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Item 1:  "Provide a consistent definition of high/medium/low levels of disturbance in order for the individual projects to be able to compare information."
The following simplified technique was prepared by a team of SEMP and ERDC researchers between Jan-Apr 2001. It was sent to the research teams on 18 May 01 for testing and other responses. Trials are still underway.

The objective of the outline is to address the need of SEMP researchers to have a uniform measure of disturbance across all studies at Ft. Benning, Ga.  Possible solutions have been divided into four levels (categories).  Level 1 is directed towards addressing a short-term need to quantify disturbance at each research site.  Level 2 expands upon site description and includes more rigorous methodologies.  Level 3 addresses the long-term goal of mapping disturbance areas of Ft. Benning.  Level 4 examines solutions for identifying historic land use/disturbance patterns.

LEVEL 1: Simplified Measure of Plot (site) Disturbance

Identify a simple, repeatable means to classify disturbance on SEMP research sites.  Methods should not significantly increase the amount of time needed to complete site data collection.  The following protocols incorporate most of the comments/concerns provided by SEMP researchers.  In addition, variables; such as the vegetation classifiers, were included as an extension of the “Site Information” sheet provided by Dr. Kress at the beginning of the SEMP effort.  These additional variables would add minimal time to plot measurement and provide information for remote sensing and other analysis

1. Disturbance Measure:

Easy to implement methods based on quadrats and line transects.  Yearly measurements are suggested to track trends in disturbance. Disturbance plot layout serves as the basis for vegetation, fire and additional measurements.

· Measures of disturbance:  Suggested measures of disturbance include: 







Bare Ground 




Plant Cover




Tracked Military Disturbance




Foot Traffic 




Other Military (digging etc.)




Trail/Non-Maintained Road

· Allowing for several classifications of disturbance allows for options during data analysis.  Collecting any one specific measure may not fully account for disturbance; for example “Bare Ground” may be the result of disturbance but factors such as recovery rate and plant community type effect interpretation.  Additional variables can be collected with minimal time expended.



· Methods:   Two 100 meter transects are placed bisecting (50 meter mark) at plot center.  Plot center for transect plots would be the mid-point of the plot.  The first is stretched North to South, the second East to West.  Measurements are taken at the 0,25,50,75, and 100 meter marks (9 total).  Measurements are an ocular estimate of cover class of the variable of choice using a 10 x 10 meter quadrat centered over the appropriate point.   Plot layout is depicted in Figure 1.
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Figure 1. Disturbance Plot Layout.

· If 100 meter transects do not extend far enough from plot boundaries to capture disturbance adequately, standard transect length can be lengthened and more quadrats added.

· Use of cover classes allows for repeatability of measure between different observers (Bonham, 1989), is relatively quick, and requires minimal training.   A possible scale for the cover classes is a modified Daubenmire Cover Scale (Daubenmire, 1959).  The scale has been modified from the original by breaking the first class (1) class (0-5%) into a “0” and a 1-5%” class, allowing for documenting no disturbance present.  Analysis is performed on class midpoints.  Additionally cover is used to represent the variable of interest (i.e. percent coverage of bare ground), which is a non-traditional use of the system.


Disturbance Cover Class

Range of Cover (%)



         1



0



         2



1-5



         3



5-25



         4



25-50



         5



50-75



         6



75-95



         7



95-100

Note: Edge effect consideration must be considered in plot placement.

Item 2:  "the soil properties along disturbance and land use gradients need to be better defined, As they are now presented they are confusing."
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Impacts of military training on soil properties (or soil “quality”) and vegetation cover / type may be highly localized and / or patchy, therefore assessment of land condition can become scale-dependent. Depending on the resource management objectives, a localized area of disturbance (e.g., 1-hectare parcel) may be considered a primary target for ecosystem or habitat restoration or, alternatively, may be viewed as one of many components (that may not be individually significant) contributing to watershed condition. The Phase 1 research conducted by the University of Florida examined the watershed-to-installation scale spatial variability in soil and vegetation properties, due to military training, resource management and natural phenomena. Phase 2 research is focused, in part, on local-scale variability in soil and vegetation properties, and thus in land condition. One management-related issue we are addressing is the determination of both degree and spatial extent of an “impacted” site. For example, as one moves away from the center of impact in a disturbed site, such as a tank training area, at what point does the degree of soil or vegetation disturbance approach “background” levels in the surrounding ecosystem? Since there is a gradient of impact or disturbance associated with most of the military training areas, there is no clearly defined boundary between high impact and no impact. Furthermore, within “non-impacted” areas, there exists a great deal of spatial variability in soils and vegetation, due to both natural patchiness and to low-level anthropogenic disturbance (e.g. management).

One of our approaches to characterizing the local spatial variability in soil and vegetation characteristics, associated with both military and other land uses, employs transects spanning gradients of military disturbance and “low impact” land uses (i.e., reference condition). The figure above depicts an example of a soil property (soil microbial respiration, representing microbial activity or productivity) measured along two 400-meter transects at 20-meter intervals. One transect (upper graph) is located at the “Cannons” tank training area in D-15, and extends along the impact gradient from the center of disturbance (bare ground) to the less-disturbed, vegetated peripheral area. The other transect is located in the D-4 compartment, spanning both native sandhill vegetation and an area of planted pines (mature stand of unknown age). Thus, we can examine ecological gradients resulting from high-intensity military use (high disturbance site) and lower-intensity land use (low disturbance site), in areas of similar soils (Troup series) and landscape position and, presumably, historically similar vegetation communities. The intent of presenting plots of soil respiration along the two types of ecological gradients was to demonstrate (1) response of soil microbial activity to increasing / decreasing military disturbance, (2) “recovery” of soil microbial activity along the periphery of the impacted area to levels found in the low impact site, and (3) lower variability in microbial activity in the “undisturbed” sandhill community, versus the planted pine forest or the disturbed sandhill community. We have measured several other soil parameters, related to nutrient storage and turnover, along these transects, and have more recently added several other transects in both upland and wetland areas of high and low military disturbance. Results of these studies will be presented in detail in the FY2001 annual report.

Response 11 July 2001 by Dr. William F. DeBusk, Univ. of Florida.

Item 3:  "The use and explanation of saturated hydraulic conductivity in comparisons between sites is lost."
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This figure shows a plot of saturated hydraulic conductivity (cm/hr) values -- measured using constant head parameters --  at several locations within two sites: Bonham-1 sub-watershed; and Rowan Hill. All of the measured values for the same (Troupe) soil within each site were rank ordered (low to high), and the ranked values in one site are plotted against ranked values from the other site. Note that we are NOT comparing paired values.  This plot is just a convenient way of comparing two sample populations of values generated at two sites.

What this plot shows is that, on the average, the saturated conductivity values measured on Rowan Hill are about 60% smaller compared to those measured in Bonham-1 sub-watershed.  If we had taken the average values for the data from each site, we would get about 60%reduction. 

As expected, the high-impact of mechanized training (tanks) & associated site management (bull dozers) causes a decrease in soil hydraulic conductivity.  Likely factors contributing to this include: loss of sandy surface soil to erosion; increase in soil compaction; and increase in clay content (subsoil mixing); and possible soil-surface sealing by clay.

Response 23 April 2001 by Dr. Suresh Rao, Purdue Univ

Item 4:  "Compare your inside the base data to data from outside of the base to be able to relate disturbance factors and results to regional situations."

Individually, all the indicator test systems that we are using and experimenting with have been used in a variety of ecosystems, landscape contexts, and land management practices.  What makes our project unique is the integration of all the test systems (i.e., guilds).  What makes the Fort Benning landscape regionally unique to lands outside the fence boundary is the military mission, especially armor maneuvers.  And of course, other military training environments represent a similar situation.  Our Ecological Indicator systems have been well-tested.  John Zak has used microbial diversity – soil chemistry measures all across the country, including the Chihuahuan Desert (TX & NM), Temperate Rain Forest (Olympic NP, WA), and Tropical Forest (Puerto Rico).  He is successfully comparing microbial functional ecology across ecoregions.  Carl Freeman, John Graham, and John Emlen have been working with Developmental and Fluctuating Asymmetry on a wide range of taxa subject to a wide variety of stressors (chemical, physical, genetic, physiological/toxicological).  Indeed, DI and FA research is currently being conducted worldwide in virtually all terrestrial, freshwater, and marine ecosystems.  Research subjects span the entire range of biota – vertebrates, both micro- and macroinvertebrates, both higher and lower plants, and algae.  Our work with vertebrate guilds and habitat relationships is conducted in a regional context, and follows the successful approach we did for the Mojave Desert that formed the basis for the Marine Corps biodiversity and wildlife management plan.  The bottom line is that our research is landscape and ecosystem based with trying to get a handle on ecological element responses to environmental disturbances.  Political boundaries are not at issue.

We have made the following observations concerning the context of regional atmospheric anion deposition versus the concentrations we are finding in our lysimeters.  If we assume that the atmospheric deposition reported for the Southeast represents the average concentration for the year, we can compare it to the average concentration of nitrate and sulfate found in the lysimeters.  We must also assume that rainfall is driving the losses of soil solutions, and therefore, the amount of water moving through the soil is similar to the amount of rainfall.

We know that probably only 40% of the rainfall is lost as runoff and that 60% is lost as evapotranspiration.  Therefore, using this assumption we could be either under or over estimating by a factor of about 2x.  But, because we do not know the actual area the sampler is drawing from or the actual volume of soil, we can't determine an actual loss in kg/ha.  Ion concentrations in the lysimeter solution is the direct way we can assess the movement of anions and cations in the plant root zone of the soil.
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To the best of our knowledge, the graphic reproduced at the left was the basis for the question asked. The units of measure on the regional maps are not immediately comparable to those used for measurement of the levels of sulfate and nitrate in the groundwater. They were intended to show, in brief, that regional levels for sulfate are very high, and are thus generally correlated to the high levels we see in the lysimeters.

This approach tells us that atmospheric deposition of sulfate (based on concentration) is much less than the actual losses that we see in the field.  Research site concentration losses are 20 to 38 times greater than the web-published atmospheric deposition.

The data indicate that LOW and MEDIUM disturbance Research Sites tend to conserve nitrate, with concentrations of losses 0.36 and 0.19 of the atmospheric concentration respectively on LOW and MEDIUM sites.  However, at the HIGH disturbance sites, concentration losses are 2.2 times atmospheric deposition.

The bottom line is that our initial thought of NITROGEN being the most limiting nutrient was correct and that SULFATE losses are a function of local edaphic (soil, litter) factors on the site with HIGH disturbance sites losing twice as much sulfate as LOW and MEDIUM sites.

Response prepared 12 July 2001 by Dr. David Kovacic, University of Illinois and Dr. Tony Krzysik, Embry-Riddle Aeronautical University, Principal Investigators

Item 5:  "Multidimensional scaling for some of the information presentation is not readily understood as presented."
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The above graphic represents multidimensional scaling (MDS) of sites by their canopy and ground layer vegetation composition. We labeled each site by its soil texture (sand, clay) and military disturbance (heavy, light) category as a first-step in examining the relationship of these variables to the vegetation pattern.

MDS scales the sites in N dimensions (we used 3), based on any one of several indices of plant community composition.  The most dissimilar sites end up farther apart in the 3 dimensions.  We used the Lance-Williams index, calculated among all plots of all sites, as a metric of community similarity.  This metric reflects both species composition and abundance.

Only 2 MDS dimensions are graphed here for both canopy and ground layer vegetation.  In each case, the MDS yielded an interpretable pattern in two dimensions and the 3rd dimension was not "significant." 

It's important to remember that MDS, like all ordination techniques, only gives a "picture" of the information.  It is NOT a statistical technique, in the sense that there is some probability that any 2 sites are different.  The numbers on the axes only reflect the relative, scaled differences in vegetation composition among the sites.  It is thus not a graph of data in the engineering sense. It's left up to the scientist to interpret the pattern and perform further analyses to determine the biological and ecological causes or correlates of the pattern.

In both the canopy and understory vegetation, there is a gradient from lighter-use sites (lighter colors) to heavier-use sites (darker colors) from the lower left to upper right quadrants of each graph. This pattern suggests that species composition differences among sites reflect military use intensity.   Sites also scale by soil type, in that there is some clustering of sites with similar soil.  

The next step in vegetation analysis is to examine more closely the relationship between species composition and environmental factors suggested by the MDS.  We next surveyed "disturbance features" and obtained a quantitative sample of soil texture (% clay, silt, sand) in each of the 32 field sites.  We then examined the relationship between disturbance or soil texture (% clay) and species composition in each site using regression analyses.

Revised graphic and response 23 April and 15 June 2001 by Dr. Beverly Collins, SREL, 

References:

Clarke, KR. 1993.  Non-parametric multivariate analyses of changes in community structure.  Australian J. Ecology 18:117-143.  Describes NMDS

Fasham, MJR. 1977.  A comparison of nonmetric multidimensional scaling, principal components analysis, and reciprocal averaging for the ordination of simulated coenoclines and coenoplannes.  Ecology 58:551-561.

Faith, DP, Minchin, PR, and Belbin, L.  1987.  Compositional dissimilarity as a robust measure of ecological distance.  Vegetatio 69:57-68.

Minchin, P.R.  1987.  An evaluation of the relative robustness of techniques for ecological ordination.  Vegetatio 69:89-107.

*

Item 6:  "Provide an explanation as to why 50cm water depth is required in the stream in order to perform water quality assessments." 
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 We assume this request relates to the second bullet from this slide as used in the April IPR. This was a general statement of the situation.  More precisely stated, we would recommend that stream depth must be consistently no less than 25 to 30 cm (50 cm or more provides a safety factor) to accommodate the fully automated hydro labs used here, where periodic routine maintenance would be necessary.  The permanent water quality sampling package is configured in such a way that for all sensors to be in water continuously, the water depth has to be at least 25 to 30 cm.  Currently, of the 10 streams the ECMI monitors, only the upper Upatoi is maintaining that depth.

The following list shows the surface water flow and surface water quality parameters that the fully integrated stations monitor.

Water flow       Water flow and water velocity are the same value.

Water level

Water temperature

pH

Nitrate

Turbidity

Dissolved oxygen

Specific conductivity

Water velocity

With the exception of water flow, water level and water temperature, the sensors measuring the other parameters are permanently damaged when they are not immersed in water continuously.  This can be caused either by the water depth dropping or by sediment being deposited over sensors that are too close to the stream bottom.  Thus there is the need to have the sensors placed above the stream bottom but far enough below the surface to allow some fluctuation in depth and sedimentation without disturbing or damaging the sensors.

Because of the extended drought conditions in the southeast U.S. including the Fort Benning area, streams have not maintained a depth of 25 to 30 cm with the exception of the upper Upatoi.  Therefore, only flow, level and temperature data have been consistently monitored in only those streams that have maintained some flow. 

We have experienced a practical flaw in the desire to deploy permanent automated hydro labs in the small stream systems on Fort Benning, at least during extended dry periods of the precipitation cycle for the Fort Benning area.  We are now proposing to adjust our sampling protocol so that water flow, level and temperature are continuously monitored in only those streams that are maintaining some flow. These are the upper Upatoi, Sally Branch and Bonham Creek.  These three streams and the remaining seven sites (streams) will be monitored with a portable water quality package on a two-week interval when the streams have water in them and after significant precipitation events.  The data will be downloaded and placed on the SEMP repository as before.  This strategy will stand until the local weather pattern begins to trend into a wetter period and general stream depth of all 10 streams tends to be above 25 cm on a consistent basis.

We are working with the vendors of these water quality sensors to provide them with lessons learned regarding our situation and to get them to provide us with information on next generation sensors.  The purpose is to work toward a sensor package that is low maintenance, easy to implement, automated, and relatively inexpensive.  An initial version of this transition will be provided during the July 2001 meeting with the Technical Advisory Committee.

Prepared 20 June 2001 by Dr. David Price, PI, ERDC-EL
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Results of in situ measurement of sat. hydraulic conductivity in low-impact watershed (Bonham-1) and Rowan Hill area. Both characterized by Troup soil series. Loss of topsoil, resulting in depleted A and E horizon and consequently, shallower depth to the Bt may be the primary reason for this, along with soil compaction.
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Sheet1


			Site			Lithium			Sodium			Ammonium			Potassium			Magnesium			Calcium			Flouride			Chloride			Nitrate			Phosphate			Sulfate


			Low1 #5			0.04			16.99			0.15			3.84			2.15			11.45			0.36			11.98			1.93			0			26.49


			Low1 #6			0			2.67			0			1.94			1.28			5.26			0.2			2.35			0			0			5.49


			Low1 #6			0			2.56			0			5.25			1.01			2.43			0.12			1.8			1.33			0			14.62


			Low1 #6			0			2.56			0			6.75			0.71			1.95			0.03			2.37			0			0			23.46


			Low1 #1			0			10.23						1.97			1.71			18.36			0.03			13.7			0			0			37.63


			Low1 #2			0			3.02			0			0.97			1.34			13.85			0.04			3.87			0			0			17.74


			Low1 #3			0			2.38			0			1.18			1.21			12.85			0.03			3.69			1.42			0			14.41


			Low1 #4			0			3.68			1.03			2.28			2.57			16.15			0.27			6.53			0			0			25.25


			Low1 #5			0			2.75			0			0.93			2.26			15.3			0.14			2.85			0			0			28.15


			Low1 #6			0			2.12			0			4.34			0.72			2.12			0.31			2.87			0			0			18.12


			Low2 #4			0			10.98			0			1.52			1.49			12.1			0.02			5.43			0			0			26.76


			Low2 #5			0			3.65			0			2.6			1.45			13.83			0.05			4.94			0			0			18.77


			Low2 #6			0			3.8			0			1.32			1.24			12.07			0.03			3.58			0			0			15.57


			Site			Lithium			Sodium			Ammonium			Potassium			Magnesium			Calcium			Flouride			Chloride			Nitrate			Phosphate			Sulfate


			Med1 #4			0.03			16.45			0.25			4.41			2.99			20.25			0.24			15.93			1.79			0			21.16


			Med1 #6			0.01			14.2			0			2.01			3.67			26.58			0.32			15.71			0			0			26.59


			Med2 #1			0.04			24.44			0			3.06			2.6			16.99			0.23			29.67			0			0			41.31


			Med2 #4			0			3.02			0			1.23			1.35			4.86			0.08			2.83			0			0			7.25


			Med2 #5			0			1.78			0			1			0.75			7.5			0.1			1.94			0			0			4.45


			Med2 #6			0			1.82			0			0.81			1.04			6.55			0.14			2.14			0			0			3.98


			Med2 #2			0			4.36			0			1.63			1.03			13.6			0.06			4.16			0			0			14.5


			Med2 #4			0			1.32			0			0.76			0.81			1.64			0.03			0.4			0			0			2.74


			Med2 #5			0			1.27			0			1.19			0.95			3.49			0.03			1.97			0			0			7.48


			Med2 #6			0			1.57			0			0.83			0.97			4.74			0.02			1.46			0			0			9.62


			Med2 #1			0			4.91			-0.04			1.48			1.69			15.47			0.28			3.15			1.38			0			26.59


			Med2 #2			0			2.14			0			0.9			0.84			4.61			0.13			2.3			0			0			8.22


			Med2 #4			0			1.71			0			0.85			0.73			1.64			0.11			1.97			0			0			13.55


			Med2 #5			0			4.54			0			1.22			0.55			2.28			0.09			4.29			0			0			14.05


			Med2 #6			0			1.84			0			0.77			0.53			2.05			0.09			1.83			0			0			8.66


			Med1 #2			0			2.45			0.2			4.52			3.18			15.8			0.11			6.7			0			0			22.59


			Med1 #3			0			13.82			0			1.74			1.81			13.98			0.06			1.76			0			0			39.3


			Med1 #4			0			14.03			0			3.29			1.27			11.59			0.11			3.6			0			0			35.77


			Med1 #5			0			4.88			0			1.26			1.45			12.95			0.04			2.28			0			0			18.09


			Med1 #6			0			4.26			0			1.94			2.04			12.73			0.04			1.18			0			0			23.17


			Med2 #1			0			2.14			0			0.78			0.89			5.01			0			1.55			1.77			0			10.89


			Med2 #2			0			4.84			0			0.76			0.48			2.59			0.01			1.19			0			1.47			13.96


			Med2 #3			0			2.26			0			1.01			1			12.2			0			1.97			0			0			11.85


			Med2 #4			0			1.66			0.05			0.8			0.78			2.02			0.13			2.18			0			0			17.71


			Med2 #5			0			27.2			0			0.85			0.84			2.88			0.03			4.27			0			0			69.96


			Med2 #6			0			3.57			0			0.69			0.66			2.55			0.04			2.61			0			0			12.62


			Site			Lithium			Sodium			Ammonium			Potassium			Magnesium			Calcium			Flouride			Chloride			Nitrate			Phosphate			Sulfate


			High1 #1			-0.03			3.44			0			1.08			1.19			10.85			0.12			1.81			0			0			8.13


			High1 #3			0.02			12.46			0			1.82			2.25			16.78			0.33			11.41			0			2.01			22.49


			High1 #4			-0.01			9.51			0			1.73			1.93			12.64			0.22			5.97			2.49			0			18.85


			High1 #1			-0.01			26.16			1.58			11.48			5.26			20.16			3.58			17.64			4.63			0			64.04


			High1 #4			-0.01			9.57			0			5.41			6.14			27.83			0.39			3.68			25.94			0			71.13


			High1 #1			0			4.38			0			2.73			1.82			11.37			0.24			1.79			4.99			0			27.84


			High1 #3			-0.05			4.07			0			1.87			2.08			18.26			0.23			3.1			0			0			38.51


			High1 #4			0			9.1			0			2.05			1.39			11.13			0.19			1.45			1.77			0			34.56


			High1 #1			0			7.74			0			2.63			1.47			9.26			0.01			1.15			2.59			0			32.47


			High1 #2			0			29.05			0			1.51			1.67			13.33			0			0.92			0			0			76.2


			High1 #3			0			1.47			0			1.11			0.74			4.16			0			1.44			0.87			0			10.4


			High1 #4			0			4.14			0			1.54			0.45			2.46			0.01			0.72			0			0			13.3


			High1 #5			0			3.02			0			1.98			2.11			16.73			0.04			3.67			0.71			0			26.85


			High1 #6			0			1.98			0			0.97			1.8			12.97			0			2.27			0			0			14.38


			High2 #1			-0.05			10.71			0			1.87			1.62			12.41			0.17			1.82			0			0			31.49


			High2 #2			-0.05			2.25			0			0.86			1.3			14.59			0.03			0.46			0			0			19.45


			High2 #3			0			30.98			0			1.19			1.95			17.12			0.04			0.53			0			0			84.82


			High2 #4			-0.05			3.9			0			1.24			2.08			16.19			0.01			6.58			0			0			22.66


			High2 #5			0			20.03			0			3.21			6.72			19.11			0			3.06			0			0			87.25


			High2 #6			0			1.87			0			0.93			1.71			15.84			0.01			3.35			0			0			19.56








no3 and so4 chart


			low			low			1.9718126045			1.9718126045			0.1689848584			0.1689848584


			med			med			3.3963553984			3.3963553984			0.1239932086			0.1239932086


			high			high			5.8727179407			5.8727179407			1.3312426193			1.3312426193
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			Site						Nitrate			Sulfate			pH


			High1 #1			1			0			8.13


			High1 #1			1			4.63			64.04


			High1 #1			1			4.99			27.84


			High1 #1			1			2.59			32.47			6.16


			High1 #2			1			0			76.2			6.47


			High1 #3			1			0			22.49


			High1 #3			1			0			38.51


			High1 #3			1			0.87			10.4			6.23


			High1 #4			1			2.49			18.85


			High1 #4			1			25.94			71.13


			High1 #4			1			1.77			34.56


			High1 #4			1			0			13.3			5.85


			High1 #5			1			0.71			26.85			6.76


			High1 #6			1			0			14.38			6.76


			High2 #1			2			0			31.49			6.71


			High2 #2			2			0			19.45			6.67


			High2 #3			2			0			84.82			6.62


			High2 #4			2			0			22.66			6.91


			High2 #5			2			0			87.25			6.75


			High2 #6			2			0			19.56			6.83									Nitrate


																											mean			se


			mean						2.1995			36.219			6.56									low			0.36			0.1689848584


			stdev						5.8027520467			25.5985840275			0.3206243908									med			0.19			0.1239932086


			sterror						1.3312426193			5.8727179407			0.0966718912									high			2.1995			1.3312426193


			Low1 #1			1			0			37.63			6.75


			Low1 #2			1			0			17.74			6.9


			Low1 #3			1			1.42			14.41			6.81


			Low1 #4			1			0			25.25			6.49


			Low1 #5			1			1.93			26.49


			Low1 #5			1			0			28.15			6.6


			Low1 #6			1			0			5.49


			Low1 #6			1			1.33			14.62


			Low1 #6			1			0			23.46


			Low1 #6			1			0			18.12			4.71


			Low2 #4			2			0			26.76			6.48


			Low2 #5			2			0			18.77			6.54


			Low2 #6			2			0			15.57			6.86


			mean						0.36			20.9584615385			6.46


			stdev						0.6967424201			8.1299916422			0.6754628043


			sterror						0.1689848584			1.9718126045			0.187339675									Sulfate


																											mean			se


			Med1 #2			1			0			22.59			6.5									low			20.9584615385			1.9718126045


			Med1 #3			1			0			39.3			6.74									med			18.6946153846			3.3963553984


			Med1 #4			1			1.79			21.16												high			36.219			5.8727179407


			Med1 #4			1			0			35.77			6.64


			Med1 #5			1			0			18.09			6.46


			Med1 #6			1			0			26.59


			Med1 #6			1			0			23.17			6.48


			Med2 #1			2			0			41.31


			Med2 #1			2			1.38			26.59


			Med2 #1			2			1.77			10.89			6.43


			Med2 #2			2			0			14.5


			Med2 #2			2			0			8.22


			Med2 #2			2			0			13.96			6.12


			Med2 #3			2			0			11.85			6.72


			Med2 #4			2			0			7.25


			Med2 #4			2			0			2.74


			Med2 #4			2			0			13.55


			Med2 #4			2			0			17.71			4.56


			Med2 #5			2			0			4.45


			Med2 #5			2			0			7.48


			Med2 #5			2			0			14.05


			Med2 #5			2			0			69.96			4.75												Nitrate			Sulfate


			Med2 #6			2			0			3.98												low			0.36			20.9584615385			0.1689848584			1.9718126045


			Med2 #6			2			0			9.62												med			0.19			18.6946153846			0.1239932086			3.3963553984


			Med2 #6			2			0			8.66												high			2.1995			36.219			1.3312426193			5.8727179407


			Med2 #6			2			0			12.62			5.19


			mean						0.19			18.6946153846			6.0536363636


			stdev						0.5404738662			14.8043699578			0.8140917974


			sterror						0.1239932086			3.3963553984			0.3323515846
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			0			1.9718126045			1.9718126045


			0			3.3963553984			3.3963553984


			0			5.8727179407			5.8727179407
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all


			0			0			1.9718126045			1.9718126045			0.1689848584			0.1689848584


			0			0			3.3963553984			3.3963553984			0.1239932086			0.1239932086


			0			0			5.8727179407			5.8727179407			1.3312426193			1.3312426193
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			Site						Lithium			Sodium			Ammonium			Potassium			Magnesium			Calcium			Flouride			Chloride			Nitrate			Phosphate			Sulfate


			High1 #1			1			-0.03			3.44			0			1.08			1.19			10.85			0.12			1.81			0			0			8.13


			High1 #1			1			-0.01			26.16			1.58			11.48			5.26			20.16			3.58			17.64			4.63			0			64.04


			High1 #1			1			0			4.38			0			2.73			1.82			11.37			0.24			1.79			4.99			0			27.84


			High1 #1			1			0			7.74			0			2.63			1.47			9.26			0.01			1.15			2.59			0			32.47			6.16


			High1 #2			1			0			29.05			0			1.51			1.67			13.33			0			0.92			0			0			76.2			6.47


			High1 #3			1			0.02			12.46			0			1.82			2.25			16.78			0.33			11.41			0			2.01			22.49


			High1 #3			1			-0.05			4.07			0			1.87			2.08			18.26			0.23			3.1			0			0			38.51


			High1 #3			1			0			1.47			0			1.11			0.74			4.16			0			1.44			0.87			0			10.4			6.23


			High1 #4			1			-0.01			9.51			0			1.73			1.93			12.64			0.22			5.97			2.49			0			18.85


			High1 #4			1			-0.01			9.57			0			5.41			6.14			27.83			0.39			3.68			25.94			0			71.13


			High1 #4			1			0			9.1			0			2.05			1.39			11.13			0.19			1.45			1.77			0			34.56


			High1 #4			1			0			4.14			0			1.54			0.45			2.46			0.01			0.72			0			0			13.3			5.85


			High1 #5			1			0			3.02			0			1.98			2.11			16.73			0.04			3.67			0.71			0			26.85			6.76


			High1 #6			1			0			1.98			0			0.97			1.8			12.97			0			2.27			0			0			14.38			6.76


			High2 #1			2			-0.05			10.71			0			1.87			1.62			12.41			0.17			1.82			0			0			31.49			6.71


			High2 #2			2			-0.05			2.25			0			0.86			1.3			14.59			0.03			0.46			0			0			19.45			6.67


			High2 #3			2			0			30.98			0			1.19			1.95			17.12			0.04			0.53			0			0			84.82			6.62


			High2 #4			2			-0.05			3.9			0			1.24			2.08			16.19			0.01			6.58			0			0			22.66			6.91


			High2 #5			2			0			20.03			0			3.21			6.72			19.11			0			3.06			0			0			87.25			6.75


			High2 #6			2			0			1.87			0			0.93			1.71			15.84			0.01			3.35			0			0			19.56			6.83


			mean			1.3			-0.012			9.7915			0.079			2.3605			2.284			14.1595			0.281			3.641			2.1995			0.1005			36.219			6.56


			stdev			0.470162346			0.0214230569			9.375589399			0.3532987404			2.3870758923			1.6971536543			5.5717307856			0.7860956149			4.1969047492			5.8027520467			0.4494496635			25.5985840275			0.3206243908


			sterror			0.1078626396			0.0049147863			2.1509077224			0.0810522898			0.5476327676			0.3893537511			1.2782427071			0.1803427024			0.962835983			1.3312426193			0.1031108244			5.8727179407			0.0966718912


			Low1 #1			1			0			10.23						1.97			1.71			18.36			0.03			13.7			0			0			37.63			6.75


			Low1 #2			1			0			3.02			0			0.97			1.34			13.85			0.04			3.87			0			0			17.74			6.9


			Low1 #3			1			0			2.38			0			1.18			1.21			12.85			0.03			3.69			1.42			0			14.41			6.81


			Low1 #4			1			0			3.68			1.03			2.28			2.57			16.15			0.27			6.53			0			0			25.25			6.49


			Low1 #5			1			0.04			16.99			0.15			3.84			2.15			11.45			0.36			11.98			1.93			0			26.49


			Low1 #5			1			0			2.75			0			0.93			2.26			15.3			0.14			2.85			0			0			28.15			6.6


			Low1 #6			1			0			2.67			0			1.94			1.28			5.26			0.2			2.35			0			0			5.49


			Low1 #6			1			0			2.56			0			5.25			1.01			2.43			0.12			1.8			1.33			0			14.62


			Low1 #6			1			0			2.56			0			6.75			0.71			1.95			0.03			2.37			0			0			23.46


			Low1 #6			1			0			2.12			0			4.34			0.72			2.12			0.31			2.87			0			0			18.12			4.71


			Low2 #4			2			0			10.98			0			1.52			1.49			12.1			0.02			5.43			0			0			26.76			6.48


			Low2 #5			2			0			3.65			0			2.6			1.45			13.83			0.05			4.94			0			0			18.77			6.54


			Low2 #6			2			0			3.8			0			1.32			1.24			12.07			0.03			3.58			0			0			15.57			6.86


			mean			1.2307692308			0.0030769231			5.1838461538			0.0983333333			2.6838461538			1.4723076923			10.5938461538			0.1253846154			5.0738461538			0.36			0			20.9584615385			6.46


			stdev			0.4385290097			0.0110940039			4.5909032126			0.2965508797			1.8239313696			0.568626325			5.6737576297			0.1212171182			3.7105380078			0.6967424201			0			8.1299916422			0.6754628043


			sterror			0.1063589075			0.0026906912			1.1134575802			0.0741377199			0.4423683348			0.1379121411			1.376088353			0.0293994695			0.899937655			0.1689848584			0			1.9718126045			0.187339675


			Med1 #2			1			0			2.45			0.2			4.52			3.18			15.8			0.11			6.7			0			0			22.59			6.5


			Med1 #3			1			0			13.82			0			1.74			1.81			13.98			0.06			1.76			0			0			39.3			6.74


			Med1 #4			1			0.03			16.45			0.25			4.41			2.99			20.25			0.24			15.93			1.79			0			21.16


			Med1 #4			1			0			14.03			0			3.29			1.27			11.59			0.11			3.6			0			0			35.77			6.64


			Med1 #5			1			0			4.88			0			1.26			1.45			12.95			0.04			2.28			0			0			18.09			6.46


			Med1 #6			1			0.01			14.2			0			2.01			3.67			26.58			0.32			15.71			0			0			26.59


			Med1 #6			1			0			4.26			0			1.94			2.04			12.73			0.04			1.18			0			0			23.17			6.48


			Med2 #1			2			0.04			24.44			0			3.06			2.6			16.99			0.23			29.67			0			0			41.31


			Med2 #1			2			0			4.91			-0.04			1.48			1.69			15.47			0.28			3.15			1.38			0			26.59


			Med2 #1			2			0			2.14			0			0.78			0.89			5.01			0			1.55			1.77			0			10.89			6.43


			Med2 #2			2			0			4.36			0			1.63			1.03			13.6			0.06			4.16			0			0			14.5


			Med2 #2			2			0			2.14			0			0.9			0.84			4.61			0.13			2.3			0			0			8.22


			Med2 #2			2			0			4.84			0			0.76			0.48			2.59			0.01			1.19			0			1.47			13.96			6.12


			Med2 #3			2			0			2.26			0			1.01			1			12.2			0			1.97			0			0			11.85			6.72


			Med2 #4			2			0			3.02			0			1.23			1.35			4.86			0.08			2.83			0			0			7.25


			Med2 #4			2			0			1.32			0			0.76			0.81			1.64			0.03			0.4			0			0			2.74


			Med2 #4			2			0			1.71			0			0.85			0.73			1.64			0.11			1.97			0			0			13.55


			Med2 #4			2			0			1.66			0.05			0.8			0.78			2.02			0.13			2.18			0			0			17.71			4.56


			Med2 #5			2			0			1.78			0			1			0.75			7.5			0.1			1.94			0			0			4.45


			Med2 #5			2			0			1.27			0			1.19			0.95			3.49			0.03			1.97			0			0			7.48


			Med2 #5			2			0			4.54			0			1.22			0.55			2.28			0.09			4.29			0			0			14.05


			Med2 #5			2			0			27.2			0			0.85			0.84			2.88			0.03			4.27			0			0			69.96			4.75


			Med2 #6			2			0			1.82			0			0.81			1.04			6.55			0.14			2.14			0			0			3.98


			Med2 #6			2			0			1.57			0			0.83			0.97			4.74			0.02			1.46			0			0			9.62


			Med2 #6			2			0			1.84			0			0.77			0.53			2.05			0.09			1.83			0			0			8.66


			Med2 #6			2			0			3.57			0			0.69			0.66			2.55			0.04			2.61			0			0			12.62			5.19


			mean			2			0.0030769231			6.4030769231			0.0176923077			1.5303846154			1.3423076923			8.7134615385			0.0969230769			4.5784615385			0.19			0.0565384615			18.6946153846			6.0536363636


			stdev			0			0.0097032905			7.2769855128			0.0627571632			1.0945043838			0.8732711272			6.8047236195			0.0859194614			6.3924009213			0.5404738662			0.2882907187			14.8043699578			0.8140917974


			sterror			0			0.0022260875			1.6694549718			0.0143974807			0.2510965264			0.2003421365			1.561110663			0.0197112763			1.4665173486			0.1239932086			0.0661384268			3.3963553984			0.3323515846








7-30-00


			5/31/00


			Site			Lithium			Sodium			Ammonium			Potassium			Magnesium			Calcium			Flouride			Chloride			Nitrate			Phosphate			Sulfate


			Low1 #5			0.04			16.99			0.15			3.84			2.15			11.45			0.36			11.98			1.93			0			26.49


			Low1 #6			0			2.67			0			1.94			1.28			5.26			0.2			2.35			0			0			5.49


			Med1 #4			0.03			16.45			0.25			4.41			2.99			20.25			0.24			15.93			1.79			0			21.16


			Med1 #6			0.01			14.2			0			2.01			3.67			26.58			0.32			15.71			0			0			26.59


			Med2 #1			0.04			24.44			0			3.06			2.6			16.99			0.23			29.67			0			0			41.31


			Med2 #4			0			3.02			0			1.23			1.35			4.86			0.08			2.83			0			0			7.25


			Med2 #5			0			1.78			0			1			0.75			7.5			0.1			1.94			0			0			4.45


			Med2 #6			0			1.82			0			0.81			1.04			6.55			0.14			2.14			0			0			3.98


			High1 #1			-0.03			3.44			0			1.08			1.19			10.85			0.12			1.81			0			0			8.13


			High1 #3			0.02			12.46			0			1.82			2.25			16.78			0.33			11.41			0			2.01			22.49


			High1 #4			-0.01			9.51			0			1.73			1.93			12.64			0.22			5.97			2.49			0			18.85


			7/31/00


			Site			Lithium			Sodium			Ammonium			Potassium			Magnesium			Calcium			Flouride			Chloride			Nitrate			Phosphate			Sulfate


			Low1 #6			0			2.56			0			5.25			1.01			2.43			0.12			1.8			1.33			0			14.62


			Med2 #2			0			4.36			0			1.63			1.03			13.6			0.06			4.16			0			0			14.5


			Med2 #4			0			1.32			0			0.76			0.81			1.64			0.03			0.4			0			0			2.74


			Med2 #5			0			1.27			0			1.19			0.95			3.49			0.03			1.97			0			0			7.48


			Med2 #6			0			1.57			0			0.83			0.97			4.74			0.02			1.46			0			0			9.62


			High1 #1			-0.01			26.16			1.58			11.48			5.26			20.16			3.58			17.64			4.63			0			64.04


			High1 #4			-0.01			9.57			0			5.41			6.14			27.83			0.39			3.68			25.94			0			71.13


			9/23/00


			Site			Lithium			Sodium			Ammonium			Potassium			Magnesium			Calcium			Flouride			Chloride			Nitrate			Phosphate			Sulfate


			Low1 #6			0			2.56			0			6.75			0.71			1.95			0.03			2.37			0			0			23.46


			Med2 #1			0			4.91			-0.04			1.48			1.69			15.47			0.28			3.15			1.38			0			26.59


			Med2 #2			0			2.14			0			0.9			0.84			4.61			0.13			2.3			0			0			8.22


			Med2 #4			0			1.71			0			0.85			0.73			1.64			0.11			1.97			0			0			13.55


			Med2 #5			0			4.54			0			1.22			0.55			2.28			0.09			4.29			0			0			14.05


			Med2 #6			0			1.84			0			0.77			0.53			2.05			0.09			1.83			0			0			8.66


			High1 #1			0			4.38			0			2.73			1.82			11.37			0.24			1.79			4.99			0			27.84


			High1 #3			-0.05			4.07			0			1.87			2.08			18.26			0.23			3.1			0			0			38.51


			High1 #4			0			9.1			0			2.05			1.39			11.13			0.19			1.45			1.77			0			34.56


			10/6/00


			Site			Lithium			Sodium			Ammonium			Potassium			Magnesium			Calcium			Flouride			Chloride			Nitrate			Phosphate			Sulfate			pH


			Low1 #1			0			10.23						1.97			1.71			18.36			0.03			13.7			0			0			37.63			6.75


			Low1 #2			0			3.02			0			0.97			1.34			13.85			0.04			3.87			0			0			17.74			6.9


			Low1 #3			0			2.38			0			1.18			1.21			12.85			0.03			3.69			1.42			0			14.41			6.81


			Low1 #4			0			3.68			1.03			2.28			2.57			16.15			0.27			6.53			0			0			25.25			6.49


			Low1 #5			0			2.75			0			0.93			2.26			15.3			0.14			2.85			0			0			28.15			6.6									Lithium			Sodium			Ammonium			Potassium			Magnesium			Calcium			Flouride			Chloride			Nitrate			Phosphate			Sulfate			pH


			Low1 #6			0			2.12			0			4.34			0.72			2.12			0.31			2.87			0			0			18.12			4.71						Lithium			1


			Low2 #4			0			10.98			0			1.52			1.49			12.1			0.02			5.43			0			0			26.76			6.48						Sodium			0.0749935903			1


			Low2 #5			0			3.65			0			2.6			1.45			13.83			0.05			4.94			0			0			18.77			6.54						Ammonium			0.0734180261			-0.108998869			1


			Low2 #6			0			3.8			0			1.32			1.24			12.07			0.03			3.58			0			0			15.57			6.86						Potassium			0.1164688786			0.0480891963			0.2016013006			1


			Med1 #2			0			2.45			0.2			4.52			3.18			15.8			0.11			6.7			0			0			22.59			6.5						Magnesium			-0.0120951921			0.2615197339			0.1953117553			0.4262112292			1


			Med1 #3			0			13.82			0			1.74			1.81			13.98			0.06			1.76			0			0			39.3			6.74						Calcium			-0.1818790727			0.1620317435			0.1874370359			0.1879057744			0.654635497			1


			Med1 #4			0			14.03			0			3.29			1.27			11.59			0.11			3.6			0			0			35.77			6.64						Flouride			-0.0580595864			-0.1497516964			0.5411938302			0.4982592529			0.0006811799			-0.080314908			1


			Med1 #5			0			4.88			0			1.26			1.45			12.95			0.04			2.28			0			0			18.09			6.46						Chloride			0.0323516483			-0.0701637022			0.4509093616			0.2727676706			0.1984461684			0.3845764472			0.1472750709			1


			Med1 #6			0			4.26			0			1.94			2.04			12.73			0.04			1.18			0			0			23.17			6.48						Nitrate			0.1238012261			-0.1583392975			-0.0879263112			-0.0070063373			-0.1293368872			-0.1720337976			-0.2243955533			-0.180465826			1


			Med2 #1			0			2.14			0			0.78			0.89			5.01			0			1.55			1.77			0			10.89			6.43						Phosphate			0.0577671287			-0.0590074583			-0.0409506185			-0.1674923615			-0.1870574556			-0.2998475038			-0.1123438427			-0.1421791247			-0.0691325331			1


			Med2 #2			0			4.84			0			0.76			0.48			2.59			0.01			1.19			0			1.47			13.96			6.12						Sulfate			0.0637213609			0.9369775106			-0.0407239926			0.168521672			0.537062942			0.3292942559			-0.0913140283			-0.0086885056			-0.1481035904			-0.1267398549			1


			Med2 #3			0			2.26			0			1.01			1			12.2			0			1.97			0			0			11.85			6.72						pH			-0.2045511909			-0.0432555213			0.0247367981			-0.034954397			0.3844967347			0.8047684659			-0.3430383327			0.1557127408			0.0354238631			-0.0669855372			0.0173963692			1


			Med2 #4			0			1.66			0.05			0.8			0.78			2.02			0.13			2.18			0			0			17.71			4.56																																													1


			Med2 #5			0			27.2			0			0.85			0.84			2.88			0.03			4.27			0			0			69.96			4.75


			Med2 #6			0			3.57			0			0.69			0.66			2.55			0.04			2.61			0			0			12.62			5.19


			High1 #1			0			7.74			0			2.63			1.47			9.26			0.01			1.15			2.59			0			32.47			6.16


			High1 #2			0			29.05			0			1.51			1.67			13.33			0			0.92			0			0			76.2			6.47


			High1 #3			0			1.47			0			1.11			0.74			4.16			0			1.44			0.87			0			10.4			6.23


			High1 #4			0			4.14			0			1.54			0.45			2.46			0.01			0.72			0			0			13.3			5.85


			High1 #5			0			3.02			0			1.98			2.11			16.73			0.04			3.67			0.71			0			26.85			6.76


			High1 #6			0			1.98			0			0.97			1.8			12.97			0			2.27			0			0			14.38			6.76


			High2 #1			-0.05			10.71			0			1.87			1.62			12.41			0.17			1.82			0			0			31.49			6.71


			High2 #2			-0.05			2.25			0			0.86			1.3			14.59			0.03			0.46			0			0			19.45			6.67


			High2 #3			0			30.98			0			1.19			1.95			17.12			0.04			0.53			0			0			84.82			6.62


			High2 #4			-0.05			3.9			0			1.24			2.08			16.19			0.01			6.58			0			0			22.66			6.91


			High2 #5			0			20.03			0			3.21			6.72			19.11			0			3.06			0			0			87.25			6.75


			High2 #6			0			1.87			0			0.93			1.71			15.84			0.01			3.35			0			0			19.56			6.83








9-23-00


			5/31/00


			Sample			Lithium			Sodium			Ammonium			Potassium			Magnesium			Calcium			Flouride			Chloride			Nitrate			Phosphate			Sulfate


			Low 1


			1


			2


			3


			4


			5			0.04			16.99			0.15			3.84			2.15			11.45			0.36			11.98			1.93			0			26.49


			6			0			2.67			0			1.94			1.28			5.26			0.2			2.35			0			0			5.49


			Average			0.02			9.83			0.075			2.89			1.715			8.355			0.28			7.165			0.965			0			15.99


			Std Error			0.02			7.16			0.075			0.95			0.435			3.095			0.08			4.815			0.965			0			10.5


			Low 2


			1


			2


			3


			4


			5


			6


			Average			0			0			0			0			0			0			0			0			0			0			0


			Std Error			0			0			0			0			0			0			0			0			0			0			0


			Med 1


			1


			2


			3


			4			0.03			16.45			0.25			4.41			2.99			20.25			0.24			15.93			1.79			0			21.16


			5


			6			0.01			14.2			0			2.01			3.67			26.58			0.32			15.71			0			0			26.59


			Average			0.02			15.325			0.125			3.21			3.33			23.415			0.28			15.82			0.895			0			23.875


			Std Error			0.01			1.125			0.125			1.2			0.34			3.165			0.04			0.11			0.895			0			2.715


			Med 2


			1			0.04			24.44			0			3.06			2.6			16.99			0.23			29.67			0			0			41.31


			2


			3


			4			0			3.02			0			1.23			1.35			4.86			0.08			2.83			0			0			7.25


			5			0			1.78			0			1			0.75			7.5			0.1			1.94			0			0			4.45


			6			0			1.82			0			0.81			1.04			6.55			0.14			2.14			0			0			3.98


			Average			0.01			7.765			0			1.525			1.435			8.975			0.1375			9.145			0			0			14.2475


			Std Error			0.0173205081			9.6402009834			0			0.898623948			0.7052836309			4.7230736814			0.0576085931			11.8547131977			0			0			15.674473476


			High 1


			1			-0.03			3.44			0			1.08			1.19			10.85			0.12			1.81			0			0			8.13


			2


			3			0.02			12.46			0			1.82			2.25			16.78			0.33			11.41			0			2.01			22.49


			4			-0.01			9.51			0			1.73			1.93			12.64			0.22			5.97			2.49			0			18.85


			5


			6


			Average			-0.0066666667			8.47			0			1.5433333333			1.79			13.4233333333			0.2233333333			6.3966666667			0.83			0.67			16.49


			Std Error			0.0205480467			3.7551120711			0			0.3296799795			0.4439219151			2.4834697949			0.0857645355			3.9307788315			1.1737972568			0.9475230868			6.0953315469


			High 2


			1


			2


			3


			4


			5


			6








10-6-00


			7/30/00


			Sample			Lithium			Sodium			Ammonium			Potassium			Magnesium			Calcium			Flouride			Chloride			Nitrate			Phosphate			Sulfate


			Low 1


			1


			2


			3


			4


			5


			6			0			2.56			0			5.25			1.01			2.43			0.12			1.8			1.33			0			14.62


			Average			0			2.56			0			5.25			1.01			2.43			0.12			1.8			1.33			0			14.62


			Std Error			0			0			0			0			0			0			0			0			0			0			0


			Low 2


			1


			2


			3


			4


			5


			6


			Med 1


			1


			2


			3


			4


			5


			6


			Med 2


			1


			2			0			4.36			0			1.63			1.03			13.6			0.06			4.16			0			0			14.5


			3


			4			0			1.32			0			0.76			0.81			1.64			0.03			0.4			0			0			2.74


			5			0			1.27			0			1.19			0.95			3.49			0.03			1.97			0			0			7.48


			6			0			1.57			0			0.83			0.97			4.74			0.02			1.46			0			0			9.62


			Average			0			2.13			0			1.1025			0.94			5.8675			0.035			1.9975			0			0			8.585


			Std Error			0			1.2924975822			0			0.3454978292			0.0806225775			4.5985615958			0.015			1.370955415			0			0			4.2262128437


			High 1


			1			-0.01			26.16			1.58			11.48			5.26			20.16			3.58			17.64			4.63			0			64.04


			2


			3


			4			-0.01			9.57			0			5.41			6.14			27.83			0.39			3.68			25.94			0			71.13


			5


			6


			Average			-0.01			17.865			0.79			8.445			5.7			23.995			1.985			10.66			15.285			0			67.585


			Std Error			0			8.295			0.79			3.035			0.44			3.835			1.595			6.98			10.655			0			3.545


			High 2


			1


			2


			3


			4


			5


			6








Sodium ave


			9/23/00


			Sample			Lithium			Sodium			Ammonium			Potassium			Magnesium			Calcium			Flouride			Chloride			Nitrate			Phosphate			Sulfate


			Low 1


			1


			2


			3


			4


			5


			6			0			2.56			0			6.75			0.71			1.95			0.03			2.37			0			0			23.46


			Average			0			2.56			0			6.75			0.71			1.95			0.03			2.37			0			0			23.46


			Std Error			0			0			0			0			0			0			0			0			0			0			0


			Low 2


			1


			2


			3


			4


			5


			6


			Med 1


			1


			2


			3


			4


			5


			6


			Med 2


			1			0			4.91			-0.04			1.48			1.69			15.47			0.28			3.15			1.38			0			26.59


			2


			3			0			2.14			0			0.9			0.84			4.61			0.13			2.3			0			0			8.22


			4			0			1.71			0			0.85			0.73			1.64			0.11			1.97			0			0			13.55


			5			0			4.54			0			1.22			0.55			2.28			0.09			4.29			0			0			14.05


			6			0			1.84			0			0.77			0.53			2.05			0.09			1.83			0			0			8.66


			Average			0			3.028			-0.008			1.044			0.868			5.21			0.14			2.708			0.276			0			14.214


			Std Error			0			1.3975034884			0.016			0.2662780502			0.4268208055			5.233411889			0.0715541753			0.9143391056			0.552			0			6.6393993704


			High 1


			1			0			4.38			0			2.73			1.82			11.37			0.24			1.79			4.99			0			27.84


			2


			3			-0.05			4.07			0			1.87			2.08			18.26			0.23			3.1			0			0			38.51


			4			0			9.1			0			2.05			1.39			11.13			0.19			1.45			1.77			0			34.56


			5


			6


			Average			-0.0166666667			5.85			0			2.2166666667			1.7633333333			13.5866666667			0.22			2.1133333333			2.2533333333			0			33.6366666667


			Std Error			0.023570226			2.301579168			0			0.3703451843			0.2845268978			3.3059979162			0.021602469			0.7113523896			2.0656287716			0			4.4046667171


			High 2


			1


			2


			3


			4


			5


			6








Potassium ave


			10/6/00


			Sample			Lithium			Sodium			Ammonium			Potassium			Magnesium			Calcium			Flouride			Chloride			Nitrate			Phosphate			Sulfate


			Low 1


			1			0			10.23						1.97			1.71			18.36			0.03			13.7			0			0			37.63


			2			0			3.02			0			0.97			1.34			13.85			0.04			3.87			0			0			17.74


			3			0			2.38			0			1.18			1.21			12.85			0.03			3.69			1.42			0			14.41


			4			0			3.68			1.03			2.28			2.57			16.15			0.27			6.53			0			0			25.25


			5			0			2.75			0			0.93			2.26			15.3			0.14			2.85			0			0			28.15


			6			0			2.12			0			4.34			0.72			2.12			0.31			2.87			0			0			18.12


			Average			0			4.03			0.206			1.945			1.635			13.105			0.1366666667			5.585			0.2366666667			0			23.55


			Std Error			0			2.8163688205			0.412			1.1842684099			0.6291992265			5.2120909112			0.1154219313			3.8325350618			0.5292027547			0			7.8430117514


			Low 2


			1


			2


			3


			4			0			10.98			0			1.52			1.49			12.1			0.02			5.43			0			0			26.76


			5			0			3.65			0			2.6			1.45			13.83			0.05			4.94			0			0			18.77


			6			0			3.8			0			1.32			1.24			12.07			0.03			3.58			0			0			15.57


			Average			0			6.1433333333			0			1.8133333333			1.3933333333			12.6666666667			0.0333333333			4.65			0			0			20.3666666667


			Std Error			0			3.4205879936			0			0.5622178305			0.1096458947			0.822692058			0.0124721913			0.7826024959			0			0			4.7057435355


			Med 1


			1


			2			0			2.45			0.2			4.52			3.18			15.8			0.11			6.7			0			0			22.59


			3			0			13.82			0			1.74			1.81			13.98			0.06			1.76			0			0			39.3


			4			0			14.03			0			3.29			1.27			11.59			0.11			3.6			0			0			35.77


			5			0			4.88			0			1.26			1.45			12.95			0.04			2.28			0			0			18.09


			6			0			4.26			0			1.94			2.04			12.73			0.04			1.18			0			0			23.17


			Average			0			7.888			0.04			2.55			1.95			13.41			0.072			3.104			0			0			27.784


			Std Error			0			4.9938978764			0.08			1.1933817495			0.6712674579			1.4158672254			0.0318747549			1.9679593492			0			0			8.2296381451


			Med 2


			1			0			2.14			0			0.78			0.89			5.01			0			1.55			1.77			0			10.89


			2			0			4.84			0			0.76			0.48			2.59			0.01			1.19			0			1.47			13.96


			3			0			2.26			0			1.01			1			12.2			0			1.97			0			0			11.85


			4			0			1.66			0.05			0.8			0.78			2.02			0.13			2.18			0			0			17.71


			5			0			27.2			0			0.85			0.84			2.88			0.03			4.27			0			0			69.96


			6			0			3.57			0			0.69			0.66			2.55			0.04			2.61			0			0			12.62


			Average			0			6.945			0.0083333333			0.815			0.775			4.5416666667			0.035			2.295			0.295			0.245			22.8316666667


			Std Error			0			9.1200799521			0.0186338998			0.0994568583			0.1675062188			3.5535213365			0.045			0.9911903618			0.6596400534			0.5478366545			21.1876390195


			High 1


			1			0			7.74			0			2.63			1.47			9.26			0.01			1.15			2.59			0			32.47


			2			0			29.05			0			1.51			1.67			13.33			0			0.92			0			0			76.2


			3			0			1.47			0			1.11			0.74			4.16			0			1.44			0.87			0			10.4


			4			0			4.14			0			1.54			0.45			2.46			0.01			0.72			0			0			13.3


			5			0			3.02			0			1.98			2.11			16.73			0.04			3.67			0.71			0			26.85


			6			0			1.98			0			0.97			1.8			12.97			0			2.27			0			0			14.38


			Average			0			7.9			0			1.6233333333			1.3733333333			9.8183333333			0.01			1.695			0.695			0			28.9333333333


			Std Error			0			9.675496542			0			0.5553877524			0.5881798667			5.1073392181			0.0141421356			1.0119741433			0.9193249335			0			22.5487292078


			High 2


			1			-0.05			10.71			0			1.87			1.62			12.41			0.17			1.82			0			0			31.49


			2			-0.05			2.25			0			0.86			1.3			14.59			0.03			0.46			0			0			19.45


			3			0			30.98			0			1.19			1.95			17.12			0.04			0.53			0			0			84.82


			4			-0.05			3.9			0			1.24			2.08			16.19			0.01			6.58			0			0			22.66


			5			0			20.03			0			3.21			6.72			19.11			0			3.06			0			0			87.25


			6			0			1.87			0			0.93			1.71			15.84			0.01			3.35			0			0			19.56


			Average			-0.025			11.6233333333			0			1.55			2.5633333333			15.8766666667			0.0433333333			2.6333333333			0			0			44.205


			Std Error			0.025			10.714659221			0			0.810781516			1.8753547812			2.072564166			0.058214164			2.0848954144			0			0			29.8565865151








Magnesium ave


												Average


			Sodium


						Low1			Low2			Medium1			Medium2			High1			High2


			5/31/00			9.83						15.325			7.765			8.47


			7/30/00			2.56									2.13			17.865


			9/23/00			2.56									3.028			5.85


			10/6/00			4.03			6.143			7.889			6.945			7.9			11.623


			mean of means			5.0246			mean of means			7.1803333333			mean of means			10.3416


			se			2.7378978505			se			4.2814086337			se			4.1924289189


						mean			se


			Low			5.0246			2.74


			Medium			7.18			4.28


			High			10.34			4.19








Magnesium ave


			0			2.74			2.74


			0			4.28			4.28


			0			4.19			4.19





Fort Benning Disturbance Level


Sodium (ppm)


Average Sodium Concentration in Soil Solution 
(April - October, 2000)





Calcium ave


												Average


			Potassium


						Low1			Low2			Medium1			Medium2			High1			High2


			5/31/00			2.89						3.21			1.525			1.54


			7/30/00			5.25									1.1025			8.44


			9/23/00			6.75									1.044			2.21


			10/6/00			1.945			1.81			2.55			0.815			1.623			1.55


			mean of means			3.729			mean of means			1.70775			mean of means			3.0726


			se			1.9498215303			se			0.875921598			se			2.6952393289


						mean			se


			Low			3.729			1.95


			Medium			1.10775			0.876


			High			3.0726			2.695








Calcium ave


			0			1.95			1.95


			0			0.876			0.876


			0			2.695			2.695





Fort Benning Disturbance Level


Potassium (ppm)


Average Potassium Concentration in Soil Solution 
(April - October, 2000)





Chloride ave


												Average


			Magnesium


						Low1			Low2			Medium1			Medium2			High1			High2


			5/31/00			1.715						3.33			1.435			1.79


			7/30/00			1.01									0.94			5.7


			9/23/00			0.71									0.868			1.763


			10/6/00			1.635			1.393			1.95			0.775			1.373			2.563


			mean of means			1.2926			mean of means			1.5496666667			mean of means			2.6378


			se			0.3807952731			se			0.8925126828			se			1.5790137935


						mean			se


			Low			1.2926			0.3807952731


			Medium			1.5496666667			0.8925126828


			High			2.6378			1.5790137935








Chloride ave


			0			0.3807952731			0.3807952731


			0			0.8925126828			0.8925126828


			0			1.5790137935			1.5790137935





Fort Benning Disturbance Level


Magnesium (ppm)


Average Magnesium Concentration in Soil Solution 
(April - October, 2000)





Nitrate ave


												Average


			Calcium


						Low1			Low2			Medium1			Medium2			High1			High2


			5/31/00			8.355						23.415			8.975			13.423


			7/30/00			2.43									5.868			23.995


			9/23/00			1.95									5.21			13.587


			10/6/00			13.105			12.667			13.41			4.542			9.819			15.877


			mean of means			7.7014			mean of means			10.2366666667			mean of means			15.3402


			se			4.7989484098			se			6.6094902896			se			4.7418716305


						mean			se


			Low			7.7014			4.7989484098


			Medium			10.2366666667			6.6094902896


			High			15.3402			4.7418716305








Nitrate ave


			0			4.7989484098			4.7989484098


			0			6.6094902896			6.6094902896


			0			4.7418716305			4.7418716305





Fort Benning Disturbance Level


Calcium (ppm)


Average Calcium Concentration in Soil Solution 
(April - October, 2000)





Sulfate ave


												Average


			Chloride


						Low1			Low2			Medium1			Medium2			High1			High2


			5/31/00			7.165						15.82			9.145			6.397


			7/30/00			1.8									1.9975			10.66


			9/23/00			2.37									2.708			2.11


			10/6/00			5.585			4.65			3.104			2.295			1.695			2.633


			mean of means			4.314			mean of means			5.8449166667			mean of means			4.699


			se			1.9977922815			se			5.0851127685			se			3.4179531302


						mean			se


			Low			4.314			1.9977922815


			Medium			5.8449166667			5.0851127685


			High			4.699			3.4179531302








Sulfate ave


			0			1.9977922815			1.9977922815


			0			5.0851127685			5.0851127685


			0			3.4179531302			3.4179531302





Fort Benning Disturbance Level


Chloride (ppm)


Average Chloride Concentration in Soil Solution 
(April - October, 2000)





Graphs


												Average


			Nitrate


						Low1			Low2			Medium1			Medium2			High1			High2


			5/31/00			0.965						0.895			0			0.83


			7/30/00			1.33									0			15.285


			9/23/00			0									0			2.253


			10/6/00			0.2367			0			0			0.295			0.695			0


			mean of means			0.50634			mean of means			0.1983333333			mean of means			3.8126


			se			0.5430010888			se			0.3296547015			se			5.782725399


						mean			se


			Low			0.50634			0.5430010888


			Medium			0.1983333333			0.3296547015


			High			3.8126			5.782725399








Graphs


			0			0.5430010888			0.5430010888


			0			0.3296547015			0.3296547015


			0			5.782725399			5.782725399





Fort Benning Disturbance Level


Nitrate (ppm)


Average Nitrate Concentration in Soil Solution 
(April - October, 2000)





												Average


			Sulfate


						Low1			Low2			Medium1			Medium2			High1			High2


			5/31/00			15.99						23.875			14.2475			16.49


			7/30/00			14.62									8.585			67.585


			9/23/00			23.46									14.214			33.637


			10/6/00			23.55			20.367			27.784			22.832			28.933			44.205


			mean of means			19.5974			mean of means			18.5895833333			mean of means			38.17


			se			3.7127578752			se			6.6903180195			se			17.1904398315


						mean			se


			Low			19.5974			3.7127578752


			Medium			18.5895833333			6.6903180195


			High			38.17			17.1904398315








			0			3.7127578752			3.7127578752


			0			6.6903180195			6.6903180195


			0			17.1904398315			17.1904398315





Fort Benning Disturbance Level


Sulfate (ppm)


Average Sulfate Concentration in Soil Solution 
(April - October, 2000)





			


						Low			Medium			High																		Low			Medium			High


			mean			5.0246			7.18			10.34															mean			7.7014			10.2366666667			15.3402


			se			2.74			4.28			4.19															se			4.7989484098			6.6094902896			4.7418716305


						Low			Medium			High																		Low			Medium			High


			mean			3.729			1.10775			3.0726															mean			4.314			5.8449166667			4.699


			se			1.95			0.876			2.695															se			1.9977922815			5.0851127685			3.4179531302


						Low			Medium			High																		Low			Medium			High


			mean			1.2926			1.5496666667			2.6378															mean			0.50634			0.1983333333			3.8126


			se			0.3807952731			0.8925126828			1.5790137935															se			0.5430010888			0.3296547015			5.782725399


						Low			Medium			High


			mean			19.5974			18.5895833333			38.17


			se			3.7127578752			6.6903180195			17.1904398315








			Low			2.74			2.74


			Medium			4.28			4.28


			High			4.19			4.19





Fort Benning Disturbance Level


Sodium (ppm)


Average Sodium Concentration in Soil Solution 
(April - October, 2000)


5.0246


7.18


10.34





			Low			1.95			1.95


			Medium			0.876			0.876


			High			2.695			2.695





Fort Benning Disturbance Level


Potassium (ppm)


Average Potassium Concentration in Soil Solution 
(April - October, 2000)


3.729


1.10775


3.0726





			Low			0.3807952731			0.3807952731


			Medium			0.8925126828			0.8925126828


			High			1.5790137935			1.5790137935





Fort Benning Disturbance Level


Magnesium (ppm)


Average Magnesium Concentration in Soil Solution 
(April - October, 2000)


1.2926


1.5496666667


2.6378





			Low			4.7989484098			4.7989484098


			Medium			6.6094902896			6.6094902896


			High			4.7418716305			4.7418716305





Fort Benning Disturbance Level


Calcium (ppm)


Average Calcium Concentration in Soil Solution 
(April - October, 2000)


7.7014


10.2366666667


15.3402





			Low			1.9977922815			1.9977922815


			Medium			5.0851127685			5.0851127685


			High			3.4179531302			3.4179531302





Fort Benning Disturbance Level


Chloride (ppm)


Average Chloride Concentration in Soil Solution 
(April - October, 2000)


4.314


5.8449166667


4.699





			Low			0.5430010888			0.5430010888


			Medium			0.3296547015			0.3296547015


			High			5.782725399			5.782725399





Fort Benning Disturbance Level


Nitrate (ppm)


Average Nitrate Concentration in Soil Solution 
(April - October, 2000)


0.50634


0.1983333333


3.8126





			Low			3.7127578752			3.7127578752


			Medium			6.6903180195			6.6903180195


			High			17.1904398315			17.1904398315





Fort Benning Disturbance Level


Sulfate (ppm)


Average Sulfate Concentration in Soil Solution 
(April - October, 2000)


19.5974


18.5895833333


38.17
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Multidimensional Scaling (MDS) of sites based on differences in canopy and ground layer composition

Dimension 1

Dimension 1

Dimension 2

Dimension 2

- species composition reflects soil type and military use intensity
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