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Introduction
This report discusses the research activity of the author during 1 October – 31 December, 2001.  Research activity consisted of Exploratory Data Analysis, Discriminant Analysis, and Nonmetric Multidimensional Scaling (NMS) ordinations of major Ecological Indicator systems.  The woody ground cover data was also analyzed for the first time during this period.  Field data for these analyses were collected in April to June 2000 and 2001 in the Sand Hills of Fort Benning, Georgia.  The data were collected at nine research sites in the Bonham Creek and Sally Branch watersheds (Table 1).  H1 is the “Cannons” site and H2 is the “Rowan Hill” site.
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The 30 June Quarterly Report (Krzysik 2001a) described in detail the habitat parameters and associated metadata collected at these nine research sites.  This report also presented the results of the Analysis of Variance and initial Discriminant Analyses conducted on these data.  The 30 September Quarterly Report (Krzysik 2001b) verified the robustness of the Discriminant Analyses reported in the 30 June Quarterly Report, by conducting 48 Discriminant Analyses using 12 different habitat variable combinations with EACH of the following four-pairs of disturbance classes.
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HIGH

LOW


versus
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The 30 June Quarterly Report also presents and discusses the ordination of habitat parameters using Principal Components Analysis (PCA), the most commonly used ordination technique.  PCA represents the most fundamental and basic mathematical formulation for analytically tracking the relative position of sampling sites along environmental disturbance gradients (Krzysik 1987).  Although PCA is reasonably robust and represents a powerful tool for summarizing complex relationships by eliminating extraneous or redundant variables in data sets possessing high multicollinearity (the major goal of ordination), PCA results are bound by parametric assumptions.  These important assumptions include linearity, multivariate normality, and homogeneous variance/covariance matrices.  Nature and the environmental variables that attempt to quantify habitats and ecosystems are characterizes by nonlinearity, skewed distributions, heteroscedasticity, dominance, and patchiness.  Although our data are metric, there are powerful motivations for using ordination approaches that traditionally deal with nonparametric and ranked data.

Nonmetric Multidimensional Scaling (NMS) was selected as a desirable and robust ordination technique.  NMS has been used for psychological and social research, but has not been used in ecology.  NMS ordination is not only independent of parametric assumptions (see above), but is insensitive to outliers, sample clumping, uneven spacing of samples along ordination gradients, “noisy” data, and the “arch” and “scale compression” effects typically associated with PCA.  Detrended Correspondence Analysis (DCA) was developed to eliminate the arch and scale compression effects and handle nonlinear and Gausian (unimodal) distributed data (Gauch 1982).  However, DCA is sensitive to data discontinuity, skewness, and outliers (Palmer 1993).  Other criticisms of DCA have included that it presents interpretation problems with respect to the original variables, arbitrary higher order axes, and presents itself as somewhat “artificial” (Wartenberg et al. 1987).  

NMS is a computer intensive iterative procedure for ranking and placing N sites (or samples) described by E environmental variables (or species abundances) on R reduced dimensions, such that departure from monotonicity is minimized in the relationship between dissimilarity in the original E-dimensional space and distance in the reduced R-dimensional ordination.  This represents a rather powerful and robust procedure, because a number of sites along a disturbance gradient characterized and quantified by a large number of environmental variables can be ordinated in only ONE or TWO dimensions, and therefore, NMS provides an easy visual interpretation of the relative relationship among the sites.  Typically, relationships among sites in habitat space are treated with metric distances (Euclidian and Chi-Squared) or cosine angles (correlation coefficient), but it is intuitively more robust to use a dissimilarity index based on rank measures, a nonparametric approach.  The S(rensen dissimilarity measure appears to possess desired properties (Legendre and Legendre 1998).  This metric is also called a coefficient, index, or distance measure (or Czekanowski coefficient, or Bray & Curtis Distance). 
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S(rensen’s distance measures percent dissimilarity and is a proportion coefficient measured in city-block space.  City-block measure refers to the distance between two points calculated by:

D = x + y, rather than the more familiar Euclidean form D = (x2 + y2)1/2.

An example will further elucidate the procedure.  Trees were characterized on the nine research sites by 45 variables.  These 45 variables represent the density, mean DBH (Diameter Breast Height), and standard deviation of DBH for 14 species of trees and a miscellaneous category of four uncommon species (Appendix 2, Krzysik 2001a).  The nine research sites each represent a unique point in the 45-dimensional habitat space.  Of course, in this habitat space it is impossible to visualize the spatial relationship among the nine sites.  Nevertheless, the relationship is mathematically completely tractable.  Using S(rensen’s distance measure, the relationships of the nine research sites in 45-dimensional space were analytically determined.  Using hundreds of iterations, NMS places (ordinates) the nine sites in a one, two, or three-dimensional space, such that rank distances in the derived ordination space resemble as much as possible the “distance” relationships among the sites in the original habitat space.

At this stage of the analysis in the analytical behavior of Ecological Indicator variables, and from a reference perspective, it was desirable to analyze each Ecological Indicator Test System separately.  However, I have already demonstrated that combinations of different sets of habitat variables (e.g., General Habitat + NonWoody Ground Cover) possessed more discriminating power than when each set of habitat parameters was used individually (Krzysik 2001a).  Eventually, once the behavior of individual Ecological Indicator Test Systems is established, the goal of the project is to optimally combine all these test systems using Structured Equation Modeling and other multivariate techniques that appear promising.

I currently have six complete sets of Ecological Indicator data.  This report presents the results using Discriminant Analysis and Nonmetric Multidimensional Scaling Ordination on these six sets of Ecological Indicators:

FOUR sets of HABITAT parameters (2001 data):

General Habitat Variables

Tree Species

NonWoody General Ground Cover

Woody Ground Cover

Microbial Community Diversity and Activity (2000 data) (only DA was conducted)      

ANT Species Abundances (2000 data)

Methods

The 30 June Quarterly Report (Krzysik 2001a) described in detail: field data collection methods, variable identity, units of measure, and associated metadata for all the habitat parameters collected at the nine Fort Benning research sites.  The data were collected 30 April – 7 June 2001 by Dave Kovacic, Mike Wallace, and the author.  

Soil samples were collected in May 2000, and subsequently analyzed in a microbiology laboratory by John Zak and his students.  See Zak Quarterly Reports for more details concerning methods.            

Ant data was based on identifying species and determining their abundances at 4 clusters of pitfall traps at each of the nine research sites.  Each cluster contained 5 traps, for a sample of 20 pitfalls at each site.  The traps sampled a 24-hour period.  Field sampling was conducted in May 2000, and the ants were identified and counted in the laboratory by John Graham and his students.

Discriminant Analysis

Discriminant analysis (DA) weights the selected predictor variables (e.g., habitat variables) such that their linear combinations maximally distinguish (discriminate) among two or more predetermined groups or classes (Krzysik 1987).  The well-known F-ratio tests the criterion for measuring class differences, sums of squares between groups versus sums of squares within groups:  F = SSb/SSw.  By rewriting sums of squares terms in the form of vectors of linear combinations of predictor variables, the matrix form reduces to:






v(Bv /v(Wv = (
( represents the discriminating criterion, and the discriminant problem reduces to extracting the set of weights, or coefficients, that maximizes (.  Discriminant Function 1 (DF1) maximally distinguishes the groups, DF2 represents the second best discriminant function, and so on.  The number of derived discriminant functions is equal to one less than the number of groups in the analysis.   

Typically it is not feasible to use all variables (or even most of the variables) as input in a single analysis, because of multicollinearity (many variables are highly correlated), but especially singularity (redundancy, a specific variable may represent the linear combination of two or more other variables.  It is often appreciated that variables that are highly correlated (>0.8) lead to spurious interpretations in multiple correlation and regression analyses.  However, the problems of multicollinearity and singularity are not commonly acknowledged in Discriminant and other multivariate analyses.  Singularity leads to a least one row of a matrix being a linear combination of other rows.  The determinant of a singular matrix is equal to “0”.  Discriminant Analysis requires the inversion of a matrix (see formula above), which requires division by a determinant.  Division by “0” is of course undefined.  Multicollinearity, depending on its magnitude, produces determinants that approach “0”.  The most critical practical problem with high multicollinearity and matrices that approach singularity is that what appears to the researcher to be very minor differences in the addition or deletion of selected variables for analyses (or the actual values of these variables), and in turn produces very small changes in the correlation matrices that are input to analyses.  Nevertheless, this may result in dramatically different analyses outputs.  The important effect being that analyses become very unstable, with the significance that output results are intimately strongly dependent on the specific variable combinations that are input into any given analysis.  Therefore, Discriminant Analysis requires a great deal of exploratory analyses.  Modern statistical packages, such as SPSS (SPSS 1999) used in the current analysis, exclude from analysis input variables whose Tolerance are less than program default or user specified:  Tolerance = (1-SMC), where SMC is the squared multiple correlation of a given variable with all the other variables in the analysis.

All data used for DA were transformed as x=Ln(x+1).  Variables used for specific DA were all entered simultaneously in all DA analyses.  The Tolerance for variable acceptance was 0.001, statistically a very conservative value.  Note that when there are large variable sets (e.g., the 45 tree variables), most of the variables do not pass the Tolerance Test.  

Nonmetric Multidimensional Scaling

Nonmetric Multidimensional Scaling (NMS) was used for all ordinations.  PC-ORD (McCune and Mefford 1999) was used for data analysis using S(rensen’s distance or dissimilarity index.  Ranked Sites – Ordination Axis graphics were used to visually interpret NMS ordinations on each derived axis with reference to the original variables.  The sizes of the shaded point coordinates (triangles) in the rank-axis plots are directly proportional to the importance of the selected variable at that specific portion of the ordination gradient (axis).  The absolute magnitude of a given variable does not determine triangle size, only the relative variable values distributed among the nine research sites is of consequence.  This graphic also presents a trend surface of the chosen variable with the ordination axis, and gives both parametric (Pearson) and nonparametric (Spearman’s tau) correlation coefficients of the variable with the ordination axis.  Variable means were used in visual interpretations of General Habitat ordinations (Figures 8-11), while mean DBHs were used for tree species ordinations (Figures 15-19).  More details on NMS can be found in the Introduction section.

Results and Discussion

Discriminant Analysis

General Habitat Parameters, 2001 data 

Habitat Variables (N = 8):

Means (M) and Standard Deviations (SD) of:

Canopy Cover (CAN)

Tree Basal Area (BITT)

A-Horizon Soil Depth (SOIL)

Soil Compaction (LANG)

Discriminant Function 1 (DF1) separated the Low sites from the Medium and High sites, while DF2 separated the Medium from the High sites (Figure 1).  The relative contribution of habitat variables to DF1 and DF2 are shown below the figure.  These were the only variables that passed the Tolerance Test.  
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Standardized Canonical Discriminant Function Coefficients 

	 
	Function
	  

	 
	1
	2

	CANM
	-.759
	1.319

	CANSD
	1.925
	-.569

	SOILM
	7.660
	-1.414

	SOILSD
	-9.377
	1.814

	LANGM
	-7.915
	3.664

	LANGSD
	8.869
	-4.063


Tree Habitat Parameters, 2001 data 

Habitat Variables (N = 45):

Density (N), Mean DBH (M), Standard Deviation DBH (S) of:

Pinus echinata



Q. marilandica

P. palustris



Q. nigra

P. taeda



Carya tomentosa (CATOM) 

Quercus falcate


Cornus florida (COFLO)

Q. hemisphaerica


Crataegus sp. (CRATA)

Q. incana



Diospyros virginiana

Q. laevis



Miscellaneous (Liquidamber styraciflua,

Q. margaretta 




Prunus americana, P. serotina, Sassafras albidum)

Discriminant Function 1 (DF1) separated the Low sites from the Medium and High sites, while DF2 separated the Medium from the High sites (Figure 2).  Although the general pattern of this result was similar to the General Habitat analysis, more discrimination was evident.  Both the High and Low disturbance sites showed close within disturbance class clumping.  The three disturbance classes displayed a high degree of interclass separation in the two-dimensional discriminant space.  DF2 was also relatively effective in separating the three disturbance classes.  The relative contribution of habitat variables to DF1 and DF2 are shown below the figure.  These were the only variables that passed the Tolerance Test because of the high degree of among site multicollinearity of the tree variables.  
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Figure 2.  DA using  Trees

DBH >/= 5 cm


Standardized Canonical Discriminant Function Coefficients

	 
	Function
	 

	 
	1
	2

	CATOMN
	5.345
	-1.781

	CATOMM
	5.340
	1.222

	CATOMS
	-8.277
	.674

	COFLON
	2.167
	.024

	COFLOM
	-8.755
	-.176

	CRATAN
	7.054
	.538


CATOM
Carya tomentosa
Mockernut Hickory

COFLO
Cornus florida

Flowering Dodwood

CRATAN
Crataegus sp.

Hawthorn


 Nonwoody Ground Cover Habitat Parameters, 2001 data

Habitat Variables (N = 5):

Forb Cover

Grass Cover

Legume Cover

Litter Cover

Bare Ground

Discriminant Function 1 (DF1) separated the Medium sites from the Low and High sites, while DF2 separated the Low from the High sites (Figure 3).  The relative contribution of habitat variables to DF1 and DF2 are shown below the figure.  All variables passed the Tolerance Test.  
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Standardized Canonical Discriminant Function Coefficients

	 
	Function
	 

	 
	1
	2

	LEGUME
	.312
	.390

	GRASS
	2.826
	.324

	FORB
	-1.846
	-1.885

	LITTER
	4.824
	.820

	BARE
	3.291
	2.021


Woody Ground Cover Habitat Parameters, 2001 data

Habitat Variables (N = 40):

56 taxa of woody plants

2 taxa of widespread forbs that are used for Developmental Instability analysis

Cnidoscolus stimulosus (Tread-Softly); Ipomea pandurata (Man Root, Man-of-the-Earth) 

3 taxa: Pteridium (Bracken Fern), Yucca, Opuntia 

40 taxa actually used in analysis, representing 95.1 percent of all ground cover taxa occurrences

Discriminant Function 1 (DF1) effectively separated the three disturbance classes (Figure 4).  DF2 separated Low sites from the Medium and High sites.  All three disturbance classes were well separated in the two-dimensional discriminant space, and a high degree of within disturbance class clumping was evident for all three disturbance classes.  The relative contribution of habitat variables to DF1 and DF2 are shown below the figure.  These were the only variables that passed the Tolerance Test.  As in the case of tree variables there was a high degree of multicollinearity among the woody ground cover.  
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Standardized Canonical Discriminant Function Coefficients

	 
	Function
	 

	 
	1
	2

	RUCUNE
	2.775
	-1.152

	RHCOPA
	2.143
	-.162

	CRFLAV
	.087
	2.368

	RHRADI
	1.163
	-3.911

	CNSTIM
	-2.060
	4.784

	IPOMEA
	-.050
	1.573


RUCUNE
Rubus cuneifolius

Sand Blackberry

RHCOPA
Rhus copallina

Winged Sumac

CRFLAV
Crataegus flava

Yellow Haw

RHRADI
Rhus radicans


Poison Ivy

CNSTIM
Cnidoscolus stimulosus
Tread-Softly

IPOMEA
Ipomea pandurata 

Man Root, Man-of-the-Earth (Morning Glory)

Microbial Community Parameters, 2000 data 

Microbial Variables (N = 4):
Fungi Functional Diversity (FSR)

Fungi Total Activity (FTA)

Bacteria Functional Diversity (BSR)

Bacteria Total Activity (BTA)

Microbial community data were only collected in Bonham Creek watershed.  Discriminant Function 1 (DF1) separated the High disturbance sites from Low and Medium sites, while DF2 separated M1 from M2 and the Low sites (Figure 5).  L1 was very different from the High sites while M1, M2, and L2 were intermediate on DF1.  The relative contribution of habitat variables to DF1 and DF2 are shown below the figure.  These were the only variables that passed the Tolerance Test.
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Standardized Canonical Discriminant Function Coefficients

	 
	Function
	 

	 
	1
	2

	FTA
	-1.057
	.200

	FSR
	3.440
	-.933

	BTA
	-2.170
	1.693


Ant Community Parameters (2000 data) 

Ant Variables (N = 12):
Species abundances in pit fall trap-clusters, natural log transformed

24 taxa collected

12 most abundant taxa used in analysis 

Two-dimensional discriminant space effectively separate the three disturbance classes (Figure 6).  Discriminant Function 1 (DF1) separated the High disturbance sites from Low and Medium sites, and also showed some separation between the Low and Medium sites.  DF2 weakly separated the Low sites from the Medium and High sites.  The relative contribution of habitat variables to DF1 and DF2 are shown below the figure.  These were the only variables that passed the Tolerance Test.
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Standardized Canonical Discriminant Function Coefficients

	 
	Function
	 

	 
	1
	2

	LNPRSI
	4.374
	-1.099

	LNAPAS
	4.657
	-.726

	LNAPFL
	1.536
	1.101

	LNAPTE
	3.083
	-.941

	LNCRAS
	-.068
	1.400

	LNCRAT
	-4.923
	.741


PRSI

Proceratium silaceum
APAS

Aphaenogaster ashmeadi

APFL

Aphaenogaster floridana
APTE

Aphaenogaster texana
CRAS

Crematogaster ashmeadi

CRAT

Crematogaster atkinsoni
Nonmetric Multidimensional Scaling

General Habitat Parameters

The relative importance of specific ordination axes in NMS for characterizing or defining environmental gradients is undefined and irrelevant, unlike in Principal Components Analysis, where the first PC explains the largest contribution of data variance and in succession higher order PCs (PC2, PC3, etc.) explain lower and lower fractions of total variance.  NMS of General Habitat variables derived a three axes ordination (Figure 7).  Axis 1 separated the High disturbance sites from the Low and Medium sites, while Axis 2 strongly isolated H2 from the other High sites, and M2 from L1 as well as the rest of the Low and Medium sites (Figure 7a).  L1 and M2 are very similar on Axis 1.  Importantly, note that L2 and M1 were closely associated in the two-dimensional ordination space.  These two sites visually appear very similar to all the researchers involved in this project.  The three Sally Branch sites (L3, M3, H3) along with L1 are associated with the L2-M1 pair in the two-dimensional ordination space.  
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NMS Axis 1 – Axis 3 ordination space was relatively effective in separating all nine research sites (Figure 7b).
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An examination of the association of General Habitat variables with Axis 1 was informative.  The relationship of Canopy Cover to the first ordination axis clearly identifies that Low and Medium disturbance sites possess the highest canopy covers (note large triangles) while H3, H2, and H1 in that respective order have decreasingly lower canopy covers (Figure 8).
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Similar patterns were observed for Tree Basal Area (Figure 9) and A-Horizon Soil Depth (Figure 10).
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Soil Compaction followed the reverse trend of Canopy Cover, Basal Area, and A-Horizon Soil Depth (Figure 11).  The High disturbance sites revealed higher contributions to this variable. Note that site H2 had lower soil compaction than other High sites, while L3 had higher soil compaction than the other Low sites.  The L3 site possessed evidence of historical agricultural activities.
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NonWoody Ground Cover Habitat Parameters

The ordination of NonWoody Ground Cover clearly demonstrates the gradient of litter-legume- forbs-grass-bare ground (Figure 12).  NonWoody Ground Cover may reflect both disturbance and recent fire history.  Sites that haven’t been burned recently may posses both high litter and high forbs/legume cover (L3 and M1).  Recently burned sites (L1 and M2) also have a high forb/legume cover, because a recent fire reduces litter but also may stimulate the growth of forbs and legumes.  High disturbance sites (especially H1) and a recently burned site (L2) possess more bare ground.  The Bare Ground variable makes an important contribution to the ordination results (Figure 13). 
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Tree Habitat Parameters

The NMS ordination of the 45 Tree Habitat variables effectively separated the Bonham Creek and Sally Branch watersheds (Figure 14).  The site with the largest trees (M3) and two High disturbance sites (H1 and H2) were at the opposite extremes of the ordination.  Two sites that visually appear very similar to all the researchers involved in this project, L2 and M1, were also very similar in the tree NMS ordination, identically paralleling the ordination results of the General Habitat variables (see Figure 7a).  Sally Branch sites differed from Bonham Creek sites by the dominance of Longleaf (Figure 15) and Loblolly Pines (Figure 16).  
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Water oak dominated the central portion of the ordination, characterizing Bonham Creek Low and Medium disturbance sites and the Sally Branch Low site (figure 17).   
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Turkey oak characterized Bonham Creek watershed with the exception of site H2 (Figure 18).
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Bluejack possessed an interesting distribution by being poorly represented at the Medium disturbance sites (Figure 19).
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Woody Ground Cover Habitat Parameters

NMS of Woody Ground Cover produced an ordination with three dimensions.  The ordination in the first two dimensions clustered the three High disturbance classes, L2 and M1 completely overlapped each other, while the other ordinations were well separated, with M2 being different from the others (Figure 20).  The ordination with axes 1 and 3 produced a similar pattern, but revealed some association between two sets of sites, the two Sally Branch sites L3 and M3, and L1 with M2 (Figure 21).  The ordination of axes 2 and 3 clustered L1 with the High disturbance sites, M2 was associated with the L2-M1 pair, and the Sally Branch sites L3 and M3 were well separated from the other sites (Figure 22).     
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An examination of the relative rankings of the nine research sites on each of the three individual axes was informative.  The first axis clustered the three High disturbance sites at one end of the ordination gradient and opposite M2 at the other extreme.  As already revealed from Figures 20-22 L2 and M1 were closely associated (Figure 23).  The second axis associated L1 with the three High disturbance sites (Figure 24).  Interestingly, L1 was burned three months before the field sampling was conducted.  L3, a site with very extensive woody ground cover, was at the opposite end of Axis 2.  M2 is closely associated with the L2-M1 pair.  The third axis showed that the L2-M1 pair was at the opposite end of the ordination of two Sally Branch sites, L3 and M3 (Figure 25).  Two other associations were present H1 and H2, and L1-M2-H3.   
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Ant Species

The NMS ordination of ant species along Axis 1 separated the three High sites and M3 from the other sites (Figure 26).  This ordination was determined by the dominant ant Dorymyrmex pyramicus (Figure 27).
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The NMS ordination of ant species along Axis 2 separated the three Low sites at one end of the gradient from M1 at the other extreme end of the gradient (Figure 28).  This ordination was determined by the Fire Ant (Solenopsis invicta) (Figure 29). 
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Conclusion

All six Ecological Indicator Test Systems were able to successfully distinguish among the three disturbance classes of this study (Low, Medium, High) using both Discriminant Analysis and ordination by Nonmetric Dimensional Scaling.  The High disturbances classes were consistently separated from the Low and Medium classes.  Depending on the specific Ecological Indicator System used and the analysis method, Low and Medium sites could also be separated form one another, but often there was overlap among two or more Low and/or Medium sites.

NMS ordinations demonstrated that sites L2 and M1 were very similar to each other in three different measures of habitat characterization: General Habitat features (Figure 7a), Tree parameters (Figure 14), and Woody Ground Cover (Figure 20).  These two sites appeared very similar to researchers in this project, and were often confused with each other.  However, despite their strong habitat resemblance, Axis 2 in the NMS ordination of Ant Species Abundance patterns placed these sites at the opposite extremes of the ordination gradient (Figure 28).  This axis was strongly related to the abundance pattern of Fire Ants.

In these analyses, and in the two previous Quarterly Reports (Krzysik 2001a, 2001b) a number of variables have been identified that show high potential for characterizing landscape disturbance gradients and for being used as components of Ecological Indicator Guilds for assessing and monitoring ecological changes.  However, it is imperative that the robustness and general applicability of these variables are assessed with additional data sets.  These sampling frames are currently being planned for Spring 2002.    

The six Ecological Test Systems that were used in the current analysis represented only a single time period.  The selected Ecological Indicator parameters require additional temporal and spatial analyses contrasts, as well as, combinations of Ecological Indicators.  The habitat data in particular require additional data sets, not only in the nine current research sites, but in other sites both inside Fort Benning and at other Sand Hill locations, to quantitatively assess and verify the robustness, generality, and precision of the analyses results obtained to date.
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Introduction and Methods
This report discusses the research activity of the author during 1 January – 31 March, 2002.  Research activity consisted of Nonmetric Multidimensional Scaling (NMS) ordinations of  Woody Ground Cover.  Field data for these analyses were collected in 30 April to 4 May 2001 in the Sand Hills of Fort Benning, Georgia by Dave Kovacic, Mike Wallace, and Tony Krzysik.  The data were collected at nine research sites in the Bonham Creek and Sally Branch watersheds (Table 1).  H1 is the “Cannons” site and H2 is the “Rowan Hill” site.
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Nonmetric Multidimensional Scaling (NMS) was selected as an objective, desirable, and robust ordination technique.  NMS has been used for psychological and social research, but has not been used in ecology, probably because it is not well understiid.  NMS ordination is not only independent of parametric assumptions (see above), but is insensitive to outliers, sample clumping, uneven spacing of samples along ordination gradients, “noisy” data, and the “arch” and “scale compression” effects typically associated with PCA.  Detrended Correspondence Analysis (DCA) was developed to eliminate the arch and scale compression effects and handle nonlinear and Gausian (unimodal) distributed data (Gauch 1982).  However, DCA is sensitive to data discontinuity, skewness, and outliers (Palmer 1993).  Other criticisms of DCA have included that it presents interpretation problems with respect to the original variables, arbitrary higher order axes, and presents itself as somewhat “artificial” (Wartenberg et al. 1987).  

NMS is a computer intensive iterative procedure for ranking and placing N sites (or samples) described by E environmental variables (or species abundances) on R reduced dimensions, such that departure from monotonicity is minimized in the relationship between dissimilarity in the original E-dimensional space and distance in the reduced R-dimensional ordination.  This represents a rather powerful and robust procedure, because a number of sites along a disturbance gradient characterized and quantified by a large number of environmental variables can be ordinated in only ONE or TWO dimensions, and therefore, NMS provides an easy visual interpretation of the relative relationship among the sites.  Typically, relationships among sites in habitat space are treated with metric distances (Euclidian and Chi-Squared) or cosine angles (correlation coefficient), but it is intuitively more robust to use a dissimilarity index based on rank measures, a nonparametric approach.  The S(rensen dissimilarity measure appears to possess desired properties (Legendre and Legendre 1998).  This metric is also called a coefficient, index, or distance measure (or Czekanowski coefficient, or Bray & Curtis Distance). 
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S(rensen’s distance measures percent dissimilarity and is a proportion coefficient measured in city-block space.  City-block measure refers to the distance between two points calculated by:

D = x + y, rather than the more familiar Euclidean form D = (x2 + y2)1/2.

PC-ORD (McCune and Mefford 1999) was used for data analysis using S(rensen’s distance or dissimilarity index.  Ranked Sites – Ordination Axis graphics were used to visually interpret NMS ordinations on each derived axis with reference to the original variables.  The sizes of the shaded point coordinates (triangles) in the rank-axis plots are directly proportional to the importance of the selected variable at that specific portion of the ordination gradient (axis).  The absolute magnitude of a given variable does not determine triangle size, only the relative variable values distributed among the nine research sites is of consequence.  This graphic also presents a trend surface of the chosen variable with the ordination axis, and gives both parametric (Pearson) and nonparametric (Spearman’s tau) correlation coefficients of the variable with the ordination axis.  

Results

Woody Ground Cover Variables (Total N = 61, Variables in NMS Ordination = 40):

56 taxa of woody plants

2 taxa of widespread forbs that are used for Developmental Instability analysis

Cnidoscolus stimulosus (Tread-Softly); Ipomea pandurata (Man Root, Man-of-the-Earth) 

3 taxa: Pteridium (Bracken Fern), Yucca, Opuntia 

40 taxa actually used in analysis, representing 95.1 percent of all ground cover taxa occurrences

Nonmetric Multidimensional Scaling

Woody Ground Cover 

NMS of Woody Ground Cover produced an ordination with three dimensions.  The results of this ordination were discussed in (Krzysik 2001), but the details of how the ordination was related to specific individual woody ground cover taxa was not analyzed.  The ordination in the first two dimensions clustered the three High disturbance classes, L2 and M1 completely overlapped each other, while the other ordinations were well separated, with M2 being different from the others (Figure 1).  The ordination with axes 1 and 3 produced a similar pattern, but revealed some association between two sets of sites, the two Sally Branch sites L3 and M3, and L1 with M2 (Figure 2).  The ordination of axes 2 and 3 clustered L1 with the High disturbance sites, M2 was associated with the L2-M1 pair, and the Sally Branch sites L3 and M3 were well separated from the other sites (Figure 3).
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An examination of the relative rankings of the nine research sites on each of the three individual axes was informative.  The first axis clustered the three High disturbance sites at one end of the ordination gradient and opposite M2 at the other extreme.  As already revealed from Figures 1-3 L2 and M1 were closely associated (Figure 4).  The second axis associated L1 with the three High disturbance sites (Figure 5).  Interestingly, L1 was burned three months before the field sampling was conducted.  L3, a site with very extensive woody ground cover, was at the opposite end of Axis 2.  M2 is closely associated with the L2-M1 pair.  The third axis showed that the L2-M1 pair was at the opposite end of the ordination of two Sally Branch sites, L3 and M3 (Figure 6).  Two other associations were present H1 and H2, and L1-M2-H3.
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ORD axis 1 was very informative in defining the disturbance gradient (Figure 4).  Based on this graphical representation, the contribution of each of the 40 ground cover taxa to Axis 1 of the ORD ordination was plotted.  This analysis provided a clearer picture of the distribution of each taxa with respect to the disturbance gradient.  Review Figure 4 if site designations are not clear in these graphics.  These results should be considered preliminary until further field data on ground cover reinforces and substantiates the patterns observed in 2001 at our nine sites.

Species that were associated with High disturbance are discussed in the following five figures.  Rubus cuneifolius was an abundant widespread species that was most abundant in the High sites.
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Another widespread species also abundant at High sites, but also at M2 was Rhus copalina.
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Some taxa were uncommon, but associated with specific high sites, Yucca at H1,

and Celtis tenuifolia at H2.
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Prunus angustifolia was mainly associated with High sites.  However Prunus americana and Prunus umbellate were associated with Low sites.
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The genus Smilax showed a similar pattern as in Prunus.  Smilax bona-nox was associated with High sites, while Smilax glauca was found in less disturbed sites.
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The two abundant forbs (Cnidoscolus stimulosus  and Ipomea pandurata) that we are using in the Developmental Instability (DI) analysis have a wide distribution, but may be responding to local disturbances.
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Crataegus flava is also a widely distributed species that may be responding to local disturbances.  The abundance of this species, at least in our samples, appears to track the disturbance gradient.  
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A number of taxa are more associated with lower disturbance habitats, and possess low abundances in the High disturbance sites.  These are as follows.

Vaccinium arboreum and Vaccinium stamineum
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Carya tomentosa
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Cornus florida
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Ilex glabra
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Bracken Fern (Pteridium)
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Opuntia
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Sassafras albidum
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Quercus falcata
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Rhus radicans has a somewhat spotty distribution, but appears to be more abundant in lower disturbance sites.
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Discussion

Woody ground cover with associated specific forbs and grasses, and including taxa such as bracken fern, Yucca, and Opuntia show a great deal of promise as Ecological Indicators.  Ground cover is directly affected by mechanized infantry, armor, and off-road vehicles, as well as, by fire regimes and even foot traffic.  These disturbances not only directly damage ground cover, but possibly even more importantly affect the soils, microbial communities, litter, associated competitive and mutualistic plant interactions, shrub layers, seed germination, tree seedling survival rates, and extent and height of canopy cover.  Ecologically, ground cover has the potential to reveal and track the complete range of conditions and trends in the Sand Hills uplands, including the critically important disturbances from military training activities and fire regimes.  Monitoring, predicting, and understanding ecosystem conditions and trends are necessary for ecosystem management.

The figures shown above represent only a small portion of the hundreds that were examined in this research.  Examining the relationship of 61 taxa on three NMS axes from a SINGLE NMS analysis generates 183 graphics!  The above figures represent a selected sample to reveal the complex patterns that typically occur in actual habitat analyses.  Although some interesting patterns have emerged from this analysis that may have important ecological indicator and predictive value, a single year’s analysis from nine research sites is preliminary.  We are very confidant that our sampling design and sample size was appropriate, but nevertheless, the spatial and temporal scale investigated require additional field efforts to decipher robust, consistent, and large scale patterns.  The field work of Spring 2001 has generated a great deal of information and assisted significantly in planning the field season of 2002.
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Habitat Characterization and Quantification of Disturbance Gradients 

Dave Kovacic, Mike Wallace, and I repeated last season’s collection of a wide range of habitat parameters in order to quantify disturbance and characterize similarities and differences both between and within the three disturbance classes (Low, Medium, High).  The details of the methods used and all metadata can be found in Krzysik 2001.  Field methods, sampling design, and surveyed transects were identical to 2001, with several important exceptions.  Changes were made in the collection of the following parameters.  For more details see the Quarterly Report by Tony Krzysik.

 A-horizon depth:  increase in sample size

Basal Area:  increase from 1 to 4 Basal Area Factors

Tree Sampling Plots for estimating density and measuring DBHs:  


incorporation of new method to increase accuracy and reduce sampling time 

Ground Cover:  identification of ALL taxa to species or morpho-species,

  instead of just woody taxa

Soil Shear Stress:  a new habitat parameter measured in 2002 

Research Site Selection at Fort Benning

Fort Benning intersects three major Southeastern Physiographic Provinces: Sand Hills, Piedmont, and Loomy Hills.  Therefore, the installation is characterized by a complex landscape of soils and floristics.  The Sand Hills forms a narrow arc in the Upper Coastal Plain just below the Piedmont, representing extensive erosional deposits from the Piedmont, particularly since agricultural development early in the last century.  The Sand Hills contain the majority of Army installations in the Southeast, because their poor soils and high erosion potential made the landscape economically undesirable.  Fort Benning is at the southwestern extreme of the Sand Hills, and traveling northeastward Fort Gordon (GA), Fort Jackson (SC), and Fort Bragg (NC) are encountered respectively, with the latter installation occupying the northeast extreme.  

We located all research sites in Sand Hills physiography for three critical reasons:

1)  To avoid the confounding effects of sites located in multiple physiographies or in their

ecotones.

2)  Research results generated at Fort Benning could be more validly extrapolated to

other Army installations in the Southeast.

3)  There was the potential for finding relatively pristine reference sites at Savanna River

Ecology Laboratory (SC) or Eglin Air Force Base (FL), if and when these were required.

Our selection of reference sites was guided by three spatial scales:  

Landscape

We desired Sand Hills Physiography for the 3 reasons summarized above. 

Watershed

We desired to work within two watersheds.  Although watersheds do not correspond to ecosystems, land cover, or training compartments, they physically delineate hydrologic units and can be defined unambiguously.  A great deal of geophysical data was going to be gathered on the watershed basis at the installation.  Therefore, a great deal of baseline and monitoring data was and would be available to compliment our research efforts.

Local

We wanted to select research sites on the order of 10 hectares in size that represented three broad categories of vegetation and soil disturbance: High, Medium, Low.  We wanted to select three specific sites within each of these three disturbance categories.  We wanted to make sure that all three classes were represented in a single watershed to minimize confounding environmental/spatial effects, as well as take advantage of complimentary watershed-based data availability.  

The Landscape and Watershed Selection Process

It was very easy to locate the two watersheds where we would select specific research sites.  This was done with four sources of information.


1)  A physiographic GIS layer of the installation delineated the Sand Hills.


2)  A watershed GIS layer of the installation.

3)  A GIS theme from Rose Kress (U.S. Army-ERDC-EL) identified high use training 

areas.  Although this data layer was very coarse, its resolution was more than 

adequate at the watershed level.

4) Discussions with Pete Swiderek.  Pete is the installation Wildlife Biologist who has

had more hands-on field experience at the installation than anyone else.  He was also able to provide important historical perspective, because his father was stationed at Fort Benning.

Bonham Creek and Sally Branch watersheds were selected.

The Local Site Selection Process (10 hectare research plots) 

The actual selection of sites within a watershed was based on three Important Criteria:

1)  Visual disturbance to vegetation and soils

2)  The presence of a “bottomland” habitat as a reference for Lysimeter and soil microbial

sampling

3)  The presence of the identical species of widespread forbs and woody species to use for

Developmental Instability analysis and plant physiological metrics   

Visual Habitat Disturbance

Portions of the Bonham Creek and Sally Branch watersheds in the Sand Hills were the most disturbed landscapes at Fort Benning.  Nevertheless, these watersheds also contained areas that were not disturbed by military training activities.

Based on his extensive knowledge of Fort Benning landscapes and the ongoing training mission at Fort Benning, Pete Swiderek directed us in the field to three categories of sites in the Sand Hills:

The most disturbed landscapes 

.


The least disturbed landscapes


Landscapes intermediate between the two above

The judgement of disturbance level was based on the visual observation of vegetation and soil disturbance by military vehicles.  This judgment of disturbance gradients was made by a team of highly experienced field ecologists, as well as by the guidance of Pete Swiderek.

High Disturbance Level:

High disturbance sites were very obvious and selected first.  These sites possessed extensive evidence of current widespread off-road vehicle activities with an abundance of recent armor vehicle tracks.  The most obvious direct signs of current military training activities included large patches of bare ground and severely disturbed soil layers, loss of soil litter and soil surface integrity, highly open canopy, and early successional forb and grass cover.  The overall impression at High disturbance sites is extensive habitat fragmentation and habitat edges, and widespread patch mosaics of habitat elements.

Medium Disturbance Level:

Medium disturbance sites showed signs of past military activities.  Current military use was light and importantly, confined to existing roads and trails.  There was no evidence of recent off-road vehicle use and direct damage to the habitat.  These sites were selected last.

Low Disturbance Level:
Low disturbance sites were not only currently protected from military training activities, but did not show any visual evidence of past or present military activities.  However, the evidence of former roads, fields, and erosion gullies, suggested past agricultural activities. 

Habitat Characterization  

For more details, graphics, and quantitative data, see the Quarterly Report by Tony Krzysik.  Six fundamental habitat variables effectively separated the three disturbance classes (Low, Medium, High) in discriminant space.  The six habitat variables were: canopy cover, A-horizon soil depth, soil compaction, basal area of trees, bare ground cover, and the number of woody taxa in ground cover.  Variable means or variable standard deviations were equally effective in discriminating the three disturbance classes.  Interestingly, standard deviations produced a tighter clumping within disturbance classes, primarily attributed to the second discriminant function.

The means of the six variables along with the standard deviations among their three similar disturbance classes were plotted.  The Low and Medium disturbance classes were similar in mean canopy cover, A-horizon soil depth, basal area, and exposed bare ground.  However, the Medium sites displayed a great deal of between site variability in canopy cover and soil depth, while the Low sites were very uniform in these parameters.  Basal area also showed this pattern, but it was not as strong.  Interestingly bare ground was more variable among the Low sites.  This was probably attributed to the L1 site being burned in early 2001, and possessing lower litter cover and increased bare ground.  The High sites were much different in these four habitat parameters.  The other two habitat parameters, soil compaction and number of woody taxa in ground cover exhibited a gradient with the three disturbance classes.  The medium sites were highly variable in number of woody taxa, while the High sites were more variable in soil compaction. 

Based on analysis of variance, the Low and Medium sites were similar and they differed from the High disturbance sites in five parameters.  Soil compaction was the only parameter that separated the Low from the Medium sites, and this parameter did not differ significantly between the High and Medium sites.

UTM GPS Coordinates of Research Sites
The following data are the UTM coordinates of our nine research sites.  Each site extends over 10 hectares, Lysimeter Number 2 represents the center of the site, comprising a circle with a radius of 178 m.

GPS Coordinates are NAD 27 (Matches the Fort Benning Map)

Section 16 

Site

Watershed
Northing

Easting
L1

Bonham Creek
35  88156

71  0547

L2

Bonham Creek
      85864

      0452

L3

Sally Branch

      90621

      2464

M1

Bonham Creek
      86853

      0349

M2

Bonham Creek
      88722

      1866

M3

Sally Branch

      88380

      2936

H1

Bonham Creek
      87559

      2507

H2

Bonham Creek
      87635

      1128

H3

Sally Branch

      88060

      2851

The data were taken 21–24 May 2002 by Tony Krzysik using a Magellan GPS 315
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Arboreal Ants

The arboreal ant Crematogaster ashmeadi is an important food resource for the endangered red-cockaded woodpecker.  In May 2002, we began a systematic survey of Crematogaster ashmeadi, and other ants, on pines and oaks at all our sample sites.  Prior to this, we had only collected the occasional arboreal ant in our pitfall traps.

We collected 2824 ants at our nine research sites, belonging to 14 species.  At each site, we collected four sub-samples of ants from pines and four sub-samples from oaks.  Each sub-sample consisted of all the ants found during a 10-minute search of the lower trunk of one or more trees.  We used aspirators to suck up ants.

We used a loglinear analysis to examine the relationship between the four most common ant species (Crematogaster ashmeadi, Brachymyrmex depilis, Dorymyrmex pyramicus, Solenopsis invicta), kind of tree (pine, oak), and sampling site (L1 through H3) in a 4 x 2 x 9 contingency table.  Assessing statistical significance among ant species, tree taxa, and research sites was not possible because of a highly significant three-way interaction (Likelihood Ratio Chi-square = 1296.6, df = 24, P < 0.0001.  Thus, the occurrence frequency of a specific ant species depends upon both the kind of tree (pine or oak) and the research site (possibly level of disturbance).

Crematogaster ashmeadi was equally common on both pines (longleaf, shortleaf, and loblolly) and oaks (several species).  As reported by Johnson (1988), there are two color morphs (possibly two sibling species), a dark form that is prevalent on oaks and a bi-colored form that is prevalent on pines.  Larger trees of both genera had more arboreal ants than did smaller trees.  Moreover, roughness of the bark may be associated with the abundance of arboreal ants.

Of the remaining 13 species, only Brachymyrmex depilis is consistently associated with trees, commonly nesting at the base of trees.  At most sites, it was more abundant on pine than on oak.  The other species of ants are ground-nesting ants that occasionally nest at the base of trees, or forage on the trunks of live trees.  For a species list and more detailed information see the Quarterly Report by John Graham.

Community Spatial Analysis of Woody Ground Cover

Data collected along transects in April/May 2002 have been analyzed for Information Dimension, Box Dimension and Detrended Fluctuation Analysis (DFA) beta values. For a detailed description of each technique, field collection methods, analyses results, and extensions of the analyses for 2003 see the Quarterly Report by John Emlen and Jeff Duda.

Species Diversity:

Species diversity decreases as disturbance level increases.  Of more interest, the coefficient of variation in H’ scores are greatest in the least disturbed areas at the smaller scales (segments 5cm to 625cm), but smaller at the largest scale (3125cm).  Thus, predictability of species composition is lower in the least disturbed areas than in the mid/highly disturbed areas at scales of 6.25m.  This situation reverses at a scale somewhere between 6.25m and 31.25m.  How this fact can be explained at the lower scales is not, at this point, clear.

Box Dimension:

For all segments in a transect of lengths 2, 25, 615 and 3125cm, log(number of segments covered by a plant) was plotted against log(scale).  The negative of the slope of this curve (which fit a straight line  (R min = .973) is the “box” dimension, and provides one measure of the complexity of organization in the community over the range of scales utlilized. Expectation, a priori, is that complexity is compromised by disturbance.  The trend is as expected, but is not statistically significant.

Detrended Fluctuation Analysis (DFA):

 For this analysis, presence (+1) and absence (0) scores are added across adjacent centimeters. The variances of the sums are then calculated over all segments of length 5cm, 25cm, etc.  If the organization of the community is random . . . i.e., there is no autocorrelation across space, the variances should increase linearly with the length of the segments.  The situation, in fact, is exactly that of the Brownian random walk.  If variance increases at less than the segment length to the first power, then community organization is “antipersistent,” that is, deviations in structure across space tend to correct themselves.  If the power exceeds 1.0, then the deviations tend to become exaggerated with distance.  The expectation is that disturbance will push the exponent toward 1.0 (randomness). 

DFA analysis was conducted for several of the major species independently, and for all species together.  Crataegus, Rhus radicans and Vaccinium, which are common shrubs in the undisturbed sites and much less so on the disturbed sites (the latter doesn’t even appear in two of the three highly disturbed areas) show values diverging from 1.0 (randomness) with disturbance, as does the community as a whole (see discussion in relation to fire, below).  Does this mean that undisturbed communities are more randomly organized?  This, certainly, is not what one would expect.  Rubus, an opportunistic species occurring most frequently in the disturbed sites (and, therefore, presumably adapted to disruption), shows the opposite trend. None of the trends, however, is statistically significant. 

The lack of statistically significant relationships in the above data suggests either that the various transect measures are not particularly sensitive, or that they are reflecting a far greater array of stressors than have been recorded in this study.  One possible source of noise in the data is the presence of changing topography and physical factors (such as tree canopy or soil chemical composition, etc.).  Unfortunately, we currently have no data that can be brought to bear to “correct” for such variability.  That appropriate correction might aid us considerably is suggested by the work of others in Spain, who found DFA to be a reliable and strong indicator of disturbance in simple, desert communities.  As a partial attempt at such corrections, without good data, we propose that local plant densities might reflect such external, environmental factors. Accordingly, for each centimeter in our transects, we calculated the number of intercepts (by all plants regardless of species) within 5cm, 50cm and 250cm.  We then regressed, centimeter-by-centimeter, the presence or absence of intercept on these (three scales) measures of plant density.  The residuals (i.e., “corrected” walk) was then used in DFA analysis.  This “correction” gives us an entirely different picture (Fig.5-8). Now, it appears that disturbance has a fairly clear impact (beta for low impact vs. medium and high, combined is significant at the 0.02 level . . . t6 = 3.45).  The suggested increase in community structural order with current year fire now looks extremely dubious.  The trend with fire intensity the previous year is more obvious; the difference between no fire and low intensity fire sites is nearly significant (t4 = 1.86), and the single point at fire intensity=2 differs from the value for fire intensity=0 (t4 =3.22, p( 0.05), and almost manages to be significantly different from that for fire intensity=1 (t1 =7.40, p ( 0.10).  On the other hand, the relationship between beta and time since last fire disturbance is entirely muddied.  Presuming that the means of data “correction” are valid, we must conclude that disturbance significantly increases community structural organization, and that current year burning significantly reduces this organization.

Microbial Functional Diversity and Associated Metrics

Ongoing Field Research 

One hundred and eight, 300 g composite soil samples, taken to a depth of 15 cm, were collected from each of the nine research sites at both upland and bottomland areas at Bonham Creek and Sally Branch watersheds.  This is the first time that samples were collected at Sally Branch.  Laboratory protocols have been established that ensure that all time dependent chemical and microbial analyses are completed on the Fort Benning soil samples within one week of collection.  Evaluation of soil parameters, such as pH, and soil organic matter content, that can be performed on air-dried soil are currently being conducted. 

Onset data loggers for air and soil (15 cm) temperatures were downloaded during this field trip.  The loggers had been collecting data since November 2001.  Fire damage to logger in site M1 was repaired.  Although the fire damaged the sun shield, the logger was intact and functional.   Once data was retrieved, the loggers were re-launched to collect data until the November trip.

Litter bags containing longleaf pine needles were collected after six months in the field.  We are currently cleaning the bags to determine percentage mass loss.  The fires at M1 and H2 did singe some needles but did not destroy the litter bags.  The next litter collection date will be in November.

Soil Chemical and Physical Characteristics

Initial pH measurements indicated that soil Ph has not changed for the various sites over the past three years.  NO3-N values are substantially higher in all sites then in previous years.  Extractable NO3-N values increased by fifty percent from values obtained in November 2001 and in May 2001 for all locations.  The highest levels of extractable NO3-N for all locations have been observed from this sample period and were associated with Medium Disturbance sites.  There were no differences between upland and bottomland locations.  The higher levels of NO3-N in soils of this sampling period may reflect a decrease in plant uptake coupled with decreased leaching due to low rainfall.  The pattern in levels of NO3-N between the various disturbance classes differed substantially between years.  In May of 2001, the highest levels of NO3-N were detected in the High Disturbance areas.  Only the Low Disturbance areas have been consistent in their levels of NO3-N, except for this time period.  The Sally Branch Low Disturbance location has the highest NO3-N levels of any of the other Low impact sites.

Microbial Functional Diversity and Microbial Activities Associated with Watershed Soils

We are currently analyzing the bacterial and fungal functional diversity data from the May 2002 samples.  Export of these data to Excel spread sheets is in progress and it is anticipated that these data will be evaluated by the end of July.  

Initial inspection of the functional diversity data suggests that the winter and spring drought has reduced bacterial functional diversity to low levels with no substantial differences observed among disturbance classes.  Fungal functional diversity also appears to be also influenced by the drought with the highest fungal functional diversity associated with the Low disturbance sites.  Fungal functional diversity decreased with increasing levels of disturbance.  For additional details see the Quarterly Report by John Zak. 

Developmental Instability and Plant physiological Responses

During the period of April to June 2002, we collected leaves from 40 individual plants of Winged Sumac (Rhus copallina), Morning Glory (Ipomoea pandurata), and Tread-Softly (Cnidoscolus stimulosus) from each of the nine study sites. These leaves will be used in studies of developmental instability.  Photosynthesis, transpiration and stomatal conductance were measured on three leaves per plant of 15 plants of sumac and ipomoea at each research site.  In addition, we estimated total plant cove, litter, and bare ground, around each plant whose leaves were collected. 

The data on photosynthesis, transpiration and stomatal conductance has been transferred to an excel spreadsheet.  We have yet to input the data on the cover of bare ground, litter, etc.  For additional details on specific plant species laboratory measurements and sample sizes see the Quarterly by Carl Freeman.

Nutrient Flux and Leakage

Laboratory work:

Lysimeter samples from February, March , April and May were partially analyzed for anions and cations.  Soil and forest floor samples taken in February, 2002 were analyzed for organic C.  Soils were also extracted with KCl for nitrate and ammonium analysis.  Chemical analysis has not been completed. 

Field work:

Lysimeter samples were collected at Fort Benning in April and May, 2002.  Soil and forest floor samples were also taken in May 2002.  Soil and forest floor samples were collected for mineralization studies and in situ field incubations.  

All lysimeters on our M 1 site were destroyed when a control burn spread to our site in March.   We replaced all lysimeters on the site in May, 2002.  Other lysimeters damaged by feral hogs and rodents were also repaired. 

Forest floor and soil carbon analyses

Soil and forest floor carbon may be an important indicator of ecosystem biological integrity on Army training sites.  We hypothesized that soil carbon would be inversely proportional to the level of training intensity.  Soil carbon as a biological indicator may provide a relatively simple method to determine the levels of training intensity and past disturbance on a site. 

Soil samples were taken near each of six lysimeters at all nine research sites.  Soil and forest floor carbon levels were determined using the loss-on-ignition method (LOI) (where soils are sandy and low in clay, this is an acceptable method to determine the organic content of soils).

The upland high disturbance sites were significantly lower in soil carbon than either the low or medium upland sites.  Soil carbon levels on the bottomland sites did not differ significantly among disturbance classes.  Forest floor carbon levels followed a similar trend.  Although the findings are preliminary, they support our idea that carbon levels are inversely proportional to the level of training disturbance.  The upland sites clearly show this relationship.  Carbon levels may provide a simple, economical, sensitive, and ecologically relevant way to assess training disturbance in the context of ecological process and integrity criteria.  For additional details and graphical data see the Quarterly Report by Dave Kovacic.
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A.J. Krzysik

H.E. Balbach, M. Brown, J.J. Duda, J.M. Emlen, D.C. Freeman, 

J.H. and K. Graham, D.A. Kovacic, M. Wallace, J.C. Zak

SERDP-EI Research Team   

This report discusses the research activity of the our research team during

1 July – 30 September, 2002  

Presentations and Associated Research

Paper presented at the Ecological Society of America Meeting,

4-9 August 2002, Tucson, Arizona 

6 August 2002, Development of Ecological Indicator Guilds for Land Management

Poster presented at the Ecological Society of America Meeting,

4-9 August 2002, Tucson, Arizona 

8 August 2002, Response of Terrestrial Arthropod Communities to Physical Habitat Disturbance

The Soil FungiLog Procedure: Method and analytical approaches towards understanding fungal functional diversity.  Submitted to Mycologia by Sobek, E. and J.C. Zak.

Assisted ERDC-CERL with Site Condition Index

White Paper: 19 August 2002, Site Condition Index Development at Fort Benning Georgia, 7pp

Teleconference meeting 9 September 2002

Preparation of Abstract for SERDP “Partners in Environmental Technology Technical Symposium and Workshop, 3-5 December 2002, Washington, D.C.

Development of Ecological Indicator Guilds for Land Management: Characterizing Ecosystem Metrics Along a Disturbance Gradient

Abstract sent in 23 August 2002
Abstract accepted 4 October 2002.

Team Research Coordination and Planning Meeting

14-15 September 2002, Champaign, Illinois

The first occasion that all seven major PIs met together in the identical space/time frame  

Preparation of presentation for SERDP Science Advisory Board, 15 October, 2002, Washington, D.C.

Preparation of draft presentation for SERDP Technical Advisory Committee, 28 October, 2002, Columbus, Georgia

Habitat Characterization at Fort Benning

The detailed description of field and analysis methods for habitat data can be found in Krzysik’s Quarterly Reports 30 June 2001 and 30 June 2002.  Graphical results for this discussion can be found in Krzysik’s Quarterly Report 30 September 2002.

Canopy Cover 2001 - 2002:

Levene’s Test:  P<0.001

Tamhane’s T2:

Low > High

P<0.001

Medium > High
P<0.001

A-Horizon Soil Depth 2001 - 2002:

Levene’s Test:  P<0.001

Tamhane’s T2:

Low > Medium
P<0.001

Low > High

P<0.001

Medium > High
P<0.001

Soil Compaction 2001 - 2002:

Levene’s Test:  P<0.001

Tamhane’s T2:

High > Medium
P<0.001

High > Low

P<0.001

Medium > Low
P<0.001

Soil Shear Stress 2002:

Levene’s Test:  P=0.58

Tamhane’s T2:

Low > High

P=0.012

Tree DBH (Diameter Breast Height) 2001 - 2002:

Levene’s Test:  P<0.001

Tamhane’s T2:

Medium > Low
P<0.001

Medium > High
P<0.001

Distribution of DBH Classes 2002

Tree numbers rapidly decrease as the basal area classes get larger.  Tree densities at the Medium sites are only slightly less than at the Low sites.  However, the High sites have a much lower density of trees in all DBH size classes. 

Two interesting relationships are evident when the DBH size class data were plotted on a log scale.  The decrease of tree numbers with Basal Area Class becomes linear, indicating a simple exponential relationship.  Interestingly, the effect of disturbance class increases evenly and consistently as basal area classes increase.  This effect is evident for BOTH the difference between Low-Medium, AND Medium-High. 
Comparison of Tree Counts on 2001 and 2002 Sampling Plots 
Two different methods were used to delineate tree sampling plots in 2001 and 2002.  A simple square plot was used in 2001, which depended on the surveyors visually estimating the corners of the plot on the basis of flagging located in the center of each of the four plot boundaries.  A more reliable method was employed in 2002 using an accurately located circular plot where all trees were marked with chalk as they were measured to insure that there were no multiple counts.  Interestingly, when the total numbers of all tree species tallied were considered, both methods yielded similar results.  But more trees were counted in 2002, indicating that some  individual trees were missed in the 2001 survey.  For more detailed results see Krzysik’s 30 September 2002 Quarterly Report.

Invertebrate Communities at Fort Benning

Taxa identification for all the ant and grasshopper samples collected from 2000 to 2002 were completed during this period.  Identification is continuing for spiders, which are much more difficult to identify and count, because of the high diversity and the diffuse taxonomic literature.  Ants and grasshoppers were identified to species, but even George Uetz (a well-known spider ecologist) doesn't bother taking spiders to species.  Spiders are being identified to genus, with finer taxonomic distinctions classified as “morphospecies”.  

A photographic key to the common ants of Fort Benning was completed, containing all the species that have been collected -- 28 species, in 5 families.  The key contains several detailed photos of each ant, and a list of diagnostic features.  A key to the common spiders of Fort Benning is also under preparation.  For more detailed results see Graham’s 30 September 2002 Quarterly Report.

Developmental Instability as Measured by Fluctuating Asymmetry

The following measurements were taken from each leaf of Tred-Softly (Cnidoscolus stimulosus):

[image: image64.jpg]



These eighteen measurements were then paired to produce three measures of tooth asymmetry and six measures dealing with lobe width (e.g., the asymmetry in the width of the middle lobe indicated by difference between measures H and I on the image above), length (J, G, and M) or angle (Q, P, and R).

A principal components analysis was used to reduce the multiple measures from the same leaf to a smaller number of independent variables.  Principal Component One (Factor 1) represents the largest source of measurement variance and effectively reflects the magnitude of overall leaf symmetry.  Fluctuating Asymmetry (FA) as quantified by Factor 1 increased with site Disturbance Class in 2000 (means and standard errors are shown).  A similar, but less dramatic increase was seen in 2002.  The spring of 2002 was much wetter than the spring of 2000, suggesting that the plants may have been more stressed in 2000, and therefore expressing a larger degree of FA.  For more detailed results see Freeman’s 30 September 2002 Quarterly Report.
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Microbial and Soil Ecology

Microbial and nutrient analyses were completed for all composite soil samples collected in May 2002 from all nine research sites, at both upland and lowland subsites.  The highest amounts of Microbial Biomass Carbon for upland sites in May 200 were found in the medium disturbed sites M2 and M3 sites.  The lowest mean levels were found in the highly disturbed H1 and H2 sites.  Levels for the H3 site were similar to the Medium disturbance sites of M2 and M3.  The lowland locations, except for M1 and H3 continued to have the highest levels of microbial biomass carbon of any location.  The higher levels in the lowland sites reflect the more favorable conditions for microbial growth, than occurs in the upland locations.  The effects of fire and drought are mitigated in the lowland areas.

Soil NO3-N levels were highest in the Medium and High disturbance sites compared with the Low disturbed sites of L1 and L2.  NO3-N levels in the L3 site were similar to those found for the Medium and High disturbance sites.  The lowest levels of extractable NO3-N levels were associated with the Low Disturbance sites in the Bonham Creek Watershed locations.  The Medium Disturbance sites had the highest levels of NO3-N detected from the May 2002 sampling.  The pool size of NO3-N is very dependent upon plant uptake and soil moisture levels and is very dynamic.  The higher levels in the Medium and High Disturbance sites reflect the higher level of disturbance from fire and physical disturbance at these locations and the associated decline in plant uptake in response to disturbance.

Extractable NH4-N levels were did not differ substantially among Upland sites except for 

the L3 and M2 locations.  The highest mean level of NH4-N for an upland location was associated with the M1 site.  The lowest level was associated with the L3 upland site.  NH4-N levels in the lowland locations varied considerable among locations with no discernable pattern in response to disturbance.  Differences among sites probably reflect differences in mineralization rates coupled with plant and microbial uptake rates for this important nutrient at each location.

Soil pH was usually between 5.0 and 5.5 for upland and lowland location except for the L2, and H1 and H2 lowland locations.  The higher soil pH in the L2 site reflects the previous fire regime for this site, which would increase the soil pH to more neutral conditions.  The higher soil pH values for the lowland locations in H1 and H2 may reflect the increase in extractable NH4-N levels for these sites during this sampling period.

Mass loss of loblolly pine (Pinus taeda) leaf litter averaged 25% after six months of field placement across most disturbance class sites at the Bonham Creek watershed.  Mass loss was greater in the lowland areas in the H1 and H2 locations when compared with the other sites.  The H2 upland site exhibited the highest variation in mass loss in response to a fire that passed over the area singeing several litterbags.  The uniform decomposition rates, irrespective of disturbance levels, reflect the impacts of the drought conditions that prevailed in the region during the first six months after field placement.  Under drought conditions mass loss across sites was controlled primarily by abiotic constraints and was not influenced by site-specific impacts of disturbance.  For more detailed results see Zak’s 30 September 2002 Quarterly Report.

Nutrient Dynamics and Leakage

Lysimeter samples from April and May were analyzed for anions and cations.  Soil and forest floor samples taken in February, 2002 were analyzed for organic C.  KCl extracts of field soils and litter were analyzed for nitrate and ammonium.  A laboratory incubation experiment to determine the mineralization potential of litter and soil on sites was also conducted.

Calcium, magnesium, nitrate, and sulfate concentrations exhibited significant differences among  site disturbance classes and sample dates.  Lysimeter concentrations peaked in July on the High disturbance sites, while Low and Medium sites followed opposite trends for Ca, Mg, NO3, and SO4 in August and September of 2000.  Lysimeter concentrations increased in mid-June 2001, and were low the winter of 2002.  Sulfate levels increased in February 2002, while concentrations of Ca, Mg, and nitrate indicated increased soil solution nutrient concentrations later in June.  Soil solution concentrations of Ca, Mg, nitrate and sulfate show consistent seasonal trends.  However, soil solution nitrate is the only nutrient exhibiting consistently greater concentrations on the high disturbance level sites.  While there is an apparent seasonal trend in nitrate, soil solution nitrate concentrations are extremely low on all sites, and do not appear to be a dependable indicator of disturbance. 

Following disturbance, the ability of forests to fix and store carbon is reduced.  Carbon losses are directly related to disturbance levels.  Therefore, forest floor and soil carbon levels may indicate the degree of site disturbance.  The amount of biomass in an ecosystem is proportional to the influence the system exerts over future disturbance.  Thus, ecosystems with large amounts of biomass (i.e., organic carbon) have a high level of homeostasis and greater resistance to disturbance.  Alternately, those systems with low carbon have a low level of homeostasis.  The ability to retain nutrients is also directly proportional to the amount of soil carbon.  In less disturbed sites, where carbon levels are high and nutrient levels are low, nutrients are immobilized through microbial activity.  Therefore, rapid nutrient losses are resisted in less disturbed ecosystems.  Soil and forest floor carbon may be an important indicator of ecosystem biological integrity on Army training sites.  We hypothesized that soil carbon would be inversely proportional to the level of training intensity on Fort Benning sites.  Soil carbon as a biological indicator may provide a relatively simple method to determine the levels of training intensity and past disturbance on a site. 

Litter and soil samples were taken near each lysimeters at all nine research sites to determine carbon content based on “loss-on-ignition.  Upland High disturbance sites were significantly lower in carbon than either Low or Medium upland sites.  Carbon levels in the lowland subsites did not differ significantly across the disturbance gradient.  Forest litter carbon levels followed a similar trend.  Although the findings are preliminary, they support our idea that carbon levels are inversely proportional to the level of training disturbance. The upland sites clearly show this relationship and carbon levels may provide a method to determine levels of training disturbance.

Soil and litter samples from all sites were incubated in the laboratory to determine their mineralization and nitrification potential.  Samples were collected in Feburary 2002, a time of low nutrient uptake, when soil nutrients would be immobilized in the fungal/microbial pool.  

Initial litter ammonium was variable and there were no consistent trends.  After four weeks of incubation litter N levels were still quite variable exhibiting no consistent trends.  Initial soil ammonium was also variable, and ammonium levels exceeded nitrate levels at all nine research sites.  Initial soil nitrate levels were less variable than the litter values.  After four week of incubation soil N levels exhibited significant trends across the disturbance gradient.  The highest ammonium levels were found in the Low soils, while the lowest ammonium levels were found in the High soils.  Soil nitrate levels were consistently lower at the Low sites and largest at the High sites.  The average Low site nitrate concentration was significantly lower than the Medium site concentrations, and the Medium site concentrations were significantly lower than the High site concentrations.

Soil inorganic nitrogen mineralization potential followed the hypothesized trend.  Less disturbed sites exhibit low nitrification levels with ammonium as the major form of inorganic nitrogen.  Older ecosystem seres (i.e., more stable) typically utilize ammonium as the major source of plant inorganic nitrogen.  Theoretically, uptake of ammonium is energetically more efficient as is plant uptake.  Nitrate is the major form of inorganic N utilized by plants in more disturbed ecosystems.  The differences between disturbance level inorganic N is a result of the different detrital food webs that dominate the sites.  Less disturbed site have a more highly developed forest floor layer that favors lower decomposition rates and more fungal development.  Fungi have the ability to translocate nutrients from the soil into the surface residue and to tolerate lower water potentials that occur in surface residues.  The more disturbed sites, have lower carbon levels in the soil and poorer litter development.  Bacteria appear to increase in more disturbed soils, where they may be more important in the decomposition of buried residues in closer contact with soil nutrients.

The initial results of our incubation study indicate that soil mineralization potential may provide an accurate method of identifying intensity of disturbance on military training sites.  It may also allow the identification of disturbance across a continuous gradient, as opposed to a discrete lumping of sites into Low, Medium, and High disturbance classes.  Further analyses much be conducted across Fort Benning training areas, as well as other regional Army training areas to assess if this trend is consistent and reliable.  For more detailed results see Kovacic’s 30 September 2002 Quarterly Report.
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Figure 6.  NMS Woody Ground Cover
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Figure 4.  NMS Woody Ground Cover

2001
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Figure 2.

  NMS Woody Ground Cover

2001

Axis 1

Axis 3








_1070883733.ppt


H1

H2

H3

L1

L2

L3

M1

M2

M3

Figure 10.  NMS General Habitat
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Figure 11.  NMS General Habitat
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Figure 9.  NMS General Habitat
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Figure 7b.  NMS General Habitat
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Figure 7c.  NMS General Habitat
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Figure 24.  NMS Woody Ground Cover

2001

Axis 2
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Figure 26.  NMS Ant Species 2000
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Figure 28.  NMS Ant Species 2000
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Figure 29.  NMS Ant Species

2000
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Table 1.  Research Sites

in Two Watersheds

Sand Hills Physiography

Fort Benning, Georgia

Bonham Creek

Low Disturbance:

	L1   L2
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	H1   H2
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Figure 27.  NMS Ant Species
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Figure 25.  NMS Woody Ground Cover

2001

Axis 3

Rank
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Figure 22.

  NMS Woody Ground Cover

2001
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Figure 23.  NMS Woody Ground Cover

2001

Axis 1

Rank
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Figure 21.

  NMS Woody Ground Cover

2001
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Figure 12.  NMS NonWoody

Ground Cover
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Figure 16.  NMS Trees

(density, mean DBH, SD DBH)
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Figure 18. NMS Trees

(density, mean DBH, SD DBH)
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Figure 19. NMS Trees

(density, mean DBH, SD DBH)
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Figure 17.  NMS Trees

(density, mean DBH, SD DBH)
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Figure 14.  NMS Trees

(density, mean DBH, SD DBH)
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Figure 15.  NMS Trees

(density, mean DBH, SD DBH)
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Figure 13.  NMS NonWoody

Ground Cover
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Figure 3.  DA using NonWoody

Ground Cover
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Figure 5.  DA using

Microbial Community
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Figure 6.  DA using

Ant Community
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Figure 4.  DA using Woody

Ground Cover
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Figure 1.  Discriminant Analysis using General Habitat Variables
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Figure 2.  DA using  Trees

  DBH >/= 5 cm
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