate community is
commonly used as an indicator of the overall ecological condition in streams because they reflect water
guality over time as webls thehabitat andewlogicalbalanceof a stream system. Benthic
invertebrates were collected and identified tyr. Michelle EvandVhite at the University of Arkansas.
METHODS
Site descriptions

The following sites were used for this analysis ofevguality data.

Wilson Creek near Brookline,i$douri

USGSite 07052152isin the James River suiasin. It receives most of its base flow from the
Spingfield Southwest Wastewater Treatment Plarfthere is some agricultural land outside of the
Sprirgfield metropolitan aregbut it is being converted to urban/suburban land use. Latitude
37°08'49.7", Longitude93°22'31.7" Borchelt 2007)

James River near Boazissburi

This site 7052250 receives effluent from the Springfieltllixa, and Rogerdd Wastewater
TreatmentPlants. It is sirrounded by cattle pastures. There are also many construction prdjetiss
area Latitude 37°0@3.7", Longitude93°21'52.8"(Borchelf 2007).

Finley Creek below Riverdalejdgouri

The Finley Creedite (US5Ssite 070523495 is in the James River sbhsin. It is dominated by
agricultural land usanostly cattle pasturesbut also has some urban area and forest laftids also
affected byfive wastewater treatment facilities located near Nixa, Ozark, $p&ordland and Seymour.
However, he nearest municipal faciits located 7 km upstreami_atitude 36°58'29.6", Longitude
93°19'40.4"(Borchelt 2007).

James River at Galena, Missouri

USGSite 07052500has a watershed of approximately3 forest area vith the remaining areas
made up of grassland/pastures and urban aredbeGalena Vdstewater Treatment Plant jast
upstream of the sample sitd_atitude 36°48'19.4", Longitud®3°27'41.7"(Borchelt 2007).



Flat Creek below Jenkindjssouri

This sitg USGSite 07052820)s mostly agricultural with some forests and very little urban land
use. Itis about four miles downstream of Jenkins, Missouri. It has a median flow of 95 CFS, but the gage
has only been in operation since May 4, 2007 (USGS, 206@)ins has a population of 382 as of the
2000 census and therefore does not appear large enough to have a wastewater treatment plant
(Wikipedia, 2008). Latitude 36°45'02", Longituéid°37'06

Bull Creek near Walnut Shadeigsburi

This site ySGSite 07053810 is dominated by forest with very little urban development. Itis a
potential site for development due to its location near Highway Béatitude 36°43'03.9", Longitude
93°12'24.5"(Borchelt 2007).

Swan Creek near Swanjdgouri

This site SGSite 07053900 is mostly agricultural with some forests and very little urban land
use. Additional information could not be found on the USGS Water Resources web page. Latitude
36°47'12", Longitude93°03'41"

Beaver Creek at Bradleyville jddouri

USGBsite 07054080has a large number of beef cattle operations in the watershed. There is
also some gravel mining in the watershed. Latitude 36°46'46.7", LongRaéed'26.2ABorchelt,
2007).

West Fork White River east of Fayettevilldkahsas

This sie (USGSite 07048550)s mostly forested but has some grassland/pasture and some
urban land use. Latitude 36°03'14", Longituflé°04'59"

White River near Fayettevilleridansas

Forests and agriculture dominate this watersh&l5GSite 07048600) however there is an
increasing amount of urban residential area spreading from Fayetteville, Arkansas. Latitude 36°04'23",
Longitude-94°04'52"

Richland Creek at Goshenkansas

USGSite 07058800hasthick stands of river cane on both sides of theeam and nearly
stagnant water during basiow conditions. Land use mainly forest with areas of grassland/pasture
and some urban @&as closer to Fayetteville, Arkansas. Latitude 36°06'15", Longddeo'27"
(Borchelt 2007).

Richland Creek at CR, Z@kansas

This is not a US@Bonitored site. This site is in Washingt@ounty, AR. Latitudd 36 02.701!
Longitudew 93 58.064'



War Eagle Creek near Hindsvillegkakisas

This watershed (USGge 07049000)s predominately forest with pastures ihé bottom
lands. Poultry production is also present. War Eagle Creek watershed also receives effluent from
Huntsville municipality Wastewater Treatment Pldmdtitude 36°12'00", Longitud®3°51'18"
(Borchelt 2007).

War Eagle Creek near Huntsvillek@nsas

This site (USGS si@048960) is located in Madison County, AR, at Highway 23 southeast of
Huntsville. Latitude N 36’ 06.828; W 9341.667:

Kings River near Berryville, Arkansas

This site SGSite 0705050(Q is dominated by forest with someapture and some urban land
use. Théerryville astewater Treatment facility discharges into the Kings Rividris watershed also
contains a larg@oultry industry Latitude 36°25'38", Longitud@3°37'15"(Borchelt 2007).

Kings River near Kingstorrkansas

This site (USGS site 07050225) is located in Madison county, AR, on Highway 21 near Kingston.
Latitude N 36 03.752! Longitudew 93 32.155!

Yocum Creek near Oak Grove, Arkansas

This site SGSite 07053250 has mostly pasture with some foraatthe watershed. There
are two small communities and several poultry and cattle operatidmsitude 36°27'15.56",
Longitude-93°21'21.61(Borchelt 2007).

Long Creek at Denver, Arkansas

This site (USGste 07053207)s in Carroll County, ArkansaBte drainage area is 104 square
miles and the largest town nearby is Green Forest, lAR.mostly a rural area with flabpped
mountains covered with upland odkckory forests and limestone bluff§atitude 36°23'23",

Longitude 93°19'01"

Pord Cred nearLongrun, Missouri

This site (USGste 07054285)s in Ozark County, MQt is mostly rural in the Ozark Mountains
with Gainesville being the largest communitihe hills are covered with odkickory forests.Latitude
36°39'24", Longituded2°40'55",

Crane Creek at Hwy.AA, Missouri

This site (USGS sit#5119093271601) is in Stone County, MQ. Latitude N 36 51.352;
Longitudew 93 27.371!



Turkey Creek near Theodosia, Missouri

This is not a US@fonitored site. It is in Ozai®ounty, MD, east and north of Theodosia, MO,
at a low water crossing on County Road 865/86atitudeN 36 40.186; Longitudew 92 37.939:

Bear Creek near Omaha, Arkansas

This site (USGS sii#054410) is in Boone County, AR, on Highway 14 east of Omaha. Latitude
N 36 26.394; Longitudew 934.689.

Water Quality Index
Data

Ninesites were included in the calculation of the Water Quality Indable 1)wherewater
guality dataare available from the prior thee years (sincAugust, 200Y. $me sormflow data (defined

below) were not included in the Water Quality Indsadculation



Table 1.Upper White River Basimonitoring sites from 20092010

USGS Water Water Quality | Biological
Site # Sub-basin Site name Quality Index| Trend Aalysis Index
Wilson Creek near
07052152 James Brookline, MO X X
07052250 James James River near Boaz, MO X X
Finley Creek below
07052345 James Riverdale, MO X X
07052500 James James River at Galena, MO X X
Flat Creek below Jenkins,
07052820 James MO X
N/A* James Crane Creek at Hwy.AA, MO X
Bull Creek near Walnut
07053810* | Bull Shoals | Shade, MO X
07053900 Bull Shoals | Swan Creek near Swan, MO X
Beaver Creek at
07054080* | Bull Shoals | Bradleyville, MO X
Pond Creek near Longrun,
07054285* | Bull Shoals | MO X
Turkey Creek near
N/A* Bull Shoals | Theodosia, MO
07054410* | Bull Shoals | Bear Creek near Omaha, AR
White River near
07048600 Beaver Fayetteville, AR X X
Richland Creek at Goshen,
07048800** Beaver AR
Richland Creek at CR 79,
N/A* Beaver AR X
War Eagle Creek near
07049000 Beaver Hindsville, AR X X
War Eagle Creek near
07048960* Beaver Huntsville, AR X
West Fork White River east
07048550 Beaver of Fayetteville, AR X X
Yocum Creek near Oak
07053250** Beaver Grove, AR
Kings River near Berryville,
07050500 Beaver AR X
Kings River near Kingston,
07050225* Beaver AR X
07053207* Beaver Long Creek at Denver, AR X

* Not currently monitored by the USGSI/A = No USGS datas ever been collected at this site

** Summary data presented only




Method

The Water Quality Index score reflett® percentageof sampledaken during the threeyear
index period that dichot violate the thresholds (are not highthan the maximum threshold or lower
thanthe minimum threshold; Table 2Higher scores indicat@ higher number of samples that were
within the water quality thresholdsThe scores werealculated for each paramet at each site at low
and at mediundischarge (streanidw; see below). Thitow-adjustedparameter scordor each site is
the mean of the scores from th®o discharge categories. ThegerallWater Quality Index score for a
site is the average of the individual parameter scores.

The Indexvas calculated using data from the preceding three years. This minimizes the
importance of any particularly high or low flow year or sporadic rainfall events in any one area of the
basin in any one yeaff-or sites in which data for one parameter are awgailable, the Index was
calculated without the parameternd this is noted in the result#t least 30% of the data must be
available for a parameter to be included in the calculati®his method does not take into account the
magnitude of the violaon of the threshold. Sites with the same number of violations would receive the
same score whether the water quality results were slightly above the threshold or much higher.
addition, all parameteswere given equal weight in the IndeXurbidity data were not included in the
calculations for the Index in Year 3 because several sites were lacking turbidity data after 2008.

In order to determine the discharge categories, the log discharge measurements (instantaneous
discharge or the mean daily diselye) weredivided into three categories relative to the range of
discharge. These correspond to the log intervals. For example, if the instantaneous discharge data
range from 60 to 6000 cfs, the three categories were assigned as less than 100 cfs]1 Q00 ¢fs, and
greater than 1000 cfs. The water quality data collected from the highest discharge categery
identified as stormflow data andere not included in the calculation of the IndeXvhen the flow at a
site is stable (discharge does not vagythree orders of magnitude), the data were divided
approximately equally into two discharge categories of high and low. In additieen multiple

sampleswvere taken by the USGfver a short time period (24 to 48 hourgne sample was randomly



selectal to be ncluded in the calculation of the discharge categarie®wever, rost of these were

identified as stormflow data, as describadoveand subsequentlyere not included in the analysis

Table 2.Minimum thresholds and maximum limits used iretbalculation of the water quality index.

Parameter | Timeframe | Minimum Maximum Notes
of interest | threshold limit
Dissolved Whole 5 mg/L 110% Minimum threshold based on Missouri
oxygen year standards for aquatic life use. Maximum
threshold set for percent saturation to
account for the effect of temperature (100%
saturation is the amount of oxygen water can
hold at a particular temperature)
E. coli Whole year n/a 126 per Maximum threshold based on Missouri
100 ml standards for whole body contact recreation
and losing streams
TN Whole year n/a 0.46 mg/L Upper limit of EPA recommended criteria for
the central and eastern forested uplands
TP Whole year n/a 0.01 mg/L or | The EPA recommended criteria for the
detection central and eastern forested uplands is 0.007
limit mg/L. Threshold set at detection limit
(normally 0.01 mg/L)

Trend analysis

Data

Trend analyses were conducted on total phosphorus, total nitrogen, dissolved oX¥ygeoij

and turbidity at eight sites in the basfiable 1) In order to béncluded in the trend analysis, water

guality and mean daily discharge data from the site were current and available from the prior five years.
Discharge data were necessary to develop an accurate model of the trend in a parameter over time
because all bthe water quality parameters were strongly dependent on discharge. This includes
contemporaneous discharge (current streamflow at the time the sample was taken) as well as rolling
averages of antecedent discharges. Prior frequency and intensity of swegnts can affect current

water quality characteristics.

Method
The trend analysis methagsed was similar tthat of Anderson and Smith (2006). Briefly,
aAyAdl o

censored regressioh Y’ M pvas used th g5tmate & tendlinyvatep quality



concentration adjusting for season and contemporaneous and antecedent stream flow. The stream flow
variables included-day to 5year moving averages of mean daily discharge at the site. The entire 5
year antecedat discharge dataset was only availafile a few sites, and was not included in the

analysis if not available in fullThe regression analysis was evaluated at 95% confidence.

Ecological condition
Data
Ten sitesvere selected for benthimvertebrate monitoring (Table 1). The monitoring
protocols followed those of the National Park Service (Bowles et al., 260i73ome
modifications Briefly,two benthic invertebrate samples were collected from each of three
riffles at each sitérom December 2009 to February 201The two samples from eh riffle
were combined to result in three samples from each site. Invertebrate samples were processed
in the laboratory and were identified to the lowest possible taxémmost casednvertebrates
were identified to genus level but some were identfienly to family or order.
Method
Four benthic invertebrate community metrics were used to assess general ecological
condition at each site followinthe Stream Condition Index &abeni et al.(1997).
Taxa RichnessThis metric is the total number tixa in a sample. High taxa richness
reflects higher ecological condition.
EPT RichnessThis metric is the total number of Ephemeroptera (mayfly), Plecoptera
(stonefly), and Trichoptera (caddisfly) taxa in a sample. These taxa are considered
particulaly sensitive to poowater and habitat qualityso high EPT richness reflects

higher ecological condition.
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invertebrate community. Higher diversity values indicate that seiMexa are well
represented in the commuty. Low diversity indicates that only one or two taxa

dominate and this is an indication of poecological condition.

Biotic Index Each taxon was assigned a pollution tolerance value that reflects its known

or assumed tolerance to poor water quality, particularly organic pollution. Tolerance

values range from 1 to 10, where 1 indicates an extremely sensitive taxon and 10

indicates high toleranceThese were taken from published sources (Bowles et al.,

2007) TheBiotic Indexvalue is the mean of the tolerance values of all of the

invertebrates in a sample.

The four metrics were calculated for each of the three samples at each site and the
average of these is psented in Bble 6 The metric values werassjned a score using the
guidelines below (Bowles et al., 2Q07@ble 3. The overall Stream Condition Index score is the
total of the metric scores for each site. Stream Condition Index scores range for 16 to 20 for
sites that are not impaired, 10 to 1drfimpaired, and 4 to 8 for very impaired.

These scoring criteria were developed by Rabeni et al. (1997) based on the scores
obtained from reference stream sites (streams with little or no watershed impacts). In their
study, the lower 25 percentiles & SCI scores for these reference streams were higher than 16
and the median score for sites known to be impaired was 10. The ranges for the SCI scores

were selected accordingly.



Table 3. Metric scoring criteria for the Stream Condition Index.

Scores
Metric 5 3 1
Taxa Richness >=14 1312 <12
EPT Richness >=6 5 <5
{ KIyy2yQa 5A| >=43 4.2-1.9 <1.9
Biotic Index <=3.40 | 3.41-3.55 | >3.55




FINDINGS
Water Quality Index

Index scores ranged from a high&fon Swan Creek near Swan, Missdsite 7053900)
toalowof22.7F G 2 Af a2y Qa /NS (site T05215% 2. tMbst of the scores
GSNBE Ay (GUKS nnQao

Someof the site scoreslropped slightly from the 200®/ater Quality Index scoreshis is
primarily due to the éminationof turbidity scoring from theridex. Alsg variation in the scores from
year to year is expected arnsllikely associated with normal variation in water quality measureraent
the error associated with calculating the scores.

Table 4 Flowadjusted parameter scores and the overall Water Quatitiek (WQI)scoresfor sites in
the Upper White River Basin.

Site Site Number| Dissolved | E. coli TN TP WQI Score
Oxygen

West Fork White Rive| 07048550 95.5 30.0 27.1 27.9 45.1

¢ Fayetteville, AR

White Riverg 07048600 91.7 75.0 31.7 0 49.6

Fayetteville, AR

War Eagle Creek 07049000 83.8 72.2 0 0 39.0

Hindsville, AR

Wilson Creek 07052152 3.3 87.3 0 0 22.7

Brookline, MO

James Riveg Boaz, 07052250 87.5 91.7 0 6.3 46.3

MO

Finley Creek 07052345 67.2 89.6 0 27.9 46.2

Riverdale, MO

James River Galena, 07052500 55.1 100 0 25.3 451

MO

Flat Creek Jenkins, 07052820 44.0 83.0 0 50.0 44.3

MO

Swan Creek Swan, 07053900 88.1 68.0 80.0 100 84.0

MO




Trend analysis

A majorityof the analyssshowed no statistical changd a parameter at a site over
time, while five parameters showed a significainicreasein trend andthree showeda
significantdecreasgTable 5. Data collected at the White River near Fayetteville in 1980 were
notusedy GKAA&a &SI NRA NBLR2NI 06SOlIdzasS GKSNB gSNB
undue influence on the total nitrogen trend, in particul@ther identified trends changed
slightly from the Year 2 report. This could be a restiitnusually high or lo valuesfor a
parameter in any one yea The trends that areonsstent with those reported last yeanclude
a drop in total phosphorus in the James and Finley rivers, an increase in total nitrogen in the
James at Galena, an increase in E. coli indheed at Boaz, and an increase in dissolved oxygen
in the White River near Fayetteville. The White River near Fayetteville site is located
downstream of a small impoundment, and this woulfluence the dissolved oxygen

concentrations in the river



Table5. Results of the trend analysis for water quality parameters at sites in the Upper White

River Basin Thevaluerepresents theapproximatechange in thenean value of thgparameer
overthe time periodand the pvalue represents the confidence in thesult €0.001 isgreater
than 99.9% confidence)Signifcance was evaluated at p = 0.01.

Change in mean

Siteand USGS site number Parameter Time period (p)
07052500 James River at Galena Total phosphorus 19992010 @0.21(<0.00)
07052500 James Rivat Galena Total nitrogen 19992010 n0.14(<0.00)
07052500 James River at Galena Dissolved oxygen 19992010 No change
07052500 James River at Galena E. coli 19992010 No change
07050500 Kings River near Berryville Total nitrogen 19772010 No change
07050500 Kings River near Berryville Dissolved oxygen 19722010 No change
07050500 Kings River near Berryville E. coli 19942010 No change
07048550 West Fork White River east of
Fayetteville Total phosphorus 20012010 No change
07048550 West Fork WiitRiver east of
Fayetteville Total nitrogen 20012010 No change
07048550 West Fork White River east of
Fayetteville Dissolved oxygen 20012010 No change
07048550 West Fork White River east of
Fayetteville E. coli 20012010 No change
07048600 Whe River near Fayetteville | Total phosphorus 19992010 No change
07048600 White River near Fayetteville Total nitrogen 19992010 No change
07048600 White River near Fayetteville | Dissolved oxygen 19992010 M O (0.002)
07048600 White River near Fayetilés/ E. coli 19992010 No change
07048600 White River near Fayetteville Turbidity 20042010 No change
07049000 War Eagle Creek near Hindsv| Total phosphorus 19932010 No change
07049000 War Eagle Creek near Hindsv| Total nitrogen 2001-2010 No chame
07049000 War Eagle Creek near Hindsv| Dissolved oxygen 19932010 N ®p 0 n
07049000 War Eagle Creek near Hindsy| Turbidity 20042010 No change
07052152 Wilson Creek near Brookline | Total phosphorus 2001-2010 A dm 0 n
07052152 Wilson Creek near Brookline Total nitrogen 20012010 No change
07052152 Wilson Ce& near Brookline Dissolved oxygen 2001-2010 No change
07052152 Wilson Creek near Brookline E. coli 20012010 No change
07052250 James River near Boaz Total phosphorus 1972-2010 @n PE®;O01L)
07052250 James River near Boaz Total nitrogen 19732010 No dhange
07052250 James River near Boaz Dissolved oxygen 1972-2010 No change
07052250 James River near Boaz E. coli 19942010 O f hydn
07052345 Finley Creek below Riverdale| Total phosphorus 2001-2010 @n & &MO0L)
07052345 Finley Creek below Riverdale| Total nitrogen 2001-2010 No change
07052345 Finley Creek below Riverdale| Dissolved oxygen 2001-2010 No change
07052345 Finley Creek below Riverdale E. coli 2001-2010 No change

* The mean changeas not calculated due to the high variabilityincolmeasurement.



Ecological condition

Theecological condition scores forast sites were withintherangg ¥ WA YTHe A NERQ®

highest Stream Condition Index score occurretVair EagleCreek neaHuntsville, AR, andhe

lowest score occurred &ear Creek @ar OmahaAR. The rawinvertebrate samplelata are

listed in the AppendixPhysical and chemicdatathat were collected concurrent to the

benthic invertebrates are presented in Table 7.

Table 6 Metric scores and th8tream Condition Indescorecalculated from the benthic
invertebrate samples. The metric sesrare presented with standard errors.

USGSite Taxa EPT { KIyy| Biotic
Site Number | Richness| Richness| Diversity Index | SCI Score
Bull Creek near Walnut 12
Shade, MO 07053810 | 27.3£2.9 | 15.3+.7 1.8+£03 |5.6+£01| impaired
Beaver Creek at 12
Bradleyville, MO 07054080 16+ 21 12+15| 1.1£03 |54+£0.2| impaired
Pond Creek near 12
Longrun, MO 07054285 23+£3.2 | 16.7£.9 1.7£01 |4.0£04 | impaired
Crane Creek at 12
Hwy.AA, MO N/A 23.7+2.8 | 16x2.2 1.8+01 |4.6+£01| impaired
Turkey Creek near 12
Theodosia, MO N/A 207+£15] 12+0 1.7+0.1 | 5.2+0.6] impaired
8
Long Creek at Denver, 87422 | 53#24 | 1.1+05 |35+1.7| Very
AR 07053207 impaired
War Eagle Creek near 14
Huntsville, AR 07048960 | 20+1.2 | 13+0.7 | 21+02 |5.2+02 | impaired
Kings River near 12
Kingston, AR 07050225 | 23.3+2.7 | 16+ 15 1.5+02 |4.8403| impaired
4
Bear Creek near 97i ].2 4i l 05i 01 SQi 01 Vel’y
Omaha, AR 07054410 impaired
Richland Creek at CR 12
79, AR N/A 17+0.6 13+1.2 1.2+ 02 |5.1+£04 | impaired




Table 7 Physical and chemiadhtafrom the benthic invertebrate sample sites. The data are
the mean parameter value calculated across three riffles at each site.

Specific Dissolved Water

Site Sample conductance oxygen temperature

date (uS/cm) pH (mg/L) (°C)
Bull Creek near Walnut
Shade, MO 2/19/2010 408.3 7.7 14.1 55
Beaver Creek at
Bradleyville, MO 1/18/2010 448.0 7.7 14.1 7.6
Pond Creek near
Longrun, MO 1/18/2010 502.0 7.8 121 7.6
Crane Creek at
Hwy.AA, MO 2/19/2010 363.0 7.8 135 9.3
Turkey Creek near
Theodosia, MO 2/20/2010 468.7 7.8 13.0 12.7
Long Creek at Denver,
AR 2/12/2010 152.2 8.1 13.1 5.7
War Eagle Creek near
Huntsville, AR 1/22/2010 127.3 7.8 11.7 8.2
Kings River near
Kingston, AR 3/5/2010 91.9 8.7 125 6.3
Bear Creek near
Omabha, AR 12/5/2010 396.0 7.7 13.0 5.9
Richland Creek at CR
79, AR 1/6/2010 121.3 8.0 13.0 6.3




TrendGraphs
Wilson Creek near Brooklindjssouri(0705212)
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Fig. 1. Dissolved oxygenxband whisker plots for Wilso@reek near Brookline, Missouri. All
data, including baseflow and stormflow data, are shown. The box represents fren2575"
percentile measurements, the line represents the median, tedtop and bottom whiskers are

the 90" and 10" percentile measurements, respectively.
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Fig. 2. Box and whisker plots torcolifor WilsonCreek near Brookline, Missoulata,boxes,
and whiskers as in Fig. 1.



30

25 4

N
o
1

—

o
)

|
|
 E——

=i
I

Total Nitrogen (mgL'1)
o

1970 1980 1990 2000 2010

Year

Fig. 3. Total nitrogendx and whisker plot for Wilso@reek near Brookline, MissouiData,
boxes,and whiskers as in Fig. 1.
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Fig. 4. Total phosphorus box and whisker plot fosWiCreek near Brookline, MissouiData,
boxes,and whiskers as in Fig. 1.



James River near Boaz, Missoubi7052250)
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Fig. 5. Dissolved oxygen box and whisker plot for the James River at Boaz, Mi3atayrnoxes, and
whiskers as in Fig. The filled circles represent thd'mnd 95" percentiles.
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Fig. 6.E. colbox and whisker plot for the James River at Boaz, Missdbata and boxes as in Fig. 1.
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Fig. 7. Total nitrogen box and whisker plot for the James River at Boaz, Mi&satari boxes, and
whiskers as in Fig. 1.



Fig. 8. Total phosphorus box and whigidet for the James River at Boaz, Missoldata, boxes, and
whiskers as in Fig. 1.



