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INTRODUCTION
The Illinois River is designated as a scenic river (outstanding resource water) in Oklahoma and provides a major recreational resource for many state residents and a significant benefit for the local economy.  The river is a tributary to Lake Tenkiller, which has long been recognized as one of the outstanding recreational reservoirs in the state and is a popular site for scuba diving.  Declining water quality in the river and lake has been a concern for the State since the late 1970s when the EPA National Eutrophication Survey rated Lake Tenkiller as eutrophic, with a trophic state index ranging from 56.8 in the upper end of the lake to 46.8 in the lower end of the lake (EPA 1977).  In 1986, the State of Oklahoma sued to stop the City of Fayetteville’s discharge into the Illinois River.  The suit reached the U.S. Supreme Court in 1992, where the court ruled that the downstream state’s water quality laws must be met, but gave the upstream state the liberty to determine how best to accomplish this.
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Figure 1.  Lake Tenkiller.
Thus, nutrient loading in the Illinois River Watershed is a severe problem with the most recent documentation of source allocation indicating over eighty percent of the loading originates from nonpoint sources (0WRB 1996).  This loading has resulted in degradation of water quality of the river perceived by users as decreased water clarity and increased nuisance periphyton growth.  A Section 314 Clean Lakes study (0WRB 1996) reported Lake Tenkiller showed signs of water quality degradation.  Symptoms of this degradation included periodic algal blooms, excessive algal growth, and increasing hypolimnetic anoxia (both in terms of the length of the anoxic period and the volume of anoxic waters) during stratified periods.  The source of this degradation was determined to be eutrophication and sedimentation from point and nonpoint sources.

In addition, studies in the Arkansas or upper portion of the Illinois River Watershed have determined that sedimentation is the most significant problem in that portion of the watershed.  Erosion of the cherty upland soils and streambanks has resulted in large gravel loading transported through the stream channels.  Although these streambeds naturally consist of gravel, bedrock, and cobble, gravel loads are choking out other streambed types, filling in pools, destabilizing riffles, and causing further downstream bank erosion.
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Figure 2.  Large sediment loads composed primarily of gravel are filling in pools, widening the stream, and destabilizing habitat.
The primary nonpoint sources of nutrients and sediments include improper management of wastes from animal agriculture, poor pasture maintenance, and stream bank erosion.  These problems are compounded by very poor soils composed primarily of coarse chert.  As a result, streams are becoming wider, shallower, and loaded with nutrients and soil resulting in loss of fish habitat and increased algal growth.  The excess nutrients and sediment feed algal growth in downstream Lake Tenkiller, decreasing water clarity and dissolved oxygen, while increasing taste and odor problems and the potential for harmful algae blooms.
The objective of this project is two-fold:  1) to demonstrate the method of water quality monitoring necessary to document water quality success of nonpoint source reducing best management practices and 2) to demonstrate success in implementing best management practices to reduce nonpoint source pollution.  These watersheds were selected based upon position in the prioritization ranking (Sabbagh et al 1995), watershed size, land use, number of landowners, and willingness of landowners to participate in cost-share programs.  The control watershed was chosen for its similarity to the implementation watershed based on size, geologic structure, soils, slope, 
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Figure 3.  Cattle access to perennial and ephemeral streams, pasture management, streambank erosion, poultry production and litter spreading, pasture clearing, and inadequate septic systems (not pictured) are some of the sources of the water quality problems in Peacheater Creek.  Additional potential sources in the greater Illinois River Watershed include municipal and industrial wastewater and stormwater, urban development and construction, gravel mining, road maintenance, recreation, and commercial nurseries.

population, land use, and position in the Illinois River sub-watershed.  The matched sub-watershed was monitored in an identical fashion to the demonstration watershed.  The sites were also chosen for geographic proximity to decrease impacts of scattered weather patterns.  This paired design allows closer examination of water quality changes and gives an indication of future water quality in demonstration sub-watersheds in the absence of implementation programs.
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Figure 4.  Cattle are often over wintered in low areas along stream channels due to naturally-occurring shelter and water sources.  As a result, nutrients and bacteria from waste and nutrient rich sediment are more likely to enter the stream.
The paired watershed methodology requires that the following requirements be met when selecting treatment and control watersheds:

· Watersheds should be similar in size, slope, location, soils, and land cover;

· Watersheds should be small enough to obtain uniform land treatment over the entire watershed;

· Watershed outlets should have a stable channel and cross section to allow for discharge monitoring;

· Each watershed should be near steady-state with regard to land cover prior to implementation such that major changes should not be ongoing prior to onset of the project.

The paired watershed methodology has the following advantages:

· Climate and hydrologic differences over time are statistically controlled,

· Water quality changes can be attributed to a treatment,

· Control watershed eliminates need to measure all components causing change,

· Watersheds need not be identical,

· Study can be completed in a shorter time frame (5 – 10 years) than trend studies (20 + years)

· Cause-effect relationships can be indicated.

These advantages are critical to addressing many of the limitations of traditional programs where progress needs to be documentable during a project time period (five years maximum) or a legislative term (2 – 4 years).  

Disadvantages of the paired watershed methodology include:

· Response to treatment likely to be gradual over time which influence the variance,

· Study vulnerable to catastrophes such as hurricanes,

· Shortened calibration may result in serially correlated data,

· Variances between time periods may not be equal due to drastic treatment,

· Changes in the control watershed are permitted,

· Requires similar watersheds in close proximity.

In summary, the paired watershed method documents a similar water quality response to weather patterns in the two watersheds prior to the onset of implementation.  This relationship allows the prediction of water quality variables in one watershed, compared to observed variables in the other, independent of the effects of weather.  This relationship can then be compared for water quality variables following implementation in the treatment watershed.  Assuming that the only major change that occurred in either watershed was the implementation of best management practices (BMPs), any difference between predicted and observed water quality responses can then be attributed to affects of the implementation.

Two watersheds (Figure 5 and Figure 6) were chosen for sampling, one of which was chosen for an implementation program.  Peacheater Creek and upper Tyner Hollow were chosen with Peacheater Creek being selected for implementation activities.  The table below compares watershed characteristics during the pre-calibration (1985), calibration (1997), and treatment phases (2004).
	Project Phase
	Watershed
	Watershed Size 
	# Poultry Houses*
	# Dairies
	# Residences

	Pre-calibration
	Peacheater Cr.
	16,209
	51
	9
	176

	Pre-calibration
	Upper Tyner
	16,000
	65
	7
	150

	Calibration
	Peacheater Cr.
	16,209
	38
	6
	176**

	Calibration
	Upper Tyner 
	16,000
	17
	4
	150**

	Treatment
	Peacheater Cr.
	16,209
	65
	4
	176**

	Treatment
	Upper Tyner
	16,000
	61
	3
	150**


*Figure 5 documents the approximate location of poultry houses or complexes in 1997, as opposed to the number of poultry houses in the watershed.

**human population is estimated to have remained fairly constant in the area during the project period; however, and exact survey of the population was not completed in later phases of the project.
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Figure 5.  Peacheater and Tyner Watershed Sampling Sites.
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Figure 6.  2003 Color Digital Orthophotos of Tyner (left) and Peacheater (right) Creek Watersheds.

These two streams, typical of others in the Illinois River basin, are characterized by very low turbidity and a substrate composed of flint gravel.  In most cases throughout the basin, in-stream habitat is rated poor.  These streams, located in the Ozark Highlands Ecoregion, (Woods et. al. 2005) are characterized by a dissected limestone plateau, forested predominantly with an oak-hickory forest.  

The quality of the riparian corridor varies from good to absent in these streams.  Vegetation is generally confined to sycamore and willow trees with very limited under story growth.  Under story vegetation is primarily limited by cattle grazing.  Significant areas exist on each stream where riparian vegetation, other than streamside grasses, sedges, and rushes, is absent.  Additional areas exist where even streamside grasses, sedges, and rushes are absent and replaced by Bermuda or fescue grass or bare soil.  The primary aquatic macrophyte in each of these streams is watercress, although the extent of coverage is limited.

Neither stream is violating Oklahoma Water Quality Standards (WQS) for any parameters measured during the sampling periods.  In addition, one site on Peacheater Creek (PE2) was ranked as a high quality site for the Ozark Highlands Ecoregion (OCC 2006).  However waterbody segments downstream on the Illinois River and in Lake Tenkiller violate WQS for phosphorus, dissolved oxygen, turbidity, and bacteria (ODEQ 2002).  Therefore, the goal of implementation efforts in the Illinois River Watershed was to reduce delivery of nutrients, sediment, and bacteria to the Illinois River and Lake Tenkiller.

Initial data collected during the calibration phase indicated flow conditions were fairly similar between the two streams.

                Stream
Average Seasonal Base Flow 


      (dry years – wet years)
                Upper Tyner
          4 -13 cfs

                Peacheater
          2 -13 cfs

Activity in this project followed a phased approach.  The first phase was the calibration phase in which data was collected to verify the relationship between the watersheds and establish pre-implementation conditions.  The second phase, the treatment phase, involved data collection during and after implementation of BMPs to document effects.  
The calibration and implementation phases have been completed.  The calibration phase indicated that the three conditions for acceptable calibration outlined in USEPA (1993) were met using data from the combined flow regimes.  Significant relationships existed between Peacheater and Tyner Creek watersheds for all parameters of interest.  In accordance with the guidance, the calibration was determined to be adequate to detect changes following treatment, and the residual errors of the regressions were small enough to determine changes of 24% or less following implementation of BMPS.  The models did not calibrate as well when only using data from base flow or high flow conditions.  This is to be expected with smaller sample sizes, the wide range of values which may result from high flow events, and values close to detection limits collected at base flow conditions.  However, the models of important parameters (nutrients at base flows and nutrients and turbidity at high flows) were calibrated.  Overall, data collected during calibration was adequate to proceed with the implementation or treatment phase.

The implementation phase was reported on in a March 1995 Illinois River Watershed Implementation Program Report.  Implementation was completed late in 2001, and post-implementation monitoring began in early 2002, following QAPP approval.  Implementation consisted of installation of the following practices in the Peacheater Creek Watershed (Table 1, Figure 7, and Appendix A):

Table 1.  319 Practices Implemented in the Peacheater Creek Watershed.

	Practice
	Number and Units of Completed Practices

	Buffer- Fence- Use Exclusion
	1 landowner, 1800 ft.

	Buffer Incentive
	1 landowner, 7 acres

	Riparian Fence
	1 landowner, 4000 feet, 

	Riparian Incentive Haying And Limited Grazing
	1 landowner, 58 acres

	Freeze- Proof Tank
	4 landowners, 11 tanks

	Heavy Use Area Protection
	3 landowners, 175 cy concrete, 648 ton gravel

	Lagoon- fencing, concrete, PVC pipe
	3 landowners, 1 cleanout, 1 clay liner (500 cy), 1 concrete ramp and liner (20 cy), 2 excavations (3006 cy).

	Septic Tanks & Installation, lateral lines
	2 landowners, 2 tanks, lateral lines, & installation

	Nutrient- proper waste utilization- move litter out of watershed
	2 landowners- 22,921 lbs phosphorus moved out of watershed

	Pasture Management Incentive
	4 landowners, 375 acres

	Cross Fencing/Travel Lane Fencing
	4 landowners, 12,770 feet cross fencing, 3200 ft travel lane fencing

	Pond Excavations
	2 ponds, 1,496 yd3

	PVC pipe, trenching, and cover- (associated with ponds, and/or freeze-proof tanks)
	5 landowners, 7,200 feet

	Pond Fence
	400 feet

	Poultry Litter Storage/cakeout house
	1 landowner, 1 house

	Cattle Winter Feeding / Waste Management Facility
	2 landowners, 2 facilities
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Figure 7.  Practices Implemented through Project (top to bottom, left to right):  Poultry Litter Stackhouse, Dairy Feeding/Travel Lane, Freeze-Proof Alternative Water Source, Riparian Fencing, Winter Feeding Facility, and Heavy Use Area.
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This report will evaluate the post-implementation monitoring data, and utilize the information to compare to pre-implementation conditions and determine whether implementation resulted in changes in water quality.  

METHOD
Water quality analysis was conducted on a varying schedule dependent upon the season at the Peacheater (PE) and Tyner Creek (TB) sites labeled in Figure 5.  Monthly samples were collected for eight months of the year, followed by a more intensive collection of twenty samples over a four month period of March through June. Streams were equipped with flow measurement devices and automated samplers at sites PE1 and TDS to facilitate collection of samples from runoff events.  The goal was to capture a minimum of four runoff events per year utilizing these samplers.  The Tyner Creek Automated Sampler was installed at a point on the stream where watershed size upstream was comparable to the size of the entire Peacheater Watershed.  Samples were analyzed for total phosphorus, total Kjeldahl nitrogen, nitrate-nitrogen, nitrite-nitrogen, total suspended solids, hardness, chloride, and sulfate.  Field parameters collected on each date included dissolved oxygen, pH, conductivity alkalinity, and temperature.

In addition to chemical sampling, the periphyton community was collected twice yearly to determine the production of stream biomass.  The benthic macroinvertebrate community was also sampled twice a year.  The fish community was sampled every other year, although pool dwelling fish were surveyed (but not collected) yearly.  Biological assessments were conducted following EPA rapid bioassessment protocols (Protocol III for benthos/Protocol V for fish.  These assessments involve a detailed assessment of habitat in both in-stream and riparian corridor areas
Habitat assessment is a routine part of biomonitoring and is always included with bioassessment.  In addition, habitat was measured over the entire stream at 50 meter increments.  A likely source of both nutrients and coarse sediment to water within the Illinois River Basin is stream bank erosion.  In order to determine what relative proportion of these pollutants is coming off of the land surface and what proportion is coming from bank erosion, soil from eroding banks was sampled proportional to bank area and the nutrient and coarse sediment content of bank material was measured.  We also measured the rate of bank erosion. Sediment and nutrient loading from the stream bank were subtracted from the total pollution load measured at the base of the watershed to derive an estimate what proportion is coming from the land surface.  Stream bank erosion was assessed as part of the habitat assessment.

The objective of the paired watershed approach is to establish a significant relationship between water quality data for the two watersheds that will hold before and after implementation of best management practices.  This relationship must be sufficiently strong to detect differences between pre- and post-treatment periods.  The relationship during the calibration phase was described by the simple linear regression:

treated = bo + bi(control) + e

where treated and control represent concentrations or values for the respective watersheds, bo and b1 are regression coefficients representing intercept and slope, respectively, and e is the residual error.

Three questions must be addressed before shifting from the calibration phase to the treatment phase (USEPA 1993):

1. Is there a significant relationship between the paired watersheds for each parameter of interest?

2.
Has the calibration period continued for a sufficient length of time?

3.
Are the residual errors about the regression smaller than the expected (predicted) treatment effect?
For purposes of calibration, we evaluated the relationship between Peacheater and Tyner Creeks on data collected between December 1995 and April 1997 under three different flow regimes; all flows, high flow (> 2 * average flow), and base flow (< 0.5 * average flow).  All analyses were conducted on log-transformed data to satisfy assumptions of parametric statistical analysis.  Data from the PE1 and TDS sites were used for purposes of this assessment.
Regression Significance

The significance of the regression between paired observations was tested using analysis of variance (ANOVA).  The probability (p) value associated with the resulting F statistic indicated whether the regression explained a significant amount (P < 0.05) of the variation in the paired data.  The coefficient of determination (r2) indicated the quality of the regression or its utility to predict y from x.  

Significant (( = 0.05) relationships between Peacheater and Tyner Creek watersheds were obtained for all water quality parameters using data from combined flow regimes.  Significant (( = 0.05) relationships between the paired watersheds were obtained for all parameters except turbidity at base flow conditions.  Fewer relationships were significant during high flows; TKN, conductivity, chlorides, and hardness were not significant (( = 0.05) during high flow events. 

Calibration Duration

The ratio between the residual variance (S2yx) for the regression and the smallest worthwhile difference (d) is used to determine whether sufficient data has been collected to detect that difference.  The equation used (USEPA 1993) is:

(S2yx)/(d2) = {(n1 * n2)/(n1 + n2)}* {1/(F/(n1 + n2 - 2))))}

where      S2YX is the estimated residual variance about the regression

d is the smallest worthwhile difference in the mean in the treated watershed (e.g. for a difference of 10%, d = 0.1 * x) n1 and n2 are the numbers of observations in the calibration and treatment periods, respectively

F is the table value of F (α = 0.05) for the variance ratio at 1 and n1 + n2 - 3 degrees of freedom

If the left side of the equation is greater than the right side, an insufficient number of samples have been collected to detect the difference, based on the strength and precision of the regression relationship.

Sufficient samples had been collected during pre-implementation to detect a 10% difference for all parameters using data from combined flow types.  At base flow conditions, sufficient samples had been collected to detect a 10% difference for all parameters except sulfate and turbidity.  Sufficient samples had been taken to detect an 11% difference in sulfate and a 23% difference in turbidity.  This was likely due to the smaller number of samples at base flow as sufficient samples were taken using data from combined flow regimes.  Also, the magnitude of turbidity at base flow is much smaller than at other flow conditions, thus a 10% change would be a very small number, requiring more samples to detect a difference.  
Sufficient samples were collected at high flow to detect a 10% difference for fewer parameters; insufficient samples were collected to detect a difference for TKN, sulfate, and conductivity.  Sufficient samples were collected to detect a 12.5% difference in sulfate, a 20% difference in TKN, and a 13.6% difference in conductivity.  Again, this was likely due to the smaller number of samples collected at high flow conditions as sufficient samples were taken using data from all flow regimes.  Although sufficient samples were taken to detect a 10% difference in dissolved oxygen, chloride, and hardness, the regressions of these parameters were not significant, therefore the models for these parameters at high flows are not valid.

Residual Errors

The confidence bands for the regression allow more precise determination of the level of change needed to show a significant treatment effect.  Confidence bands for the regression are determined from:

CI = ± (t)(Syx) (1/n)0.5
where 
CI is the confidence interval


t is the table value of Student's t at n – 1 degrees of freedom 


 Syx is the square root of S2yx from the first equation

The residual errors calculations suggested the level of change necessary to show a significant response to treatment was 24% or less using data from combined flow regimes.  With the exception of nitrite, a 30% or less change was necessary to show a significant response using base flow data.  Nitrite required a 47% change to show a significant response using base flow data.  Of the valid regression models calculated using high flow data (excludes TKN, sulfate, dissolved oxygen, conductivity, chloride, and hardness), parameters required a 15% or less change (except nitrite which required a 50% change) to show a significant response to treatment.

Treatment

At the end of the treatment period, the significance of the effect of the BMPs is determined using analysis of covariance (ANCOVA).  The analysis determines:

1. the significance of the treatment regression equation,

2. the significance of the overall regression which combines the calibration and treatment period data,

3. the difference between the slopes of the calibration and treatment regressions, and

4. the difference between the intercepts of the calibration and treatment regressions.

Item 1 is determined through an ANOVA for the treatment period regression.  Items 2 – 4 are determined through an ANCOVA comparing the treatment and calibration period regressions.  Using the data from post-implementation monitoring (January 2003 – January 2005), Table 2 documents the significance of the treatment regressions.  All regressions were significant for at least the α = 0.05 level, except sulfate. 

This significance documents whether a correlation in these values exists between the two creeks during the post-implementation period.  The analysis suggests that for all the parameters of importance (nutrients, turbidity, temperature), the relationship was significant.

COMPARISON OF WATER QUALITY DATA
Table 3 and Figure 8- Figure 13 document the results of the ANCOVAs for the various parameters analyzed.  ANCOVAs were used to test for differences between the calibration and treatment periods.  The relationships between treatment and calibration periods were significantly different for all parameters with significant treatment period regressions.  Some relationships differed either positively or negatively both in slope and intercept (total phosphorus loading, dissolved oxygen, nitrite, conductivity, hardness, chloride, and discharge).  Some relationships differed in intercept, but not slope, meaning that there was an overall parallel shift in the relationship over the course of environmental conditions (total phosphorus concentrations, turbidity, and nitrate).  And finally, some relationships differed significantly in slope, but not in intercept, suggesting that the relationship between the two streams did not change significantly 
Table 2.  Treatment Period Regressions.

	Parameter
	R2
	F Value
	Significance 

	Total Phosphorus (mg/L)
	0.73
	159.6
	Significant (α= 2.0 X 10-18)

	Total Phosphorus Loading (kg/yr)
	0.71
	129.14
	Significant (α= 7.98 X 10-16)

	Nitrate (mg/L)
	0.63
	104.55
	Significant (α= 7.57 X 10-15)

	Nitrite (mg/L)
	0.27
	22.10
	Significant (α= 1.52 X 10-5)

	TKN (mg/L)
	0.24
	18.81
	Significant (α= 5.83 X 10-5)

	Total Nitrogen Loading (kg/yr)
	0.70
	119.50
	Significant (α= 5.67 X 10-15)

	Turbidity (NTU)- all data
	0.38
	47.67
	Significant (α= 1.2 X 10-9)

	pH
	0.41
	67.53
	Significant (α= 8.68 X 10-13)

	Conductivity (µS/cm)
	0.63
	172.01
	Significant (α= 1.28 X 10-23)

	Dissolved Oxygen (mg/L)
	0.71
	213.21
	Significant (α= 6.91 X 10-25)

	Temperature (°C)
	0.91
	1055.05
	Significant (α= 6.2 X 10-55)

	Alkalinity (mg CaCO3/L)
	0.53
	102.65
	Significant (α= 1.36 X 10-16)

	Hardness (mg CaCO3/L)
	0.64
	109.06
	Significant (α= 2.71 X 10-15)

	Sulfate (mg/L)
	0.04
	2.23
	Not Significant (α= 0.14)

	Chloride (mg/L)
	0.11
	7.50
	Significant (α= 0.008)

	Discharge (cfs)
	0.26
	40.22
	Significant (α= 4.93 X 10-9)


over all environmental conditions measured (TKN, Total Nitrogen Loading, pH, Temperature, and alkalinity).  

Comparisons between observed and predicted values are also useful for documenting a change due to implementation activities in the watershed.  Figure 14 - Figure 19 depict differences between observed and predicted values.  Total phosphorus concentration and loading were 9.6% and 72% lower than predicted values, respectively.  Nitrate and TKN concentrations and total nitrogen loading were 23%, 20%, and 60% lower than expected, respectively.  Chloride was 11% lower than expected and discharge was 88% lower than expected.  Dissolved Oxygen concentrations were 3.4% higher than expected and temperature was 1.1% higher than expected.  

Although comparison of pre-implementation and post-implementation nitrite values suggests a potential 54% reduction, detection limits differed by an order of magnitude between pre- and post-implementation periods such that the detected difference might be due to detection limits differences rather than actual chemical changes.  The detection limit was higher during post-implementation monitoring.  However, both pre- and post-implementation monitoring nitrite values are below environmentally significant levels and do not significantly affect total nitrogen loading such that a change or lack of change in pre- vs. post-implementation nitrite concentrations is not environmentally significant.

Table 3.  ANCOVA Results for Calibration and Treatment Period Regressions.

	Parameter
	n
	ANCOVA Results
	Calibration Average
	Treatment Average
	% Difference

	
	Calib
	Treat
	model
	Slope
	Intercept
	Tyner
	Peacheater
	Tyner
	PE Obs.
	PE Pred.
	

	Total Phosphorus (mg/L)
	94
	61
	Significant
	Not Significant
	Significant
	0.045
	0.061
	0.092
	0.081
	0.089
	-9.6%

	Total Phosphorus Loading (kg/yr)
	92
	55
	Significant
	Significant
	Significant
	4720.80
	6244.48
	6784.37
	2988.82
	10,207.28
	-66%

	Nitrate (mg/L)
	90
	62
	Significant
	Not Significant
	Significant
	2.75
	3.06
	3.33
	2.66
	3.45
	-23%

	Nitrite (mg/L)
	95
	64
	Significant
	Significant
	Significant
	0.002
	0.005
	0.015
	0.009
	0.019
	-54%


	TKN (mg/L)
	95
	62
	Significant
	Significant
	Not Significant
	0.212
	0.258
	0.138
	0.120
	0.151
	-20.1%

	Total Nitrogen Loading (kg/yr)
	82
	53
	Significant
	Not Significant
	Significant
	125,729
	145,860
	127,681
	78,337
	184,395
	-57%

	Turbidity (NTU)
	153
	79
	Significant
	Not Significant
	Significant
	2.95
	5.25
	1.96
	3.97
	1.79
	+121%

	pH
	141
	100
	Significant
	Significant
	Not Significant
	7.30
	7.32
	7.22
	7.29
	7.26
	+0.2%

	Conductivity (µS/cm)
	155
	104
	Significant
	Not Significant
	Significant
	179
	160
	214
	180
	186
	-3.0%

	Dissolved Oxygen (mg/L)
	149
	86
	Significant
	Significant
	Significant
	9.38
	9.07
	9.47
	9.71
	9.40
	+3.4%

	Temperature (°C)
	155
	102
	Significant
	Significant
	Not Significant
	15.1
	15.3
	15.6
	16.2
	16.0
	+1.0%

	Alkalinity (mg CaCO3/L)
	148
	93
	Significant
	Significant
	Significant
	63.7
	50.5
	84.2
	70.5
	56.9
	+23%

	Hardness (mg CaCO3/L)
	90
	64
	Significant
	Significant
	Significant
	75.21
	66.03
	92.98
	78.75
	77.23
	+2%

	Sulfate (mg/L)
	95
	63
	Not Significant
	Not Significant
	Significant
	
	
	
	
	
	

	Chloride (mg/L)
	92
	61
	Significant
	Significant
	Significant
	6.96
	7.20
	7.50
	6.73
	7.53
	-11%

	Discharge (cfs)
	149
	100
	Significant
	Significant
	Significant
	31.76
	32.17
	23.88
	15.88
	142.92
	-88%
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Figure 8.  Treatment vs. Calibration Regressions for TP Concentration and Load.
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Figure 9.  Treatment vs. Calibration Regressions for Nitrate & Nitrite Concentrations.
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Figure 10.  Treatment vs. Calibration Regressions for TKN and Total N Load.
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Figure 11.  Treatment vs. Calibration Regressions for Temperature and Alkalinity.
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Figure 12.  Treatment vs. Calibration Regressions for Chloride and Hardness.
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Figure 13.  Treatment vs. Calibration Regressions for pH and conductivity.
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Figure 14.  Comparison of Observed Vs. Predicted Total Phosphorus Concentration and Loading.
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Figure 15.  Comparison of Observed Vs. Predicted Nitrate and Nitrite Concentrations.
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Figure 16.  Comparison of Observed to Predicted TKN Concentrations and TN Loading.
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Figure 17.  Comparison between Observed and Predicted pH and Temperature.
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Figure 18.  Observed Vs. Predicted Alkalinity and Chloride Concentrations.
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Figure 19.  Observed vs. Predicted Hardness Concentrations.
The relationship between pre- and post-implementation monitoring was also evaluated under the different flow regimes (elevated vs. baseflow) to determine whether practices implemented were having a different effect on runoff verses groundwater loading (Table 4 - Table 7 and Figure 20).  Elevated flow was considered to be 20 cfs or greater in Peacheater Creek.

Table 4.  Treatment Period Regressions for Baseflow.

	Parameter
	R2
	F Value
	Significance 

	Total Phosphorus (mg/L)
	0.74
	121.20
	Significant (α= 4.3 X 10-14)

	Total Phosphorus Loading (kg/yr)
	0.65
	69.94
	Significant (α= 4.71 X 10-10)

	Nitrate (mg/L)
	0.75
	132.42
	Significant (α= 5.35 X 10-15)

	Nitrite (mg/L)
	0.24
	14.06
	Significant (α= 5.13 X 10-4)

	TKN (mg/L)
	0.05
	2.20
	Not Significant (α= 0.145)

	Total Nitrogen Loading (kg/yr)
	0.62
	64.12
	Significant (α= 9.24 X 10-10)

	Turbidity (NTU)- all data
	0.04
	2.86
	Not Significant (α= 0.096)

	pH
	0.35
	42.72
	Significant (α= 5.45 X 10-9)

	Conductivity (µS/cm)
	0.57
	107.86
	Significant (α= 1.13 X 10-16)

	Dissolved Oxygen (mg/L)
	0.71
	213.21
	Significant (α= 6.91 X 10-25)

	Temperature (°C)
	0.93
	1048.97
	Significant (α= 4.04 X 10-48)

	Alkalinity (mg CaCO3/L)
	0.56
	96.18
	Significant (α= 5.80 X 10-15)

	Hardness (mg CaCO3/L)
	0.71
	113.54
	Significant (α= 6.85 X 10-14)

	Chloride (mg/L)
	0.06
	2.93
	Not Significant (α= 0.094)

	Sulfate (mg/L)
	0.06
	0.24
	Not Significant (α= 0.62)

	Discharge (cfs)
	0.20
	20.41
	Significant (α= 2.13 X 10-5)


Table 5.  Treatment Period Regressions for Highflow.

	Parameter
	R2
	F Value
	Significance 

	Total Phosphorus (mg/L)
	0.63
	21.82
	Significant (α= 4.37 X 10-4)

	Total Phosphorus Loading (kg/yr)
	0.65
	69.94
	Significant (α= 4.71 X 10-10)

	Nitrate (mg/L)
	0.60
	20.70
	Significant (α= 4.54 X 10-4)

	Nitrite (mg/L)
	0.40
	10.06
	Significant (α= 6.32 X 10-3)

	TKN (mg/L)
	0.46
	10.96
	Significant (α= 5.64 X 10-3)

	Total Nitrogen Loading (kg/yr)
	0.62
	64.12
	Significant (α= 9.24 X 10-10)

	Turbidity (NTU)
	0.61
	21.10
	Significant (α= 5.04 X 10-4)

	pH
	0.58
	20.82
	Significant (α= 3.74 X 10-4)

	Conductivity (µS/cm)
	0.71
	42.31
	Significant (α= 5.4 X 10-6)

	Dissolved Oxygen (mg/L)
	0.66
	27.31
	Significant (α= 1.28 X 10-4)

	Temperature (°C)
	0.07
	1.30
	Not Significant (α= 0.27)

	Alkalinity (mg CaCO3/L)
	0.46
	13.66
	Significant (α= 1.96 X 10-3)

	Hardness (mg CaCO3/L)
	0.12
	2.12
	Not Significant (α= 0.165)

	Chloride (mg/L)
	0.11
	1.82
	Not Significant (α= 0.197)

	Sulfate (mg/L)
	0.32
	6.55
	Significant (α= 0.023)

	Discharge (cfs)
	0.19
	3.53
	Not Significant (α= 0.080)


Baseflow regression equations were not significant for turbidity, TKN, sulfate, and chloride.  Highflow regressions were not significant for temperature, hardness, chloride, or discharge.  The calibration and post implementation period regressions were not significantly different for baseflow pH, baseflow hardness, highflow total phosphorus concentration, highflow DO, highflow turbidity, highflow sulfate or highflow pH.  In some cases, lack of significance may have related to small sample size of highflow events.  Post implementation highflow n ranged from 14 to 19.  However, lack of significance, for certain parameters, was also likely due to no discernable change between pre- and post-implementation periods.

The primary parameter of concern, average total phosphorus, decreased significantly in baseflow concentration (16%) and baseflow (77%) and highflow loading (25%).  This difference between base and highflow regimes could suggest that practices installed had a greater impact on baseflow phosphorus conditions than highflow conditions, although highflow averages were also significantly reduced.  

Baseflow average nitrate, nitrite and total nitrogen loading were significantly lower (20 %, 43%, and 47%, respectively) during the post-implementation period.  Highflow  nitrate, nitrite, TKN, and total nitrogen loading were also significantly lower (20%, 29%, 19%, and 29%, respectively) during the post-implementation period.  

Decreases in average conductivity were statistically significant at both baseflow and highflow concentrations, although the magnitude of the difference did not vary (4% decrease at baseflow and 3% decrease at highflow).  Average temperature increased by approximately 3% at baseflow but was not significantly different during highflow conditions.  Average alkalinity increased by 22% during baseflow measurements and 

Table 6.  ANCOVA Results for Baseflow Calibration and Treatment Period Regressions.

	Parameter

	n
	ANCOVA Results
	Calibration Average
	Treatment Average
	% Difference

	
	Calib
	Treat
	model
	Slope
	Intercept
	Tyner
	Peacheater
	Tyner
	PE Obs.
	PE Pred.
	

	Total Phosphorus (mg/L)
	55
	45
	Significant
	Not Significant
	Significant
	0.03
	0.05
	0.06
	0.07
	0.08
	-16%

	Total Phosphorus Loading (kg/yr)
	47
	38
	Significant
	Significant
	Significant
	205.16
	281.30
	558.28
	357.19
	1,534.24
	-77%

	Nitrate (mg/L)
	53
	47
	Significant
	Not Significant
	Significant
	2.44
	2.72
	3.27
	2.54
	3.21
	-20%

	Nitrite (mg/L)
	56
	46
	Significant
	Significant
	Not Significant
	0.002
	0.004
	0.016
	0.009
	0.015
	-43%

	TKN (mg/L)
	53
	43
	Not Significant
	Significant
	Significant
	
	
	
	
	
	

	Total Nitrogen Loading (kg/yr)
	45
	41
	Significant
	Significant
	Significant
	32,644
	25,830
	40,972
	18,962
	35,732
	-47%

	Turbidity (NTU)
	98
	69
	Not Significant
	Significant
	Not Significant
	
	
	
	
	
	

	pH
	93
	82
	Significant
	Not Significant
	Not Significant
	
	
	
	
	
	

	Conductivity (µS/cm)
	100
	85
	Significant
	Not Significant
	Significant
	190
	167
	219
	184
	192
	-4.0%

	Dissolved Oxygen (mg/L)
	97
	70
	Significant
	Significant
	Significant
	9.04
	8.56
	9.49
	9.82
	9.38
	+4.6%

	Temperature (°C)
	100
	83
	Significant
	Significant
	Not Significant
	16.1
	16.7
	15.6
	16.3
	15.8
	+2.9%

	Alkalinity (mg CaCO3/L)
	93
	75
	Significant
	Significant
	Significant
	70.4
	54.6
	84.9
	70.9
	58.1
	+22%

	Hardness (mg CaCO3/L)
	54
	47
	Significant
	Not Significant
	Not Significant
	
	
	
	
	
	

	Chloride (mg/L)
	55
	45
	Not Significant
	Significant
	Not Significant
	
	
	
	
	
	

	Sulfate (mg/L)
	54
	46
	Not Significant
	Not Significant
	Not Significant
	
	
	
	
	
	

	Discharge (cfs)
	94
	82
	Significant
	Significant
	Significant
	9.96
	7.52
	11.77
	6.25
	19.59
	-68%


Table 7.  ANCOVA Results for High Flow Calibration and Treatment Period Regressions.

	Parameter

	n
	ANCOVA Results
	Calibration Average
	Treatment Average
	% Difference

	
	Calib
	Treat
	model
	Slope
	Intercept
	Tyner
	Peacheater
	Tyner
	PE Obs.
	PE Pred.
	

	Total Phosphorus (mg/L)
	39
	15
	Significant
	Not Significant
	Not Significant
	
	
	
	
	
	

	Total Phosphorus Loading (kg/yr)
	44
	14
	Significant
	Significant
	Not Significant
	9647
	12,785
	19,369
	9,804
	13,153
	-25%

	Nitrate (mg/L)
	39
	16
	Significant
	Significant
	Significant
	3.19
	3.53
	3.57
	3.02
	3.77
	-20%

	Nitrite (mg/L)
	39
	17
	Significant
	Significant
	Not Significant
	0.003
	0.004
	0.011
	0.009
	0.013
	-29%

	TKN (mg/L)
	35
	15
	Significant
	Not Significant
	Significant
	0.29
	0.31
	0.23
	0.18
	0.23
	-19%

	Total Nitrogen Loading (kg/yr)
	33
	16
	Significant
	Significant
	Not Significant
	215,876
	253,833
	321,363
	210,905
	298,506
	-29%

	
	
	
	
	
	
	
	
	
	
	
	

	Turbidity (NTU)
	53
	15
	Significant
	Not Significant
	Not Significant
	
	
	
	
	
	

	pH
	48
	17
	Significant
	Not Significant
	Not Significant
	
	
	
	
	
	

	Conductivity (µS/cm)
	55
	19
	Significant
	Significant
	Not Significant
	162
	148
	191
	163
	168
	-3.0%

	Dissolved Oxygen (mg/L)
	54
	16
	Significant
	Not Significant
	Not Significant
	
	
	
	
	
	

	Temperature (°C)
	55
	19
	Not Significant
	Significant
	Not Significant
	
	
	
	
	
	

	Alkalinity (mg CaCO3/L)
	55
	18
	Significant
	Significant
	Not Significant
	52.4
	43.5
	70
	61.5
	50.1
	+23%

	Hardness (mg CaCO3/L)
	36
	17
	Not Significant
	Not Significant
	Not Significant
	
	
	
	
	
	

	Chloride (mg/L)
	38
	17
	Not Significant
	Significant
	Significant
	
	
	
	
	
	

	Sulfate (mg/L)
	37
	16
	Significant
	Not Significant
	Not Significant
	
	
	
	
	
	

	Discharge (cfs)
	55
	17
	Not Significant
	Significant
	Not Significant
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Figure 20.  Comparison between Baseflow and Highflow Treatment vs. Calibration Regressions for Nutrients.

23% during highflow.  Average discharge was 68% lower than expected during baseflow events, but did highflow measurements did not differ significantly during between pre- and post-implementation periods.
In conclusion, comparison between pre-implementation and post-implementation monitoring periods revealed the following beneficial changes due to implementation of BMPs in the watershed:

· decreases in phosphorus concentrations and loading in Peacheater Creek over what was expected based on pre-implementation conditions

· phosphorus concentrations decreased approximately 10% overall, although reductions affected baseflow conditions more than highflow conditions.

· phosphorus loading decreased approximately 66% overall and, again, baseflow loading (decreased by 77%) was affected more than highflow loading (decreased by 25%).

· decreased nitrogen concentrations and loading in Peacheater Creek over what was expected based on pre-implementation conditions

· nitrate concentrations decreased approximately 23% overall; baseflow reductions and highflow concentrations were both reduced by approximately 20%

· total Kjeldahl nitrogen concentrations decreased by approximately 20% overall.  TKN concentrations were more significantly affected at highflow than baseflow conditions with approximately 19% decrease in average highflow concentrations

· total nitrogen loading decreased by approximately 57% overall.  Average baseflow loading decreased more significantly than highflow loading.  

· Increased dissolved oxygen concentrations in Peacheater Creek over what was expected based on pre-implementation conditions
· DO increased 3% overall, although increases were more significant at baseflow conditions, increasing approximately 4.6%.
COMPARISON OF IN-STREAM HABITAT

The presence of suitable habitat is critical to the survival of biological communities in streams.  Comparison of habitat available and biota present may provide insight to whether water quality, habitat availability, or some other factor limits the biological community. 

Poor habitat related to large gravel bedloads are one of the main sources of water quality impact to many of the smaller, headwater streams in the Illinois River Watershed.  Gravel from streambank and upland erosion fills in pools and smothers stable habitat as it moves downstream during high flow events.  Gravel alters the hydrology of the system to lead to further downstream bank erosion and greater downstream gravel inputs.  Therefore, one goal of the implementation will be to improve the quality of habitat in the stream by stabilizing streambanks and reducing upland erosion.  Over time, these changes should result in more stable gravel in the streams, and in better habitat overall.

Statistical comparison of the habitat metrics between pre- and post-implementation periods was limited because of the relatively small sample size and because fewer habitat assessments were completed during the post-implementation period.  During pre-implementation monitoring, habitat assessments were completed at least quarterly, yet habitat assessments were only completed three times during the two year post-implementation period.  As a cost-saving measure, fewer habitat collections were completed during the post-implementation period after analysis of the pre-implementation habitat data suggested little variability over time or between the two streams in habitat parameters.  

OCC’s habitat assessment components include:

(1) Instream cover is the component of habitat that organisms hide behind, within, or under.  High quality cover consists of things like submerged logs, cobble and boulders, root wads, and beds of aquatic plants.  Cover required by smaller members of the stream community will consist of gravel, cobbles, small woody debris, and dense beds of fine aquatic plants.  At least 50% of the stream’s area should be occupied by a mixture of stable cover types for this category to be considered optimal.

(2) Pool bottom substrate describes the type of stream bed found in pools.  Pools are depositional areas of the stream, and as such, are easily damaged by materials that settle.  A loose shifting pool bottom will not provide substrate for burrowing organisms and will not allow bottom-spawning fish to successfully spawn.  It will not provide habitat to the smaller vertebrates and invertebrates that are necessary to support many of the pool dwelling fish.  At least 80% of all pool bottoms must have stable substrate for a reach to be considered optimal for this habitat component.

(3) Pool variability describes the depth of pools.  A healthy, diverse community of aquatic organisms requires both deep and shallow pools.  A fairly even mix of pool depths from a few centimeters to 0.5 meters or greater is optimal. 

(4) Canopy cover assesses the shading of the stream section.  Plants lie at the base of almost all food chains.  Since plants require light for growth and survival, a stream that is functioning well needs some amount of light.  Moderation is optimal, however, because light is associated with heat, and most aquatic organisms are more stressed by the warmer waters and the lower oxygen solubility and higher metabolic rates that accompany the warming of water.

(5) The percent of rocky runs and riffles is calculated for the fifth component.  Rocky runs and riffles offer a unique combination of highly oxygenated, turbulent water, flowing over high quality cover and substrate.  Turbulence prevents the formation of nutrient concentration gradients from cell membranes outward so that algae and other plants grow at a much higher rate than they would at the same concentration in pools.  More food means more growth.  Larger crops of algae are translated into larger invertebrate crops.  It is these invertebrates, reared in riffle areas that feed many of the fish in the stream.  Because turbulent water is well oxygenated, there has been no selection pressure for riffle dwelling organisms to develop tolerance to poorly oxygenated waters.  These are often the first animals to disappear from the stream if oxygen becomes scarce.  The presence of rocky runs and riffles offers habitat for many highly adapted animals that will increase diversity of samples collected from the streams they occupy.

(6) Discharge at representative low flow reflects stream size.  Water is the most basic requirement of aquatic organisms.  Larger streams tend to have more water, and thus, more varied high quality habitat.  Overall habitat quality should rise as streams increase in size and discharge, other factors being equal.

(7) Channel alteration is the seventh category.  The presence of newly formed point bars and islands is very significant.  Unstable streambeds support fewer types of animals than those that are stable.  This is because unstable streambeds tend to have unstable pool bottom substrate, riffle areas whose cobbles are embedded in finer material, and little cover because it is continually being buried.  Few or no signs of channel alteration are considered optimal.

(8) Channel sinuosity measures how far a channel deviates from a straight line.  More sinuous channels tend to have more undercut banks, root wads, submerged logs, etc.  IBI scores should be higher as channels become more sinuous.  Sinuosity was calculated from digital ortho quad maps using Geographic Information System technology (GIS). 

(9) The bank erosion index assesses the stability of the stream bank.  Stable stream banks tend to increase IBI scores for many reasons.  Most importantly, they do not contribute sediment to the stream channel.  As a rule, channels with stable banks tend to be deeper and narrower than channels with unstable banks.  Because of the increased depth and decreased width, they tend to be cooler and they also tend to grow less algae for a given amount of nutrients than do shallow, wide channels.  Overall habitat quality should increase as bank stability increases.

(10) The vegetative stability of the stream bank is an important component.  Stream banks can be stabilized with a number of materials including rock, concrete, and fabric.  Banks that are stabilized with vegetation benefit the aquatic community more than those stabilized with other materials.  This is because the vegetation offers several extra advantages beyond that of bank stability.  The riparian plants of the stream bank offer a high quality source of food and shade to the aquatic community.  Riparian vegetation stabilizes point bars and contributes greatly to structure in the form of root wads and woody debris.  Overall habitat quality should improve as bank vegetative stability increases.

(11) The last category is streamside cover.  A large part of the energy and food input to the stream comes from the terrestrial vegetation along the banks.  A mixture of grasses, forbs, shrubs, vines, saplings, and large trees transfer these necessities to the stream more effectively than does any single type of vegetation.  Habitat quality should increase as the form of bank vegetation increases in diversity.

Each stream segment was surveyed for 400 meters upstream or downstream of the starting point (usually a road crossing).  Investigators recorded data for the described parameters for 20 stations at 20 meter intervals.  Habitat data were entered, metrics were computed, and a "total habitat score" was rendered via Access programming.  The total habitat score, which can reach a maximum of 180 points, was calculated based on quantitative weighting given to each of the habitat parameters in relation to their biological significance.  Scores were computed for each of the eleven categories, summed, and assigned as an evaluation of that stream section and riparian zone.  

Pre-implementation period metric score regressions between Peacheater and Tyner Creek suggests no significant relationship in the individual metrics or overall scores between Peacheater and Tyner Creeks either on a site-by-site comparison or a combination of measurements from all sites.  This lack of significance was likely due, in part, to small samples sizes; however, as a result, the ANCOVA method used to compare pre- and post-implementation results for chemical parameters could not be used to compare habitat scores.  

A simple analysis was completed by comparing the post-implementation median values to pre-implementation period quartile ranges on a comparable site-by-site basis for Peacheater and Tyner Creeks.  Increases or decreases in Peacheater median values were compared to Tyner Creek values to evaluate whether or not habitat or aspects of habitat in Peacheater Creek may have changed between pre- and post-implementation periods due to changes in land management over the course of the program.  Overall comparison suggests little difference between overall habitat measurements in Peacheater and Tyner Creeks during either pre- or post-implementation periods, and no statistically significant differences between pre- and post-implementation monitoring results. Table 8 compares the overall quartile distributions for pre- and post-implementation habitat scores and individual metric scores on a comparable site basis.  For instance, post-implementation median instream cover was lower than the pre-implementation interquartile range at 3 Tyner Creek sites and one Peacheater site.  However, when you compare corresponding sites considering Tyner Creek as the control (Table 9), no clear distinction emerges as two PE sites improved over Tyner, one did not differ compared to Tyner, and another was lower than Tyner.
Using these methods of comparison, it appears that canopy cover shading in Peacheater Creek might be lower in the post-implementation period than during the pre-implementation period.  However, it appears that bank stability and bank stabilizing vegetation may be improved in the post-implementation period compared to the pre-implementation period.

Table 8.  Comparison of Pre-and Post-Implementation Habitat Metric Median Values
.

	Site Name
	Peacheater Creek:  PE1
	Tyner Creek:  TB1
	Peacheater Creek:  PE2
	Tyner Creek:  TB2
	Peacheater Creek:  PE4a
	Tyner Creek:  TB4
	Peacheater Creek:  PE5
	Tyner Creek:  TB5

	period
	median- pre-implementation
	median- post-implementation
	median- pre-implementation
	median- post-implementation
	median- pre-implementation
	median- post-implementation
	median- pre-implementation
	median- post-implementation
	median- pre-implementation
	median- post-implementation
	median- pre-implementation
	median- post-implementation
	median- pre-implementation
	median- post-implementation
	median- pre-implementation
	median- post-implementation

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Instream Cover
	19.45
	18.7
	19.4
	17.6
	19.3
	19.2
	19.15
	18.5
	18.9
	18.6
	18.85
	18.9
	18.9
	17.7
	19.5
	19.1

	Pool Bottom Substrate
	18.9
	16.8
	18.8
	17.9
	18
	18.6
	16.9
	15.5
	17.7
	17.7
	14.55
	15.7
	17.85
	18.6
	18.8
	18.1

	Pool Variability
	14.6
	19.4
	14.6
	20.2
	18.8
	15.9
	16.55
	17.2
	14.6
	18.8
	14.6
	15.9
	14.7
	19.3
	16.1
	14.6

	Canopy Cover Shading
	7.05
	5.3
	20
	19.9
	19.1
	14.5
	5.2
	4.6
	11.8
	10.6
	7.5
	8.9
	15.4
	15.9
	15.95
	13.6

	Presence of Rocky Runs or Riffles
	16.2
	16.1
	16.15
	16.2
	16.2
	16.3
	15.9
	16.2
	15.2
	14.1
	16.15
	15.9
	13.7
	15.6
	16.25
	16.1

	Channel Alteration
	0.4
	0.5
	2.8
	3.5
	0.4
	1
	2.3
	1
	0.7
	0.4
	2.65
	0.4
	0.7
	0.4
	2.8
	3.5

	Bank Stability
	8.05
	8.1
	8.1
	7.9
	7.8
	8.6
	8.1
	7
	7.4
	7.4
	8
	7.6
	5.9
	6.7
	7.8
	7.5

	Bank Vegetation Stability
	0.6
	3.5
	3.65
	4.1
	2.4
	3.5
	1.05
	1.4
	0.6
	2.3
	1.45
	4
	0.45
	2.3
	4.7
	3.8

	Streamside Cover
	3.8
	4.2
	8.1
	9.1
	6.6
	8.8
	3.4
	3.4
	3.6
	4.4
	6
	9.2
	4.8
	5.8
	3.1
	9.2

	Total Points
	107.9
	107.7
	132.15
	131.7
	122.7
	121.2
	110.45
	103.7
	111.1
	112.9
	111.9
	111.4
	108.8
	110.4
	122.2
	120.4


Table 9.  Results of Habitat Metric Comparisons.

	
	# of sites where PE values increased compared to TY values
	# of sites where PE values did not differ from TY values
	# sites where PE values decreased compared to TY values
	Result

	
	
	
	
	

	In-stream Cover
	2
	1
	1
	↔

	Pool Bottom Substrate
	2
	2
	
	↔

	Pool Variability
	2
	2
	
	↔

	Canopy Cover Shading
	1
	
	3
	↓

	Presence of Rocky Runs or Riffles
	1
	2
	1
	↔

	Channel Alteration
	
	3
	1
	↔

	Bank Stability
	3
	1
	
	↑

	Bank Vegetation Stability
	3
	
	1
	↑

	Streamside Cover
	1
	1
	2
	↔

	Total Points
	1
	3
	
	↔


Comparison of overall habitat scores to average cool water aquatic community high quality reference stream scores for the Ozark Highlands Ecoregion suggests that all overall averages, pre-, and post- implementation habitat scores were not significantly different from the reference site. Figure 21 depicts average habitat scores for the stream sites compared to the average score of high quality sites for the ecoregion denoted by the solid blue line and plus or minus two standard deviations depicted by the dashed blue lines.  Although habitat in these streams could be improved by increasing its stability, but it is not significantly different from habitat in high quality streams for the area.
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Figure 21.  Comparison of Habitat Total Scores.

COMPARISON OF FISHERIES

The primary objective of the Peacheater Creek Implementation Project was to demonstrate the type of water quality monitoring that was necessary to provide baseline data to support implementation of best management practices and verify results of that implementation. A primary goal of the Peacheater project and other projects in the Illinois River Basin is to improve water quality and habitat for biota in the river, its tributaries, and Lake Tenkiller.  The design of the paired watershed project necessitates verification of preimplementation similarities in aquatic communities in the two creeks to ensure post implementation differences result from implementation rather than some other factor.  Thus, fish populations were surveyed in Peacheater and Tyner Creeks using seining and electrofishing techniques for purposes of comparison between the two systems.  Types and numbers of fish collected were analyzed using an index of biological integrity (IBI) to give the populations an overall rating as compared to a pooled reference condition of high quality sites in the same ecoregion.  

To minimize depletionary impacts of collection on indigenous populations, fish were collected from riffles, runs, and pools every other year and from pools only on a quarterly basis.  

Fish data were compiled and analyzed by site using a modified version of Karr’s Index of Biotic Integrity (IBI) (adapted from Plafkin et al., 1989).  Descriptive statistics were determined for each metric using the Minitab V. 14 software.  The condition of the fish community was based on indices of species richness, community quality, trophic structure, and by comparison to the average scores of high-quality streams in that ecoregion.  An overall fish score was calculated using the following assessed categories:

(1)  The total number of fish species decreases with decreasing water or habitat quality.

(2)  The number of sensitive benthic species (darters, madtoms, sculpins) decreases with increasing siltation and increasing benthic oxygen demand.  Many of these fish actually live within the cobble and gravel interstices and are very good indicators of conditions that make this environment inhospitable.  These species are weak swimmers that do not readily travel up and down a stream, so their presence or absence at a site relates well to both past and present habitat and water quality conditions at that site.

(3) The number of sunfish species decreases with decreasing pool quality and with decreasing cover.  Sunfish also require a fairly stable substrate on which to spawn, so their long-term success is also tied to conditions that affect the amount of sediment that enters and leaves the stream.

(4)  The number of intolerant species is a characteristic of the fish community that separates high quality from moderate quality sites.  A high quality stream will have several members of the fish community that are intolerant to environmental stress.  A stream of only moderate quality will have fish that are moderately and highly tolerant of environmental stress.  The intolerant species will not be present in the moderate quality stream.

(5)  The proportion of tolerant individuals is a characteristic that allows moderate quality streams to be separated from low quality streams.  These are opportunistic, tolerant fish that dominate communities that have lost their competitors through loss of habitat or water quality.

(6) The proportion of individuals as insectivorous cyprinids increases as the quality and quantity of the invertebrate food base increases.  These are the dominant minnows in North American streams but are replaced by either omnivorous or herbivorous minnows as the quality of the food base deteriorates.  Often, as the density of aquatic invertebrates decreases, the standing crop of algae increases.  This is because the aquatic invertebrates are the largest group of primary consumers.  Fish that can switch their diet to algae or fish that eat only algae will replace fish that cannot adapt to the new conditions.

(7) The proportion of individuals as lithophilic spawners decreases as the quality of the stream decreases.  Lithophilic spawners require cobble or gravel in order to spawn; hence, these fish are sensitive to siltation.  This metric allows separation of excellent streams from moderate quality streams.

For each of these seven metrics, a score of 5, 3, or 1 was assigned (Table 10), and these scores were summed to get a total IBI score for each site, with a maximum of 35 points.  For all “proportion” metrics, the score was based on the actual metric.  For all non-proportion metrics, the score was determined by dividing the monitoring site’s metric by the average high quality site metric in a particular ecoregion.  Each monitoring site’s total score was then compared to the high quality site total score in that ecoregion and given an integrity rating (as established and suggested by the EPA RBP; see Table 11, below).  IBI scores that fell between the assessment ranges were classified in the closest scoring group.  This score indicates the quality of the fish community (higher scores indicate higher quality) but says nothing about whether any deficiencies are due to degraded water quality or to degraded habitat. 

Table 10.  .  Index of Biotic Integrity (IBI) scoring criteria for fish.

	Metrics
	5
	3
	1

	Number of species
	>67%
	33-67%
	<33%

	Modified Hilsenhoff Biotic Index* (***)
	>85
	70-85
	50-70

	Number of sensitive benthic species
	>67%
	33-67%
	<33%

	Ratio of Scrapers and Filterers
	
	
	

	Number of sunfish species
	>67%
	33-67%
	<33%

	Number of intolerant species
	>67%
	33-67%
	<33%

	Proportion tolerant individuals
	<10%
	10-25%
	>25%

	Proportion insectivorous cyprinid individuals
	>45%
	20-45%
	<20%

	Proportion individuals as lithophilic spawners
	>36%
	18-36%
	<18%


Table 11.  Index of Biotic Integrity (IBI) score interpretation for fish.

	% Comparison to the Reference Score
	Integrity Class
	Characteristics

	>97%
	Excellent
	Comparable to pristine conditions, exceptional species assemblage

	80 - 87%
	Good
	Decreased species richness, especially  intolerant species

	67 - 73%
	Fair
	Intolerant and sensitive species rare or absent

	47 - 57%
	Poor
	Top carnivores and many expected species absent or rare; omnivores and tolerant species dominant

	26 - 37%
	Very Poor
	Few species and individuals present; tolerant species dominant; diseased fish frequent


Fish communities in Peacheater and Tyner Creeks are overall in good condition.  At least 26 species of fish were collected from the watersheds during the project period, including three crosses (Table 12).  Many of these fish are classified as intolerant and as a result, the communities scored maximum ratings for percentage intolerant fish.  

Table 12.  Fish Species Collected During the Project Period.

	Common
	Species

	
	

	Central stoneroller
	Campostoma anomalum

	Cardinal shiner
	Luxilus cardinalis

	Redspot chub
	Nocomis asper

	Ozark minnow
	Notropis nubilus

	Rosyface shiner
	Notropis rubellus

	Southern redbelly dace
	Phoxinus erythrogaster

	Creek chub
	Semotilus atromaculatus

	White sucker
	Catostomus commersoni

	Northern hog sucker
	Hypentelium nigricans

	Black redhorse
	Moxostoma duquesnei

	Golden redhorse
	Moxostoma erythrurum

	Black bullhead catfish
	Ameiurus melas

	Yellow bullhead catfish
	Ameiurus natalis

	Slender madtom
	Noturus exilis

	Mosquitofish
	Gambusia affinis

	Banded sculpin
	Cottus carolinae

	Shadow bass
	Amboplites ariommus

	Rock bass
	Ambloplites rupestris

	Green sunfish
	Lepomis cyanellus

	Bluegill sunfish
	Lepomis macrochirus

	Longear sunfish
	Lepomis megalotis

	Redear sunfish
	Lepomis microlophus

	Green x bluegill sunfish
	Unidentified Lepomis hybrid

	Smallmouth bass
	Micropterus dolomieui

	Spotted bass
	Micropterus punctulatus

	Largemouth bass
	Micropterus salmoides

	Green x bluegill sunfish
	Unidentified Lepomis hybrid

	Smallmouth x largemouth bass
	Unidentified Micropterus hybrid

	Greenside darter
	Etheostoma blennioides

	Fantail darter
	Etheostoma flabellare

	Stippled darter
	Etheostoma punctulatum

	Orangethroat darter
	Etheostoma spectabile

	Banded darter
	Etheostoma zonale


Results of the full fish survey collections are shown in Table 13 and Table 14  Full fish survey results do not suggest significant differences between pre- and post-implementation fish communities.  Nor did comparison of individual metrics suggest significant changes between the pre- and post-implementation periods.  For instance, post-implementation fish collections seemed to be larger than pre-implementation full fish collections, the difference was not statistically significantly (Figure 22).
Table 13.  Pre-implementation Fish IBI Scores for Peacheater and Tyner Creeks.

	Metric
	10-15-91
	7-19-93
	7-15-93
	8-11-97
	8-13-97

	
	TB1
	PE1
	TB5
	PE2
	PE1
	TDS

	# 1- Total # of species
	5
	5
	5
	5
	5
	5

	#2- # of Darter Species
	5
	5
	5
	5
	5
	5

	# 3 # of sunfish species
	1
	3
	3
	3
	5
	3

	#4  # of Sucker Species
	3
	3
	5
	1
	5
	5

	# 5- # of Intolerant Species
	5
	5
	5
	5
	5
	5

	#6 proportion of individuals as tolerant species
	5
	5
	5
	5
	5
	5

	#7 Proportion of individuals as omnivores
	5
	5
	5
	5
	5
	5

	#8- Proportion of individuals as insectivores
	3
	5
	5
	5
	5
	3

	#9- Proportion of individuals as top carnivores
	3
	3
	1
	1
	1
	1

	#10 – Total # individuals
	1
	1
	5
	3
	3
	5

	IBI Score
	36
	40
	44
	38
	44
	42

	IBI Rating
	fair
	good
	good
	good
	good
	good
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Figure 22.  Total # of Individuals Collected in Full Fish Surveys.
Comparison of pool dwelling fish IBI scores or individual metric scores did not differ significantly between pre-and post-implementation monitoring (Table 15 and Table 16).  
Fish lengths were recorded during pool dwelling fish quarterly surveys as an indicator of biomass.  In general, median lengths of the various species did not differ significantly between pre- and post-implementation periods (Figure 23).  However, comparison between median length for largemouth bass did not differ significantly in Peacheater Creek between pre- and post-implementation, but median length was significantly lower in Tyner Creek during the post-implementation period than pre-implementation period.  Sample size was relatively low (Tyner pre- n = 4 while Tyner post-n = 8); therefore the difference may be an artifact of low sample size.

In general, the lack of significant differences between pre- and post- implementation fish communities and the lack of significant differences between corresponding habitat scores suggests that the implementation that occurred had a greater impact on water chemistry than it did on habitat.  In addition, it is likely that habitat is the factor limiting fish communities in these streams as opposed to water quality. 

Table 14.  Post-implementation Fish IBI Scores for Peacheater and Tyner Creeks.
	Metric
	6-19-03
	6-23-03
	7-14-03
	7-15-03
	7-16-03
	23-Jul-03
	28-Jul-03
	7-Jun-05
	8-Jun-05
	9-Jun-05
	14-Jun-05
	15-Jun-05
	16-Jun-05
	11-Aug-05

	
	TB1
	PE1
	TDS
	TB5
	TB2
	PE3
	PE2
	PE5
	PE4a
	TB4
	TB1
	TB2
	TB5
	TB4
	PE1
	PE2
	PE3
	PE5
	PE4a

	# 1- Total # of species
	5
	5
	3
	3
	5
	5
	5
	3
	3
	3
	5
	5
	3
	3
	5
	5
	5
	3
	3

	#2- # of Darter Species
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	3
	3
	5
	5
	5
	5

	# 3 # of sunfish species
	5
	5
	3
	1
	1
	3
	3
	1
	1
	1
	5
	5
	1
	1
	1
	3
	1
	1
	1

	#4  # of Sucker Species
	3
	3
	1
	1
	5
	3
	5
	1
	3
	1
	3
	5
	1
	1
	3
	5
	5
	1
	1

	# 5- # of Intolerant Species
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	#6 proportion of individuals as tolerant species
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	#7 Proportion of individuals as omnivores
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	#8- Proportion of individuals as insectivores
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	3
	5
	5
	5
	5
	5
	3
	3

	#9- Proportion of individuals as top carnivores
	1
	3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	#10 – Total # individuals
	3
	5
	5
	5
	5
	5
	5
	5
	5
	5
	3
	5
	5
	5
	3
	3
	5
	5
	5

	IBI Score
	42
	46
	38
	36
	42
	42
	44
	36
	38
	36
	42
	44
	36
	34
	36
	42
	42
	34
	34

	IBI Rating
	good
	excellent
	good
	fair
	good
	good
	good
	fair
	good
	fair
	good
	good
	fair
	fair
	fair
	good
	good
	fair
	fair


Table 15.  Pre-Implementation Pool-Dwelling Fish Metric Scores.

	Date
	Site ID
	# of species
	# of darters
	# of sunfish species
	# of suckers
	# of intolerant species
	# tolerant species
	proportion individuals as omnivores
	proportion individuals as insectivores
	proportion individuals as top carnivores
	total number of individuals
	Pool IBI

	6/3/1996
	TB1
	1
	1
	3
	3
	3
	5
	5
	5
	3
	1
	30

	7/22/1996
	TB4
	1
	1
	1
	3
	1
	5
	5
	5
	1
	1
	24

	7/22/1996
	TB5
	1
	1
	1
	3
	1
	5
	5
	3
	1
	1
	22

	7/29/1996
	PE1
	3
	1
	5
	5
	3
	3
	5
	5
	3
	3
	36

	8/1/1996
	PE2
	1
	1
	3
	5
	3
	5
	5
	5
	5
	3
	36

	8/1/1996
	PE3
	3
	1
	3
	5
	3
	5
	5
	3
	3
	3
	34

	8/1/1996
	TB1
	1
	1
	1
	3
	3
	5
	5
	5
	5
	3
	32

	8/1/1996
	TB2
	1
	1
	5
	3
	3
	3
	5
	5
	5
	3
	34

	8/15/1996
	TB3
	1
	1
	1
	5
	3
	5
	5
	3
	1
	3
	28

	8/16/1996
	TDS
	1
	1
	1
	5
	3
	5
	5
	3
	1
	3
	28

	8/22/1996
	PE5
	1
	1
	1
	1
	1
	5
	5
	1
	5
	1
	22

	8/22/1996
	PE4a
	1
	1
	1
	5
	3
	5
	5
	1
	1
	1
	24

	1/24/1997
	TB1
	1
	1
	3
	3
	3
	5
	5
	5
	5
	1
	32

	1/24/1997
	TB5
	1
	1
	1
	3
	1
	3
	5
	5
	1
	1
	22

	1/24/1997
	TB4
	1
	1
	1
	3
	1
	5
	5
	5
	1
	1
	24

	1/31/1997
	PE1
	1
	1
	3
	3
	3
	5
	5
	5
	3
	1
	30

	1/31/1997
	PE2
	1
	1
	3
	5
	3
	5
	5
	5
	1
	1
	30

	1/31/1997
	PE4a
	1
	1
	1
	3
	1
	5
	5
	3
	1
	1
	22

	2/14/1997
	PE5
	1
	1
	1
	1
	1
	5
	5
	1
	1
	1
	18

	2/14/1997
	TB2
	1
	1
	3
	3
	3
	3
	5
	1
	3
	1
	24

	2/14/1997
	TB3
	1
	1
	1
	3
	1
	5
	5
	5
	1
	1
	24

	5/28/1997
	PE3
	1
	1
	5
	3
	3
	5
	5
	5
	3
	1
	32

	5/28/1997
	PE4a
	1
	1
	1
	3
	1
	5
	5
	3
	1
	1
	22

	6/3/1997
	TB1
	1
	1
	3
	3
	3
	5
	5
	5
	3
	1
	30

	6/3/1997
	TB3
	1
	1
	1
	3
	3
	5
	5
	3
	1
	1
	24

	6/3/1997
	TB5
	1
	1
	1
	3
	1
	5
	5
	3
	1
	1
	22

	6/4/1997
	PE1
	1
	1
	3
	3
	3
	5
	5
	5
	1
	1
	28

	6/4/1997
	PE5
	1
	1
	1
	3
	1
	5
	5
	1
	1
	1
	20

	6/5/1997
	PE2
	3
	1
	5
	3
	3
	3
	5
	5
	3
	1
	32

	6/5/1997
	TB2
	3
	1
	5
	5
	3
	5
	5
	5
	5
	1
	38

	6/5/1997
	TB4
	1
	1
	1
	3
	3
	5
	5
	3
	1
	1
	24

	Date
	Site ID
	# of species
	# of darters
	# of sunfish species
	# of suckers
	# of intolerant species
	# tolerant species
	proportion individuals as omnivores
	proportion individuals as insectivores
	proportion individuals as top carnivores
	total number of individuals
	Pool IBI

	8/7/1997
	PE5
	1
	1
	1
	3
	1
	5
	5
	5
	1
	1
	24

	8/7/1997
	TB5
	1
	1
	1
	3
	1
	5
	5
	3
	1
	1
	22

	8/8/1997
	TB1
	1
	1
	1
	3
	3
	5
	5
	5
	3
	1
	28

	8/8/1997
	TB2
	1
	1
	3
	3
	3
	3
	5
	5
	3
	1
	28

	8/8/1997
	TB3
	1
	1
	1
	3
	1
	5
	5
	5
	1
	1
	24

	8/11/1997
	PE1
	1
	1
	3
	3
	3
	5
	5
	5
	3
	1
	30

	8/26/1997
	PE4a
	1
	1
	1
	3
	3
	5
	5
	5
	1
	3
	28

	8/26/1997
	TB4
	1
	1
	1
	1
	1
	5
	5
	3
	1
	1
	20


Table 16.  Post-Implementation Pool Dwelling Fish Metric Scores.

	Date
	Site ID
	# of species
	# of darters
	# of sunfish species
	# of suckers
	# of intolerant species
	# tolerant species
	proportion individuals as omnivores
	proportion individuals as insectivores
	proportion individuals as top carnivores
	total # of individuals
	Pool IBI

	11/20/2003
	TB5
	1
	1
	1
	3
	1
	5
	5
	5
	1
	1
	24

	11/21/2003
	TB4
	1
	1
	1
	1
	1
	5
	5
	5
	1
	1
	22

	11/21/2003
	PE5
	1
	1
	1
	1
	1
	5
	5
	1
	1
	1
	18

	12/4/2003
	PE4a
	1
	1
	1
	1
	1
	5
	5
	5
	1
	1
	22

	12/4/2003
	TB2
	1
	1
	1
	3
	5
	5
	5
	5
	5
	1
	32

	12/4/2003
	TB1
	1
	1
	1
	3
	3
	5
	5
	5
	5
	1
	30

	12/17/2003
	PE3
	1
	1
	1
	1
	1
	5
	5
	5
	1
	1
	22

	12/17/2003
	PE2
	1
	1
	3
	3
	3
	5
	5
	5
	5
	1
	32

	3/16/2004
	PE4a
	1
	1
	1
	3
	1
	5
	5
	5
	1
	1
	24

	3/16/2004
	PE3
	1
	1
	1
	1
	1
	5
	5
	5
	1
	1
	22

	3/16/2004
	PE2
	1
	1
	3
	1
	1
	5
	5
	5
	5
	1
	28

	3/16/2004
	PE1
	1
	1
	5
	3
	3
	1
	5
	5
	5
	1
	30

	4/1/2004
	TB2
	1
	1
	3
	3
	3
	5
	5
	5
	5
	1
	32

	4/1/2004
	TB1
	1
	1
	1
	3
	1
	5
	5
	5
	1
	1
	24

	4/6/2004
	TB4
	1
	1
	3
	1
	1
	5
	5
	3
	5
	1
	26

	4/6/2004
	TB5
	1
	1
	3
	3
	3
	3
	5
	5
	3
	1
	28

	4/6/2004
	PE5
	1
	1
	1
	1
	1
	5
	5
	3
	1
	1
	20

	6/2/2004
	TB1
	1
	1
	1
	1
	1
	5
	5
	5
	1
	1
	22

	6/2/2004
	TB2
	1
	1
	3
	3
	3
	5
	5
	5
	5
	1
	32

	6/3/2004
	PE1
	3
	1
	5
	3
	3
	5
	5
	5
	5
	1
	36

	6/4/2004
	TB4
	1
	1
	1
	1
	1
	5
	5
	5
	1
	1
	22

	6/4/2004
	PE2
	1
	1
	3
	3
	3
	5
	5
	5
	5
	1
	32

	6/8/2004
	PE3
	1
	1
	1
	1
	1
	5
	5
	3
	1
	1
	20

	6/8/2004
	PE4a
	1
	1
	1
	3
	1
	5
	5
	5
	1
	1
	24

	6/15/2004
	PE5
	1
	1
	1
	1
	1
	5
	5
	1
	1
	1
	18

	8/4/2004
	TB5
	1
	1
	3
	1
	1
	5
	5
	3
	3
	1
	24

	9/22/2004
	TB1
	1
	1
	3
	3
	3
	5
	5
	5
	3
	1
	30

	9/22/2004
	TB2
	1
	1
	3
	3
	3
	5
	5
	5
	3
	1
	30

	9/23/2004
	TB4
	1
	1
	1
	1
	1
	5
	5
	3
	1
	1
	20

	9/23/2004
	TB5
	1
	1
	1
	1
	1
	5
	5
	3
	1
	1
	20

	9/23/2004
	PE1
	1
	1
	1
	1
	1
	5
	5
	5
	5
	1
	26

	10/7/2004
	PE2
	1
	1
	1
	1
	1
	5
	5
	3
	5
	1
	24

	10/12/2004
	PE3
	1
	1
	1
	1
	1
	5
	5
	3
	3
	1
	22

	10/12/2004
	PE5
	1
	1
	1
	1
	1
	5
	5
	3
	1
	1
	20

	11/16/2004
	TB5
	1
	1
	1
	3
	1
	5
	5
	5
	1
	1
	24

	11/16/2004
	TB4
	1
	1
	3
	1
	1
	5
	5
	3
	5
	1
	26

	11/16/2004
	TB2
	1
	1
	3
	3
	5
	5
	5
	5
	5
	1
	34

	12/28/2004
	PE3
	1
	1
	1
	3
	3
	5
	5
	5
	1
	1
	26

	12/28/2004
	PE1
	1
	1
	3
	3
	3
	5
	5
	5
	5
	1
	32

	12/28/2004
	PE2
	1
	1
	3
	5
	5
	5
	5
	5
	5
	1
	36

	12/28/2004
	PE5
	1
	1
	1
	1
	1
	5
	5
	3
	1
	1
	20

	12/28/2004
	TB1
	1
	1
	3
	3
	3
	5
	5
	5
	3
	1
	30

	2/3/2005
	PE4a
	1
	1
	1
	3
	1
	5
	5
	5
	1
	1
	24

	3/28/2005
	PE2
	1
	1
	5
	3
	5
	5
	5
	3
	5
	1
	34

	3/29/2005
	PE1
	1
	1
	1
	3
	1
	5
	5
	5
	1
	1
	24

	6/7/2005
	TB1
	1
	1
	3
	3
	3
	5
	5
	5
	3
	1
	30

	6/8/2005
	TB2
	1
	1
	5
	3
	5
	5
	5
	3
	5
	1
	34

	6/8/2005
	TB5
	1
	1
	1
	1
	1
	5
	5
	3
	3
	1
	22

	6/9/2005
	TB4
	1
	1
	1
	1
	1
	5
	5
	5
	1
	1
	22

	6/14/2005
	PE1
	1
	1
	1
	3
	3
	5
	5
	5
	1
	1
	26

	6/15/2005
	PE2
	1
	1
	3
	3
	5
	5
	5
	5
	3
	1
	32

	6/16/2005
	PE3
	1
	1
	1
	1
	1
	5
	5
	3
	1
	1
	20

	6/16/2005
	PE5
	1
	1
	1
	1
	1
	5
	5
	3
	1
	1
	20

	8/11/2005
	PE4a
	1
	1
	1
	3
	1
	5
	5
	3
	1
	1
	22
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Figure 23.  Fish Length Comparison Between Pre- and Post-Implementation Periods.
BENTHIC MACROINVERTEBRATES

Collection of macroinvertebrates was attempted at all sites for both the winter and summer index periods during pre- and post-implementation monitoring periods according to procedures outlined in the OCC SOPs.  Index periods represent seasons of relative community stability that afford opportunity for meaningful site comparisons.  For Oklahoma, the summer index occurs from July 1 to September 15; the winter index is from January 1 to March 15.  Sampling efforts included attempts to procure animals from all available habitats at a site; thus, total effort at a site may entail up to three total samples with one from each of the following habitats:  rocky riffles, streamside vegetation, and woody debris.

Collection methods involved sampling each of the habitats similar to methods outlined in the EPA Rapid Bioassessment Protocols (Plafkin et al., 1989). Riffle sampling effort consisted of three, one meter squared kicknet samples in areas of rocky substrate reflecting the breadth of the velocity regime at a site. Riffles with substrates of bedrock or tight clay were not sampled.  Any streamside vegetation in the current that appeared to offer fine structure was sampled by agitation within a #30 mesh dip net for three minutes total agitation time.  Any dead wood with or without bark which was in current fast enough to offer suitable habitat for organisms was sampled by agitation or by scraping/brushing upstream of a #30 mesh dip net for 5 minutes.  Woody debris sampled generally ranged in size from 1/4" to about 8" in diameter.  Each sample type was preserved independently in quart mason jars with ethanol, labeled, and sent to a professional taxonomist for picking and identification. 

Data was compiled, collated by year, season, and sample type and entered into a spreadsheet for metric calculations.  The six metrics used to assess the macroinvertebrate community include the following:

(1) The number of taxa refers to the total number of taxonomically different types of animals in the sample.  As is the case with the fish, this number rises with increasing water and/or habitat quality (Plafkin et al., 1989).

(2) The Modified Hilsenhoff Biotic Index (HBI) is a measure of the invertebrate community’s tolerance to organic pollution.  It ranges between 0 and 10 with 0 being the most pollution sensitive.  The index used in the RBP Manual is based on the pollution tolerance of invertebrates from the upper Midwest.  The Index used here is calculated the same way, but uses tolerance values of North Carolina invertebrates (Plafkin et al., 1989).

(3) The percent EPT is a measure of how many individuals in the sample are members of the EPT group.  This metric helps to separate high quality streams from those of moderately high quality.  The highest quality streams will have many individuals of many different taxa of EPT.  As conditions deteriorate, animals will begin to die or to drift downstream.  At this point, the community will still have many taxa of EPT, but there will be fewer individuals (Plafkin et al., 1989).

(4) The EPT Index is the number of different taxa from the orders Ephemeroptera, Plecoptera, and Trichoptera, the mayflies, stoneflies, and caddis flies respectively.  With few exceptions, these insects are more sensitive to pollution than any other groups.  As a stream deteriorates in quality, members of this group will be the first to disappear.  This robust metric allows discrimination between all but the worst of streams (Plafkin et al., 1989).

(5) Percent dominant two taxa is the percentage of the collection composed of the most common two taxa.  As more and more species are excluded by increasing pollution, the remaining species can increase in numbers due to the unused resources left by the excluded animals.  This metric helps to separate the high quality streams from those of moderate quality (Plafkin et al., 1989).

(6) The Shannon-Weaver Species Diversity Index measures the evenness of the species distribution.  It increases as more and more taxa are found in the collection and as individual taxa become less dominant.  This metric increases with increasing biotic quality (Plafkin et al., 1989).

Although samplers attempted to collect samples from all sample types (e.g. riffle, vegetation, woody), riffle samples were most consistently available for collection and therefore, data analysis centers around riffle samples.  Descriptive statistics for pre- and post-implementation periods summer and winter seasons for each site were determined via Minitab V. 14 and were compared to the average respective metric of high-quality streams in the ecoregion.  A bioassessment score was calculated similarly to the IBI score for fish.  For each site, scores of 6, 4, 2, or 0 were assigned for each metric (according to the criteria in Table 17, below) and then summed to get a total bioassessment score for each site, with a maximum of 36 points.  For taxa richness and EPT taxa richness, the percentages used to assign scores were obtained by dividing each monitoring site metric by the average high quality site metric in a particular ecoregion.  For the HBI metric, the high quality site value was divided by the monitoring site value (high quality site metric / monitoring site metric).  For the remaining metrics, the score was based on the actual values obtained instead of being relative to the high quality site metric.  Each monitoring site’s total score was then compared to the average high quality sites’ total score (in that ecoregion) and classified according to the condition gradient outlined in Table 18, below (adapted from Plafkin et al., 1989).  Results are seen in Table 19 and Table 20 and Figure 24 and Figure 25.
Table 17.  Bioassessment scoring criteria for macroinvertebrates.  *Modified HBI .

	Metrics
	6
	4
	2
	0

	Taxa Richness**
	>80%
	60-80%
	40-60%
	<40%

	Modified Hilsenhoff Biotic Index* (***)
	>85
	70-85
	50-70
	<50

	Ratio of Scrapers and Filterers
	 
	 
	 
	 

	EPT/Total***
	>30%
	20-30%
	10-20%
	<10%

	EPT Taxa**
	>90%
	80-90%
	70-80%
	<70%

	% Dominant 2 Taxa**
	<20%
	20-30%
	30-40%
	>40%

	Shannon-Weaver***
	>3.5
	2.5-3.5
	1.5-2.5
	<1.5


Table 18.  Bioassessment score interpretation for macroinvertebrates.

	% Comparison to the Reference Score
	Biological Condition
	Characteristics

	>83%
	Non-impaired
	Comparable to the best situation expected in that ecoregion; balanced trophic and community structure for stream size

	54 - 79%
	Slightly Impaired
	Community structure and species richness less than expected; percent contribution of tolerant forms increased and loss of some intolerant species 

	21 - 50%
	Moderately Impaired
	Fewer species due to loss of most intolerant forms; reduction in EPT index

	<17%
	Severely Impaired
	Few species present; may have high densities of 1 or 2 taxa


Table 19.  Peacheater Creek Macroinvertebrate Metric Scores.

	Site
	WBID
	Implementation Period
	Winter or Summer
	Total Species
	EPT Taxa
	Percent EPT
	Shannon Diversity
	HBI
	% Dominant 2 Taxa
	Total Points
	% of Reference

	PE1 
	OK121700-05-0120B
	Pre
	S
	17
	9
	0.553
	1.8620
	4.4469
	0.0273
	32
	0.89

	 
	 
	Post
	S
	26
	12
	0.706
	2.5209
	4.5204
	0.0211
	34
	0.94

	
	
	Pre
	W
	22
	13
	0.556
	2.1467
	4.2979
	0.0730
	32
	0.89

	
	
	Post
	W
	22
	12
	0.638
	2.5385
	3.8361
	0.0350
	34
	0.94

	PE2
	OK121700-05-0120F
	Pre
	S
	23
	11
	0.664
	2.4318
	4.4933
	0.0140
	32
	0.89

	
	
	Post
	S
	22
	10
	0.668
	2.5014
	4.2109
	0.0575
	34
	0.94

	
	
	Pre
	W
	26
	15
	0.451
	2.4789
	4.7027
	0.1222
	34
	0.94

	
	
	Post
	W
	25
	12
	0.478
	2.6993
	4.0225
	0.0332
	34
	0.94

	PE3
	OK121700-05-0120I
	Pre
	S
	24
	9.7
	0.606
	2.5667
	4.3790
	0.0235
	34
	0.94

	
	
	Post
	S
	23
	11
	0.533
	2.4677
	4.3831
	0.0397
	34
	0.94

	
	
	Pre
	W
	18
	11
	0.719
	1.9103
	4.2936
	0.0249
	32
	0.89

	
	
	Post
	W
	36
	17
	0.559
	2.9412
	3.8672
	0.0100
	34
	0.94

	PE4a
	OK121700-05-0120L
	Pre
	S
	19
	8.7
	0.712
	2.2797
	4.1498
	0.0553
	32
	0.89

	
	
	Post
	S
	21
	11
	0.685
	2.5024
	4.4857
	0.0194
	34
	0.94

	
	
	Pre
	W
	19
	12
	0.590
	2.1007
	4.5020
	0.0963
	32
	0.89

	
	
	Post
	W
	23
	12
	0.473
	2.5681
	4.2769
	0.0528
	34
	0.94

	PE5
	OK121700-05-0120Q
	Pre
	S
	21
	10
	0.736
	2.3421
	4.1857
	0.0533
	32
	0.89

	
	
	Post
	S
	25
	12
	0.733
	2.5864
	4.0887
	0.0149
	34
	0.94

	
	
	Pre
	W
	20
	12
	0.793
	2.2810
	4.0009
	0.0348
	32
	0.89

	
	
	Post
	W
	25
	12
	0.376
	2.5137
	4.2741
	0.0102
	34
	0.94

	Average Peacheater

Creek Sites
	Pre
	S
	21
	9.6
	0.654
	2.2964
	4.3012
	0.0438
	32
	0.89

	
	Post
	S
	23
	11
	0.665
	2.5158
	4.3378
	0.0305
	34
	0.94

	
	Pre
	W
	21
	13
	0.622
	2.1835
	4.3892
	0.0611
	32
	0.89

	
	Post
	W
	26
	13
	0.505
	2.6522
	4.0554
	0.0282
	34
	0.94


Table 20.  Benthic Macroinvertebrate Metric Scores in Tyner Creek.

	Site
	WBID
	Implementation Period
	Winter or Summer
	Total Species
	EPT Taxa
	Percent EPT
	Shannon Diversity
	HBI
	% Dominant 2 Taxa
	Total Points
	% of Reference

	TDS 
	OK121700-05-0090N
	Pre
	S
	19
	8.3
	0.589
	2.2191
	4.2664
	0.1412
	32
	0.89

	 
	 
	Post
	S
	26
	14
	0.559
	2.8052
	4.3514
	0.1532
	34
	0.94

	
	
	Pre
	W
	21
	13
	0.626
	2.5428
	4.2008
	0.1706
	34
	0.94

	
	
	Post
	W
	24
	13
	0.431
	2.4328
	4.1000
	0.0183
	32
	0.89

	TB1
	OK121700-05-0090G
	Pre
	S
	22
	9
	0.522
	2.4630
	4.2829
	0.0433
	34
	0.94

	
	
	Post
	S
	19
	7.5
	0.534
	2.1959
	4.2219
	0.0261
	30
	0.83

	
	
	Pre
	W
	22
	13
	0.525
	2.5926
	3.6285
	0.0704
	34
	0.94

	
	
	Post
	W
	25
	15
	0.674
	2.6287
	3.8260
	0.0833
	34
	0.94

	TB2
	OK121700-05-0090I
	Pre
	S
	23
	10
	0.592
	2.4869
	4.2066
	0.0299
	34
	0.94

	
	
	Post
	S
	23
	12
	0.710
	2.3807
	4.1253
	0.0393
	32
	0.89

	
	
	Pre
	W
	28
	15
	0.473
	2.6360
	4.1621
	0.0628
	34
	0.94

	
	
	Post
	W
	22
	15
	0.509
	2.5484
	3.7830
	0.3396
	30
	0.83

	TB3
	OK121700-05-0090K
	Pre
	S
	22
	9
	0.733
	2.3311
	4.2422
	0.0149
	32
	0.89

	
	
	Post
	S
	
	
	
	
	
	
	
	

	
	
	Pre
	W
	24
	15
	0.723
	2.4772
	3.3599
	0.0285
	32
	0.89

	
	
	Post
	W
	
	
	
	
	
	
	
	

	TB4
	OK121700-05-0090M
	Pre
	S
	20
	10
	0.678
	2.3254
	4.0979
	0.0324
	32
	0.89

	
	
	Post
	S
	14
	6
	0.759
	1.8352
	4.2581
	0.0603
	24
	0.67

	
	
	Pre
	W
	11
	9
	0.736
	1.6905
	4.2598
	0.2645
	22
	0.61

	
	
	Post
	W
	23
	11
	0.463
	2.2360
	4.9020
	0.3212
	28
	0.78

	TB5
	OK121700-05-0090P
	Pre
	S
	20
	9
	0.613
	2.2641
	4.4350
	0.0605
	32
	0.89

	
	
	Post
	S
	19
	8.5
	0.558
	2.0734
	4.4029
	0.0606
	32
	0.89

	
	
	Pre
	W
	22
	11
	0.624
	2.4105
	3.6228
	0.0250
	32
	0.89

	
	
	Post
	W
	23
	13
	0.713
	2.2570
	3.8026
	0.0335
	32
	0.89

	Average Tyner

Creek Sites
	Pre
	S
	21
	9.2
	0.621
	2.3483
	4.2552
	0.0537
	32
	0.89

	
	Post
	S
	20
	9.5
	0.624
	2.2581
	4.2719
	0.0679
	32
	0.89

	
	Pre
	W
	21
	13
	0.618
	2.3916
	3.8723
	0.1036
	32
	0.89

	
	Post
	W
	23
	13
	0.558
	2.4206
	4.0827
	0.1592
	32
	0.89
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Figure 24.  Peacheater  Creek Macroinvertebrate Metrics:  Comparison of Pre-Implementation to Post-Implementation.
Figure 25.  Tyner Creek Macroinvertebrate Metrics:  Comparison of Pre-Implementation to Post-Implementation.[image: image55.jpg]




Individual metrics do not differ significantly between pre- and post-implementation in either Peacheater or Tyner Creeks, other than % EPT Taxa in Tyner Creek is significantly different between summer and winter indexing periods, but not between pre- and post- implementation.  However, summer indexing period total scores and total scores as a percent of reference were significantly higher in Peacheater post-implementation than during pre-implementation (Table 21).  There was no corresponding significant difference between pre- and post-implementation scores in Tyner Creek, suggesting that the Peacheater improvement was not due to more favorable weather conditions, but rather to effects of implementation. 
Table 21.  Mann-Whitney Results for Benthic Macroinvertebrate Scores.

	
	Pre-Implementation
	Post-Implementation
	

	Stream
	N
	Median
	N
	Median
	Significance

	Total Score
	
	
	
	
	

	Peacheater
	19
	29
	10
	34
	α =0.0001

	Tyner
	21
	32
	10
	30
	α = 0.4469


Peacheater and Tyner Creek benthic macroinvertebrate scores indicated that overall, the benthic communities were not impaired during either the pre- or post- implementation period.  Although scores for the winter indexing period were not significantly different between pre- and post-implementation, the improvement in summer index period scores in Peacheater Creek is important since summer index period scores generally represent the poorest communities.

PRIMARY PRODUCTIVITY

Microorganisms growing on stones, woody debris, aquatic macrophytes, and other submerged surfaces often result from water pollution and are collectively termed periphyton.  Periphyton refers to a group of organisms, which include the zoogleal and filamentous bacteria, attached protozoa, rotifers, and algae, and the free-living microorganisms that swim, creep, or lodge among the attached forms.  Periphyton is a useful evaluation measurement because the abundance and composition of the periphyton community at a given location is related to the water quality at that point.  The periphyton itself is often the undesired component of a stream; the pollutant is the cause.
The use of periphyton in assessing water quality is hindered by the lack of suitable natural habitat occupying proper conditions with a known history.  To compensate for these limitations, an artificial substrate (2.5 inch glass rods) was deployed with a known area, known light exposure, known current exposure, and for a set period of time.  The periphyton that grows on the substrate was collected and quantified using a chlorophyll-a and phaeophyton evaluation processes.  Chlorophyll-a concentration is directly related to the amount of periphyton.  Higher periphyton growth rate equates to higher stream productivity.  High productivity can be an indication of excessive nutrient levels.

Glass rod periphytometers were deployed for fourteen day set times quarterly both the pre- and post-implementation periods.  Comparison of overall chlorophyll-a concentrations in Peacheater and Tyner creeks during pre- and post-implementation periods suggests that median values were higher in both creeks during the post-implementation period than the pre-implementation period (Table 22 and Figure 26).  This consistency between streams suggests that implementation in Peacheater did not affect periphyton productivity.  
Table 22.  Periphyton Chlorophyll-a.

	Stream
	Peacheater
	Tyner

	Period
	Pre-Implementation
	Post-Implementation
	Pre-Implementation
	Post-Implementation

	N
	294
	193
	296
	155

	Mean
	2.749
	5.119
	2.736
	5.994

	Std. Error
	0.094
	0.174
	0.086
	0.259

	Std. Deviation
	1.616
	2.416
	1.142
	3.220

	Minimum
	0.302
	0.861
	-0.080
	1.858

	25% Quartile
	1.609
	3.412
	1.688
	3.885

	Median
	2.544
	4.511
	2.643
	5.519

	75% Quartile
	3.594
	6.254
	3.780
	7.232

	Maximum
	9.551
	12.141
	6.753
	26.263
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Figure 26.  Periphyton Chlorophyll-a Concentrations in Peacheater and Tyner Creeks.

Increased periphyton productivity in Peacheater may be linked to decreased canopy cover evident in Peacheater Habitat surveys although this does not explain increased periphyton productivity in Tyner Creek.  One explanation for increased periphyton in Tyner Creek may be linked to decreases in the percent of fish as grazers in seen in Tyner Creek but not in Peacheater Creek (Figure 27).  Percent of macroinvertebrate populations as scrapers or those that would affect periphyton communities through grazing did not differ between pre- and post-implementation periods in either creek (Figure 28).  Therefore changes over time in benthic macroinvertebrate grazers are not a likely cause of increased periphyton productivity in Peacheater or Tyner Creeks.
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Figure 27.  Percent of Grazing (Herbivorous) Fish Collected During Pre- and Post-Implementation Periods.
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Figure 28.  Benthic Macroinvertebrate Percent Scrapers (Periphyton Grazers).
STREAMBANK EROSION

Bank erosion and the subsequent deposition of eroded material is a significant problem in the Illinois River Basin.  The water quality related problems stem not only from the addition of nutrients and turbidity from the sediment, but also the loss of habitat due to sediment/gravel deposition.  Eroded material fills in critical habitat for many aquatic species in the Illinois River and its tributaries.  Deleterious effects of streambank erosion are notable throughout the Illinois River Watershed and in Lake Tenkiller. 

These problems are notable in Peacheater and Tyner Creeks where loss and mismanagement of riparian areas have resulted in substantial streambank erosion.  Although the problem was believed to be substantial, streambank erosion had not been quantified either in terms of amount of material eroded or nutrient contribution from eroded material.  Thus, the OCC monitored streambank erosion in Peacheater and Tyner Creeks to better understand the extent of the problem.  Results were compared between the two creeks to establish a relationship in streambank erosion and sediment nutrient concentrations prior to implementation of best management practices.  Finally, streambank erosion was again assessed during post-implementation periods to see if implementation and awareness in the watershed had led to any changes in streambank erosion rates.

METHODS

Bank Erosion Measurement

Streambank erosion was measured at seven sites on Tyner Creek and four sites on Peacheater Creek.  Erosion measurements were taken at permanent benchmarks set on each bank of the stream cross section.  A tape was connected to each benchmark.  A drop (cord and plumb bob) was placed at a known interval from the reference benchmark.  A ruled riser was held plumb along the drop from the stream bottom to above the top edge of the bank.  Vertical and horizontal measurements were recorded wherever the soil type or bank slopes changed.  These measurements were taken with a ruled level.  Figure 29 illustrates the procedure.

The measurements were completed quarterly at each benchmark using identical procedures.  Erosion rates/volumes were calculated using the average soil layer thickness and the horizontal erosion distance over the one-year period, multiplied by the eroded bank length.

Bank Soil Nutrient Sampling

Soil samples were taken from each soil layer based on the given layer’s proportion of the total cross-sectional erosion area.  The layer that lost the largest area of soil was arbitrarily set at 64 ounces of soil sample volume.  This volume was chosen to ensure enough fine material sample volume for laboratory analysis.  Each soil layer with less eroded surface area composed the equal proportion to which the layer eroded.  For 
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Figure 29.  Bank Erosion Measurement.
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example, if the subsoil 1 (SS1) layer lost 4 ft2 and the topsoil (TS) lost 2 ft2 of soil, then 64 ounces of soil were taken from the SS1 and 21 ounces were taken from the TS.  The samples were processed through a 2 mm mesh and the volume of fines was recorded.  The fine material was then packed, placed on ice, and shipped to the laboratory for nutrient analysis.  The volume of coarse material was measured through volume displacement and recorded.  
Quantifying Nutrient Loading
Nutrient loading was calculated using an actual measured soil density constant, bank erosion volume, and bank soil nutrient concentration.
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where:
NL:
nutrient load from bank



SD:  
soil density constant



EV:  
erosion volume



N:    
nutrient concentration

Soil Density Constant
The soil density constant (SD) was calculated from actual soil measurements.  One quart of topsoil and one quart of subsoil was collected from one bank at Tyner Creek and one bank at Peacheater Creek and processed (sieved) identically to those sent to the laboratory for analysis.  The processed soil was then weighed on a triple beam balance at the NSU Biology Department.  The average weight was used to calculate the soil density constant.


Subsoil:
Tyner Creek (TB5) 1 quart = 1007 grams




Peacheater Creek (PE5) 1 quart = 1006.5 grams


Topsoil:
Tyner Creek (TB5) 1 quart = 965 grams




Peacheater Creek (PE5) 1 quart = 894 grams




Average = 968 g/qt
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Average Nutrient Loading (kg/ft2/yr)

Average nutrient loading was calculated by dividing the total loading of the bank by the surface area of the bank (length * average height).

The average nutrient loading for lower Tyner Creek, upper Tyner Creek, and Peacheater Creek was calculated by dividing the total loading by all banks monitored in each stream by the total bank surface of the monitored banks.

Bank Material Composition
[image: image60.jpg]


The proportion of fine and coarse material was measured at each monitored bank during nutrient sampling.  The percent fines (<2mm) and percent coarse (>2mm) was calculated for each stream section by dividing the estimated volume of each by the total estimated volume of both material types from all banks monitored.

where:
%EF:
percent eroded fines



EF:
estimated volume eroded fines



TEM:
total estimated volume eroded material

RESULTS

Erosion Rates

Average horizontal erosion areas for each site compared between pre- and post-implementation are seen in Table 23 and Figure 30.  Differences in average horizontal 
Table 23.  Comparison of Pre- and Post- Implementation Streambank Erosion in Peacheater and Tyner Creeks.

	
	
	Horizontal Erosional Area (ft2)
	Site Average Horizontal Erosional Area (ft2)
	Stream Average Horizontal Erosional Area (ft2)

	Site
	Pin
	Pre
	Post
	Pre
	Post
	Pre
	Post

	PE2
	1
	6.5
	1.93
	3.166667
	6.46
	6.46
	2.754368

	PE2
	2
	1.8
	10.99
	
	
	
	

	PE2
	3
	1.2
	
	
	
	
	

	PE3
	1
	2.1
	1.3878
	5.85
	1.425117
	
	

	PE3
	2
	
	1.1403
	
	
	
	

	PE3
	3
	9.6
	1.74725
	
	
	
	

	PE4a
	1
	21
	5.1
	16.75
	3.401
	
	

	PE4a
	2
	
	1.38
	
	
	
	

	PE4a
	3
	12.5
	3.723
	
	
	
	

	PE5
	1
	1.7
	1.68
	3.3
	0.966567
	
	

	PE5
	2
	3.7
	-1.5028
	
	
	
	

	PE5
	3
	4.5
	2.7225
	
	
	
	

	TB1
	1
	17.2
	2.3235
	12.23333
	2.763933
	7.725789
	6.43658

	TB1
	2
	9.1
	3.3508
	
	
	
	

	TB1
	3
	10.4
	2.6175
	
	
	
	

	TB2
	1
	8
	27.38
	5.666667
	14.01227
	
	

	TB2
	2
	4.4
	7.9598
	
	
	
	

	TB2
	3
	4.6
	6.697
	
	
	
	

	TB3
	1
	2.5
	
	6.233333
	
	
	

	TB3
	2
	5.6
	
	
	
	
	

	TB3
	3
	10.6
	
	
	
	
	

	TB4 
	1
	5.1
	4.711
	5.533333
	4.611
	
	

	TB4 
	2
	7.7
	1.949
	
	
	
	

	TB4 
	3
	3.8
	7.173
	
	
	
	

	TB5
	1
	
	2.3558
	12.1
	3.572217
	
	

	TB5
	2
	
	6.3086
	
	
	
	

	TB5
	3
	12.1
	2.05225
	
	
	
	

	TE1
	1
	4.8
	
	2.296667
	
	
	

	TE1
	2
	0.69
	
	
	
	
	

	TE1
	3
	1.4
	
	
	
	
	

	TE2
	1
	15.6
	15.7851
	12.93333
	7.223483
	
	

	TE2
	2
	0.6
	2.3266
	
	
	
	

	TE2
	3
	22.6
	3.55875
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Figure 30.  Horizontal Erosional Areas During the Project Period.
erosion area between pre- and post- implementation period were greater at some sites than at others.  Pre-Implementation erosion at PE4a was significantly greater than post-implementation erosion, but comparison between the two periods at the remaining sites did not necessarily indicate the same trend.  
However, when the erosional areas from the major eroding banks in Peacheater were compared between the pre- and post-implementation period, analysis suggested that pre-implementation median erosion of 4.1 ft2 was significantly greater at the 90% confidence level than post-implementation erosion of 1.7 ft2 based on a Mann-Whitney Test (α = 0.098) (Table 24).  Comparison of erosional areas from Tyner Creek between pre- and post-implementation periods did not indicate a significant difference between median values (pre- implementation median = 5.6 ft2 and post-implementation = 3.6 ft2, (α = 0.28).  This comparison suggests that the implementation in Peacheater may have reduced streambank erosion.  

Table 24.  Mann-Whitney Analyses of Pre- and Post-Implementation Streambank Erosion.

	
	Pre-Implementation
	Post-Implementation
	

	Stream
	N
	Median
	N
	Median
	Significance

	Peacheater
	10
	4.100
	11
	1.747
	α = 0.0980

	Tyner
	19
	5.600
	15
	3.559
	α = 0.2823


Comparison of pre- and post-implementation aerial photography (Figure 31 and Figure 32) suggests that a similar amount of pasture clearing occurred in both watersheds during the project period. Therefore it is unlikely that more significant development in Tyner Creek than Peacheater Creek led to the comparable decreases changes in Peacheater Creek streambank erosion.  
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Figure 31.  Comparison of Peacheater Forest Clearing Between Pre- and Post-Implementation Periods (1995 black and white, 2003 color).
Figure 32.  Tyner Creek Pasture Clearing During the Project Period.
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Nutrient Loading
Particle size analyses for the post-implementation period were assumed to be similar to the pre-implementation period and therefore not repeated.  In addition, nutrient analyses of post-implementation streambank sites were not repeated at as many sites due to budget constraints.  Comparison between measured pre- and post-implementation nutrient concentrations in streambank sediments are seen in Table 25.  Comparison of pre- and post-implementation values at the three sites suggest that concentrations of nitrogen and phosphorus in streambanks may be higher during the post-implementation period than during pre-implementation.  
Table 25.  Comparison in Streambank Sediment Nutrient Concentrations Between Pre- and Post-Implementation Periods.

	Site
	Period
	ammonia
	kjeldahl
	nitrate
	nitrite
	TN
	oP
	TP

	
	
	mg/kg
	mg/kg
	mg/kg
	mg/kg
	mg/kg
	mg/kg
	mg/kg

	PE5
	Pre
	15.99
	894.67
	6.91
	0.04
	901.33
	2.44
	133.77

	PE5
	Post
	4.49
	1,190.00
	5.41
	1.12
	1197.00
	0.33
	182.70

	TB2
	Pre
	13.97
	1042.67
	5.08
	0.05
	1048.00
	1.21
	91.97

	TB2
	Post
	7.90
	933.30
	6.39
	0.94
	941.00
	0.59
	193.20

	TB4 
	Pre
	4.33
	300.64
	603.66
	8.05
	296.67
	611.00
	22.86

	TB4 
	Post
	2.41
	841.40
	10.56
	0.10
	852.00
	0.18
	162.60


Average nutrient loadings are summarized in Table 26.  Loadings were calculated based on particle size analyses from the pre-implementation period based on the assumption that particle size did not differ significantly over time.  Comparison of pre- and post-implementation results in Peacheater Creek suggest reductions in loadings, while Tyner Creek results suggest increases in nutrient loadings from streambank erosion.  This difference suggests that implementation in the Peacheater watershed reduced nutrient loading from streambank erosion.

Table 26.  Estimated Nutrient Loading Rates from Streambank Erosion.

	Site
	Period
	ammonia
	kjeldahl
	nitrate
	nitrite
	TN
	oP
	TP

	
	
	kg/ft2/yr
	kg/ft2/yr
	kg/ft2/yr
	kg/ft2/yr
	kg/ft2/yr
	kg/ft2/yr
	kg/ft2/yr

	PE5
	Pre
	2.64 X 10-4
	1.48 X 10-2
	1.14 X 10-4
	6.06 X 10-7
	1.49 X 10-2
	4.04 X 10-5
	2.21 X 10-3

	PE5
	Post
	3.07 X 10-5 
	8.13 X 10-3
	3.69 X 10-5
	7.62 X 10-6
	8.17 X 10-3
	2.23 X 10-6
	1.25 X 10-3

	TB2
	Pre
	2.65 X 10-4
	2.14 X 10-2
	1.175 X 10-4
	1.02 X 10-6
	2.15 X 10-2
	2.55 X 10-5
	1.95 X 10-3

	TB2
	Post
	8.54 X 10-4
	1.01 X 10-1
	6.91 X 10-4
	1.01 X 10-4
	1.02 X 10-1
	6.36 X 10-5
	2.09 X 10-2

	TB4
	Pre
	1.96 X 10-4
	2.50 X 10-2
	2.42 X 10-4
	1.39 X 10-7
	2.47 X 10-2
	6.49 X 10-7
	2.08 X 10-3

	TB4
	Post
	6.27 X 10-5
	2.19 X 10-2
	2.75 X 10-4
	2.52 X 10-6
	2.22 X 10-2
	4.79 X 10-6
	4.23 X 10-3


Increases between pre- and post- implementation are shown in green

Decreases between pre- and post-implementation are shown in blue

CONCLUSIONS
The Illinois River and Lake Tenkiller Watershed is one of Oklahoma’s highest priority watersheds.  The river is a State Scenic River and the lake and river have been prized as a water source, natural resource, and for the recreational opportunities they support.  Lake Tenkiller and segments of the Illinois River are impaired by excess phosphorus and other causes related to eutrophication such as low dissolved oxygen.  Although Peacheater Creek does not currently violate Oklahoma Water Quality Standards, land use in the watershed and potential sources of NPS pollution are typical for the Illinois River Watershed.  In addition, Peacheater was ranked as one of the highest priority subwatersheds for reduction of nonpoint source pollution  (Sabbagh et. al 1995).
Peacheater’s watershed size, landuse characteristics, and location entirely within the State of Oklahoma made it a good candidate for demonstrating the types of practices that would be necessary to reduce the impacts of nonpoint source pollution in the Illinois River Watershed and improve water quality.  Implementation of best management practices occurred between 1999 and 2002.  Water quality monitoring prior to and following the installation of these practices allowed a comparison of the affects of the practices on water quality.

Comparisons between observed and expected values in water quality parameters in the Peacheater Creek Watershed suggest some positive results of BMP implementation.  These improvements include the following results in Peacheater Creek:

· 66% lower than expected phosphorus loading overall,  77% reduction in baseflow loading, 25% reduction in highflow loading
· 57% lower than expected total nitrogen loading overall, 47% reduction in baseflow total nitrogen loading and 29% reduction in highflow total nitrogen loading.

· 3.4% increase in dissolved oxygen concentrations overall.  4.6% increase in baseflow concentrations represents significant improvement during critical periods.

· Significantly improved benthic macroinvertebrate communities during the critical summer indexing period

· Significantly reduced streambank erosion and nutrient loading from streambank erosion.
However, implementation completed was not sufficient to show significant improvements to fish communities or overall habitat scores.  However, comparison of individual habitat metrics between pre- and post-implementation periods suggested improvements in Peacheater bank stability and bank vegetation, but a reduction in canopy cover.  

In addition, analysis of periphyton data suggested periphyton production was not reduced by the implementation completed.  This lack of improvement may have been due to the decreased canopy cover on Peacheater Creek.
Results suggest that practices implemented at a similar intensity throughout the watershed might show significant reductions in loading to downstream Lake Tenkiller, but might not be sufficient to lower phosphorus concentrations to meet water quality standards in the Illinois River.  Additional types of practices and/or more intensive implementation of practices will likely be necessary to meet water quality standards throughout the watershed.

The graph below provides an example of potential impacts of this level of implementation towards meeting water quality standards for phosphorus in streams in the Illinois River which are affected largely by nonpoint source pollution.  If implementation at this level was completed throughout the Baron Fork Watershed, load reductions might be still be insufficient to meet the 0.037 mg/L phosphorus standard.  Currently 18 of the 51 rolling geometric means or 35% of the samples violate the phosphorus criterion (OWRB, 2005).  The graph below suggests that most of the samples collected were at or below the criterion.  A ten percent reduction in concentration would be sufficient to reduce three or four of the samples currently above to allowable levels but a sufficient number of rolling geometric means would remain above the criterion to violate the standard.  However, if the current trend of lower overall concentrations in the Baron Fork from 2001 to 2005 continues, phosphorus standard attainment is in reach.
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Figure 33.  Baron Fork Nutrient Concentrations from Oklahoma Water Resources Board 2005 Beneficial Use Monitoring Report (Graph courtesy of OWRB).

The use of the paired watershed method allows us to conclude that the differences in water quality between the pre- and post-implementation periods were due to differences in management practices in the watershed.  Given that there were not significant changes in the watershed other than installation of best management practices through this 319 program and through NRCS’s EQIP program, (i.e. there was no major construction in the watershed, there wasn’t a new discharger in the watershed, etc.), it is reasonable to make that assumption.  

Although it is possible that the measured “improvements” in Peacheater water quality are due to implementation of poorer management practices in the Tyner watershed, it is unlikely.  Throughout the project period, both the Tyner and Peacheater Creek watersheds were part of a special emphasis area through the NRCS EQIP program.  Therefore, in addition to the updated animal waste management and conservation plans and BMPs implemented in the Peacheater Creek Watershed through the 319 Program, EQIP implemented additional plans and practices in both Peacheater and Tyner.  

Unfortunately, we cannot summarize the EQIP program level of implementation due to the confidentiality clause associated with Farm Bill Programs.  However, the fact that some BMPs were also implemented in the control watershed suggests that, if anything, the measured improvements in water quality in Peacheater underestimated the effects of the BMPs implemented there.  Also, any activities outside of the project such as litter movement from one watershed to the next that could have resulted in improvement in one watershed and decreases in the other are just as likely to move the opposite direction.  In other words, a landowner not participating in the program in the Tyner Creek watershed was just as likely to sell his litter to a landowner in the Peacheater Creek watershed as a Peacheater grower was to sell litter to a Tyner landowner.  

In addition, there was a significant landholder in the Peacheater watershed who chose not to participate in the program, and seemingly made changes in land management practices to go directly against the recommendations of the program by dozing riparian areas, increasing stocking rates, and allowing his pastures to be over-grazed, when prior to the program, his land management had been similar to that of his neighbors in the watershed.  

These facts further suggest that the improvements measured in Peacheater Creek underestimated the effects of the BMPs installed in the watershed through the 319 and NRCS EQIP programs.

The intensive, site-specific pre- and post-implementation monitoring using the paired watershed method was critical to documenting success of this project.  Although this type of monitoring is not inexpensive, the value of documentable water quality improvements outweighs the monetary costs.  The demonstrated value of this monitoring methodology has encouraged the Oklahoma Nonpoint Source Program to implement this monitoring whenever possible as an evaluation tool for implementation efforts.  In addition, the success demonstrated through this program has encouraged significant funding from the State legislature and local governments for similar and follow-up projects.

The project also demonstrated that in small agricultural watersheds, demonstration of water quality improvement is possible with a relatively low investment in implementation of best management practices.  Certainly additional practices can be installed in the watershed to further reduce loading, but even without 100% participation in the program, management improvements at many of the problem areas was sufficient to significantly improve water quality. 

Nonpoint source implementation projects will continue in the Illinois River Watershed to reduce the impacts on the Illinois River and Lake Tenkiller.  Both Oklahoma and Arkansas are in the process of developing Watershed Based Plans for the watershed to address pollution problems originating in their portions of the watershed.  Both States are beginning Conservation Reserve Enhancement Programs (CREP) to encourage long-term protection of riparian areas to serve as a buffer between upland development and land management and the waterbodies.  Each state will continue to support, and work cooperatively when possible, on programs to improve water quality in the watersheds.

Although monitoring in Peacheater and Tyner was ceased following completion of the project, it may be restarted in the near future to help further gage long-term impacts of ongoing programs in the watershed.  Peacheater and Tyner represent a portion of the Illinois River where development will likely be limited compared to other parts of the watershed.  Should a representative number of Peacheater/Tyner residents choose to participate in the CREP program, it would be an excellent benchmark of the long-term potential impacts of the program because its overall landuse is not likely to change as dramatically over fifteen years as the some other areas in the Illinois River Watershed are.     
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� Comparison between pre- and post-implementation monitoring data suggests nitrite concentrations have decreased approximately 54% over what was expected based on pre-implementation loading.  However, detection limits differed by an order of magnitude between the two periods.  Therefore, it is possible, that the change in nitrite concentrations was due to analytical methods rather than implementation of BMPs.


� Although nitrite post-implementation or treatment period nitrite values appear to be represented by only 3 points, n = 28, however, all readings were measured as one of three values (<0.01, < 0.02 or 0.09).


� Post-Implementation values in shaded cells were outside the quartile range of the pre-implementation period.  Green shaded values were greater than the 75th %quartile and blue shaded values were less than the 25th % quartile.
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