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Development of Ecological Indicator Guilds
Figure 1a reviews our technical approach in this project, and Figure 1b provides our analysis strategy and milestones.    
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Figure 1a.  Technical approach for the identification of Ecological Indicators.
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Figure 1b.  Analysis strategy and milestones for developing Ecological Indicator Guilds and Ecological Indicators.

Table 1 summarizes the development of Ecological Indicator Guilds from six Ecological Indicator Systems: General Habitat Variables, General Ground Cover, Woody Ground Cover, Soil Chemistry, Microbial Community, and Ground/Litter Ant Community.  Discriminant analysis (DA) was performed on the six Ecological Indicator Systems to extract Ecological Indicator Guilds.  DA weights the 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:






VˈBv /vˈWv = (
( represents the discriminating criterion, and the discriminant problem reduces to extracting the set of weights, or coefficients, that maximizes (.  In other words, covariance structure among groups is maximized, while minimizing within groups covariance.  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.  DA has several desirable properties.  When sample sites lie along a disturbance gradient, DA identifies the variables that best define the gradient.  Because the method is sensitive to data matrix singularity, variables that possess high colinnearity with other variables, a common situation with environmental parameters, are a priori rejected from analysis (Tabachnick and Fidell 2001).  Both direct (all variables entered simultaneously) and step-wise methods were used in the DA.  Step-wise methods have been severely criticized (Green 1979), but their use in conjunction with direct analysis assists in assessing the robustness of analyses.  In all the analyses presented here, both methods yielded identical patterns.  The results of direct analyses were used to derive the discriminant scores that were plotted in the figures.  

Detailed field methods for collecting habitat data can be found in Krzysik 2001 and Krzysik 2002.
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Table 1.  Development of Ecological Indicator Guilds from Ecological Indicator Systems using Discriminant Analysis.  Note the reduction in variables required to characterize the disturbance gradient
Habitat Ecological Indicator Systems

Three Habitat Ecological Indicator Systems were effective in characterizing the disturbance gradient in discriminant space.  A fourth system, “Tree Community” was not as effective, indicating that the tree community has either not responded to, or has had insufficient time to respond to the environmental conditions produced by military training activities.  A-Horizon Soil Depth and Soil Compaction (General Habitat Guild) were the most important habitat variables to discriminate among the three disturbance classes (Figure 1).  Note how symmetrical the mean discriminant scores are in DF1 space: Low sites = +2, High sites = -2, while Medium sites = 0.  This was a remarkable and significant result.
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The General Ground Cover Guild required both Discriminant Functions to separate sites in the disturbance gradient.  Bare Ground and Woody Species Richness separated the High site from less disturbed sites in DF1 (Figure 2), and DF2 separated the Low and Medium sites on the basis of forb and grass cover (Figure 3).
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In the Woody Ground Guild two species of brambles associated with sandy disturbed soils, two species of upland xeric oaks (sand post and bluejack), and a wild plum effectively characterized the disturbance gradient.  Additional analyses are planned for this guild with the 2002 data set which has recently been completed.

Soil Chemistry Ecological Indicator System

Four of the six variables: Soil Organic Carbon, Microbial Carbon Biomass, Nitrate, and pH were important in classifying the sites in the disturbance gradient (Figure 4).  DF1 separated High from the less disturbed sites, while DF2 separated Low from Medium sites.  The discriminant analysis for both May and November data produced very similar results, indicating that there were no seasonal effects.
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Microbial Community Ecological Indicator System

Three of the four Microbial variables were effective in separating the sites in the disturbance gradient Bacterial Functional Diversity and Total Activity, and Fungal Total Activity.  Interestingly, the specific microbial variables and their respective contributions to Discriminant Functions were seasonally dependent, unlike the Soil Chemistry results.  Additional analyses are planned. 

Ant Community Ecological Indicator System

Twenty-seven ant species were collected over the three years of pit-fall trap sampling.  Discriminant analysis on the entire data set identified nine species that were effective in discriminating the research sites in the disturbance gradient.  DF1 separated the High from the less disturbed sites in all three years (Figure 5), while DF2 separated Low from Medium sites for all three years (Figure 6).  Importantly, discriminant analyses conducted separately for each year yielded very similar results.
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The distribution of ant species abundances among the three site disturbance classes and how they are related to the two Discriminant Functions are shown in Figure 7. 
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Note that the ordinate in this figure is a log scale.  Ant species codes and abundances are provided in Table 2.

Code    Species
       Number
         Percent
DoPy   Dorymyrmex pyramicus     94654
          96.70



PhSp   Pheidole sp.
          1713

1.750




FoPr   Forelius pruinosus

812

0.8295

BrDe   Brachymyrmex depilis
187

0.1910


PaPa   Paratrechina parvula

142

0.1415

ApFl   Aphaenogaster floridana 
130

0.1328

CrMi   Crematogaster minutissima
112

0.1144

CaCa   Camponotus castaneus 
  83

0.08479

ApAs   Aphaenogaster ashmeadi
  55

0.05619


Totals


        97888
        100.00 

Table 2.  The nine species of ground/litter ants derived from Discriminant Analysis that formed the Ground/Litter Ant Guild, and  defined the three disturbance classes (Low, Medium, High) in discriminant space.  The number and percent of each species collected in 2000, 2001, and 2002 are also provided. 

Dorymyrmex pyramicus  and four species (Aphaenogaster floridana, Paratrechina parvula, Pheidole sp., Camponotus castaneus) closely associated with less disturbed sites effectively separated the High from the less disturbed sites along DF1.  DF2 separated Medium from Low sites on the basis of three species (Paratrechina parvula, Forelius pruinosus, Crematogaster minutissima) more associated with Medium sites and two species (Aphaenogaster ashmeadi, Brachymyrmex depilis) more associated with Low sites.  Although from Figure 7 it appears that there is not a great deal of difference in species abundance patterns between Low and Medium sites for DF2, it is important to recall that each discriminant function represents a uniquely weighted combination of all 27 taxa, and the species represented in the figure are only those species that possess the highest correlations with the discriminant function of discussion.  Dorymyrmex pyramicus comprised 96.7 percent of all individuals in the Ant Guild (Table 2).  It was of interest to see how the dominance of this species effected discriminant analysis results.  Discriminant analysis was performed on the Ant Guild with this species absent from the analysis, and the identical pattern was retained (Figure 8).  Apparently, the removal of the dominant species merely reinforced the importance in DF1 of the four species associated with less disturbed sites. Note that for DF1 the two analysis retain the identical pattern, but without the dominant species the pattern is a little weaker (I.e., smaller positive and negative means).  DF2 retains the identical discriminating power between Low and Medium sites, but the signs of DF2 have reversed.  This is a common phenomenon in discriminant analysis and has no significance.
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Discussion and Conclusion

The Appendix summarizes our teams current knowledge base in constructing Ecological Indicator Guilds from the ecological variables we have been collecting in 2000, 2001, 2002.  Not all the 2002 field data have yet been analyzed.  
A-Horizon Soil Depth and Soil Compaction (General Habitat Guild) were analytically identified as important Ecological Indicators for characterizing a military disturbance gradient, based on the symmetrical distribution of site disturbance classes and the need for only a single discriminant function (Figure 1).  The Woody Ground Cover Guild also possessed excellent discriminating power, but requires additional verification with 2002 data.

Three additional Guilds were also able to separate the three disturbance classes along the disturbance gradient, but required both discriminant functions: General Ground Cover (Figures 2 and 3), Soil Chemistry (Figure 4), and the Ground/LitterAnt Community (Figures 5 and 6).  

The Microbial Guild was only able to separate the High sites from the less disturbed sites, but all data were not available for analysis at this time.  Additional work is actively being pursued on this Ecological Indicator system.

The Ground/Litter Ant Guild (9 species) shows a great deal of promise as an indicator of disturbance gradients, because of the reliable and consistent results obtained in each of the three years, whether analyzed as separate years or as all years combined (as presented here).  The Ant Community was an effective discriminator of the disturbance gradient even after the numerically dominant Dorymyrmex pyramicus (representing 89.7 percent of all ants collected, 96.7 percent of the Ant Guild) was removed from the analysis.  The other eight species represented 3.1 percent of collected ants.  The remaining ants were the imported fire ant (5.7 percent) and 17 uncommon or miscellaneous species (1.6 percent).

The A-Horizon Soil Depth appeared very promising as a robust Ecological Indicator and motivated a comparison with the Savanna River Ecology Lab data set.  SREL established 32 research sites at Fort Benning, 16 in “Lightly” used landscapes and 16 in “Heavy” used training areas.  John Dilustro, who collected the soil data, predicted that their “Light” sites should correspond to our “Medium” sites, while the “Heavy” and “High” should be similar.  Figure 9 presents the results of this comparison.  It was remarkable to see how close our data matched the SREL data.  The standard deviations demonstrate the high variability among measurements and individual sites.  Contrastingly, the standard errors for these data are very small, reflecting the high sample sizes.  Within each data set the difference between disturbance classes were statistically highly significant (ANOVA, P<0.001).  At this time I do not know if all the SREL data were collected in the Sand Hills.  We are investigating these data along with Soil Compaction in more detail.    
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Figure 9.  A-Horizon Soil Depth comparison between our Low, Medium, and High sites and Savanna River Ecology Lab Light and Heavy sites.

The Guild analyses presented here provides excellent foundations and support for the feasibility and value of this approach for military land management in a multiple-use context.  These data were collected at and are directly relevant to nine sites in the Sand Hills physiography of Fort Benning, and must be validated in other Sand Hill sites both on and off the installation.  After the reliability and applicability of the Ecological Indicator Guilds are verified in the Sand Hills, they require additional testing for robustness at other physiographic landscapes of the Southeast. 
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Appendix

   

	Ecological Indicator System
	Ecological Indicator Subsystem
	Variables (N)
	Ecological Indicator Guild
	Ecological Indicators in Guild
	Status
	Potential ?
	Stability

	 
	 
	 
	 
	 
	 
	 
	 

	Habitat Characterization
	General Habitat
	11
	General Habitat
	A-Horizon Soil Depth, Soil Compaction
	Complete
	Excellent
	Excellent

	 
	General Ground Cover
	7
	General Ground Cover
	Bare Ground, Woody Species Richness, Forbs, Grass
	2002 data required
	Good
	Good to Poor

	 
	Woody Ground Cover Community
	34
	Woody Ground Cover Community
	2 Rubus, 2 Quercus, 1 Prunus
	2002 data required
	Good
	Unknown

	 
	Herbaceous Ground Cover Community
	?
	Herbaceous Ground Cover Community
	2002 data required
	2002 data required
	Unknown
	Unknown

	 
	Tree Community
	45
	Not Promising
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Invertebrate Communities
	Ground Ant Community
	27
	Ground Ant Community
	9 species
	Complete
	Excellent
	Unknown

	 
	Arboreal Ant Community
	?
	Not Promising
	 
	 
	 
	 

	 
	Spider Community
	?
	Not Promising ?
	 
	 
	 
	 

	 
	Orthopteran Community
	?
	Not Promising ?
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Soil Chemistry
	Soil Chemistry
	5 ?
	Soil Chemistry
	Organic Carbon, Nitrate, Ammonium  ?
	In progress
	Excellent
	Excellent

	 
	Soil Incubation
	2
	Microbial Transformation
	Nitrate, Ammonium
	In progress
	Excellent
	Excellent

	 
	Litter Incubation
	2
	Not Promising ?
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Microbial Community
	Microbial Community
	At Least 5
	Microbial Community
	All 5 variables, orher variables ?
	In progress
	Excellent to Good 
	Excellent to Good 

	 
	 
	 
	 
	 
	 
	 
	 

	Nutrient Flux/Leakage
	Nutrient Flux/Leakage
	9
	Nutrient Dynamics
	?
	In progress
	Unknown
	Unknown

	 
	 
	 
	 
	 
	 
	 
	 

	Plant Physiology
	Photosynthesis
	?
	?
	?
	In progress
	?
	?

	 
	Transpiration/Stomatal Conductance
	?
	?
	?
	In progress
	?
	?

	 
	Plant Growth
	?
	?
	?
	In progress
	?
	?

	 
	Carya Parasite Stress
	?
	?
	?
	In progress
	?
	?

	 
	 
	 
	 
	 
	 
	 
	 

	Plant Developmental Instability
	Rhus
	?
	?
	?
	In progress
	?
	?

	 
	Cnidoscolus
	?
	?
	?
	In progress
	?
	?

	 
	Ipomoea
	?
	?
	?
	In progress
	?
	?

	 
	Vitis
	?
	?
	?
	In progress
	?
	?

	 
	 
	 
	 
	 
	 
	 
	 

	Plant Spatial Interactions
	Specialized Community Metrics
	?
	?
	?
	In progress
	?
	?

	 
	 
	 
	 
	 
	 
	 
	 

	Vertebrate Community
	Regional and Landscape Scale
	Sum of all taxa
	Southeast Vertebrates
	Not Applicable
	In progress
	Excellent
	Not Applicable

	 
	Not Applicable to 9 Research Sites
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Publications submitted during this time frame:

Development of ecological indicator guilds for land management: Classifying ecosystem metrics along a landscape disturbance gradient

Krzysik, A.J., D.A. Kovacic, M.P. Wallace, J.H. Graham, J.J. Duda, J.C. Zak, D.C. Freeman, H.E. Balbach, and J.M. Emlen 

Submitted to “Ecological Applications”

Complexity of floral community structure as an indicator of ecosystem disturbance and integrity

Emlen, J.M., J.J. Duda, D.C. Freeman, A.J. Kryzsik, J.H. Graham, D.A. Kovacic, J.C. Zak

Submitted to “Ecological Modeling”

Estimating disturbance effects from military training using developmental instability and physiological measures of plant stress

Duda, J.J., D.C. Freeman, M.L. Brown, J.H. Graham, A.J. Krzysik, J.M. Emlen, J.C. Zak, and D.A. Kovacic

Submitted to “Ecological Indicators”

Primary Research Effort

The entire research effort during this time period was the development of manuscripts for publication and the associated data analysis.  Three manuscripts were submitted during this time period (see above), and I have been involved with six manuscripts that were actively being worked on in this time frame (see below).  Additional manuscripts are also currently under development by all team members.   

Krzysik et al.

Simple and reliable ecological indicators for quantifying landscape disturbance

with B.S. Collins, J.J. Dilustro, J. Prenger, D.A. Kovacic, and M.P. Wallace

To be submitted to “Forest Ecology and Management”

Habitat structure and floristics along a military training disturbance gradient in the Fall-Line Sand Hills of the southeastern Coastal Plain

To be submitted to “Environmental Management” 

Graham et al.

Effects of habitat disturbance on ant (Formicidae) communities of the southeastern Fall-Line Sandhills

To be submitted to “Ecological Applications” 

Kovacic et al.

Soil mineralization potential as an indicator of ecological disturbance

To be submitted to “Journal of Environmental Quality” 

Freeman et al.

Developmental instability in shining sumac (Rhus copallinum  L);  Multiple: 

stressors, years, and responses

Net photosynthesis, transpiration, stomatal conductace and developmental 

intstablity across a gradient of mechanical disturbance and prescribed burns

Development of Ecological Indicator Guilds

Figure 1 reviews our technical approach in this project, and Figure 2 provides our analysis strategy and milestones.    
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Figure 1.  Technical approach for the identification of Ecological Indicators.
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Figure 2.  Analysis strategy and milestones for developing Ecological Indicator Guilds and Ecological Indicators.

Ecological Indicator Guilds were further developed and refined during this time period.  Six Ecological Indicator Systems (EISs) were analyzed with Discriminant Analysis (DA) to construct Ecological Indicator Guilds (EIGs).  The results of this analysis are summarized in the Appendix.  

The Habitat EIS produced four EIGs: Habitat, Ground Cover Plant Community, Ground Cover Oak Community, and General Ground Cover; all of which only required a single discriminant function (DF) to separate the three disturbance classes (Appendix).  The Tree Community was unreliable as an EIG.  The Habitat data using all 15 variables was not only very effective at discriminating the disturbance classes, but the Low-Medium-High sites displayed a strong symmetry relative to one another in discriminant space (Figure 3).  Strong discriminations were also achieved in DF1 as DA was continued with sets of 9, 4, 3, and even 2 variables.  The results for the two variable set – A-Horizon Soil Depth and Soil Compaction – are shown in Figure 4.  

The results for the Ground Cover Plant Community were also exciting because DA reduced the plant community from 126 taxa to nine species.  Interestingly, the nine species represented the complete range of plant growth forms: two tree seedlings (Cornus florida, Sassafras albidum), two shrubs (Rubus cuneifolius, Vaccinium arboretum), a woody vine/ground cover (Rhus radicans), a perennial forb (Aster patens), a perennial legume (Clitoria mariana), a perennial bunch grass (Andropogon virginicus), and an annual/biennial forb (Gnaphalium purpureum).  Less disturbed sites contrasted to High sites were influenced by Poison Ivy, Sassafrass, Flowering Dogwood, and an Aster.  The High sites were characterized by Sand Blackberry, and Medium sites had more cover of Broomsedge, Butterfly Pea, Purple Cudweed, and Sparkleberry.  It is critical to test the validity of this guild in other areas to assess the robustness and reliability of its species composition.  It is extremely gratifying to note that this guild contains common and very wide ranging species.

All eight species of oaks that we found in the tree community were also found as seedlings in the woody ground cover.  These species separated the three disturbance classes (Appendix).  However, as in the previous guild, it is imperative to test the robustness and reliability of this guild in other areas, to assess if the current analysis doesn’t reflect unique associations in a limited landscape evaluation.  The oak seedlings were difficult to identify for four important reasons: 

1) seedlings typically have different and more variable morphology than the parent trees

2) leafs in the shady understory often assume larger sizes and changed morphology, especially in reduced lobes

3) seedlings sprouting after a fire demonstrate changed and distorted morphology, including larger leaf sizes, due to the nutrient pulse and stored root reserves

4) there is a strong tendency in this oak community for species hybridization, and this is particularly evident in the seedlings, before strong selective pressures weed-out less fit genotypes

The General Ground Cover Guild was very promising because only five variables, easily measured by unexperienced field surveyors, were very effective at separating the three disturbance classes (Appendix).  These variables were: bare ground, deciduous litter cover, woody ground cover, total forb cover, and cover of pine seedlings.               

The Soil Chemistry EIS produced two EIGs, one for Spring data and the other for Fall data.  The Spring EIG separated the three disturbance classes with only a single DF, while the Fall required two DFs (Appendix).  Unfortunately, only 2000 data were available for analysis, because ammonium was missing in the May 2001 sample, and pH and soil organic matter were not yet available for the 2002 data.  DA, as in all multivariate analysis, requires that cases used in analysis have complete representation of their variables.  Therefore, it is unknown if parallel results would be achieved in other years.  The Spring (May) 2000 soil samples were collected during a major drought period, while the Fall (November) samples were collected over a wet period.  Undoubtedly, these represent major environmental influences that directly affect the microbial community, seasonality and the availability of fresh litter and moisture.  Soil chemistry is a critical component of the microbial community Canonical Correspondence Analysis because both data sets were derived from the identical soil samples.   

The Nutrient Leakage EIS produced a EIG, that separated the three disturbance classes with two DFs (Appendix).  The first DF clearly separated the High from the Low and Medium sites, while DF2 separated Low from Medium sites.

The Invertebrate Community EIS produced a Ground Ant Community EIG requiring two DFs to separate the three disturbance classes (Appendix).  The original ground ant community had 29 species of ants, including two species of Dorymyrmex, collected in pit-fall traps over three years (2000-2002).  Seven taxa of ants were sufficient to completely and effectively separate the three disturbance classes Figure 5.  The two Dorymyrmex species were combined for the analysis, because it was only recently recognized that this taxa comprises two species in the Fort Benning area.  Dorymyrmex made up 98.5 percent of the individuals in the guild.  Therefore, it was of interest to see how the removal of Dorymyrmex from analysis affected DA results.  Figure 6 presents the analysis results with only six species, and 1.5 percent of the ant individuals used in the previous analysis.  These results closely paralleled the previous analysis, providing evidence that the ant community composition is robust in its response to the military disturbance gradient.  The ant community data were also analyzed separately for each of the three years, and analysis results were consistent, adding further reliability to the robustness of this EIG.     

The Microbial Community EIS produced the Microbial Community EIG, but it was only capable of separating the High sites from Low and Medium sites (Appendix).  Data were used from upland sites over three years (2000-2002).  Data were collected in May and November each year from Bonham Creek (2000-2001), and from all nine sites in 2002.  There was a great deal of intra- and inter-site variability in this data set, including annual and seasonal effects.  DA is not the optimal method to use on the microbial data.  Canonical Correspondence Analysis is the desired statistical method to elucidate underlying relationships and untangle the complexity of microbial responses to soil chemistry and moisture, upland versus lowland sites, seasonality, weather, air and soil microhabitat temperatures, and fire.  All these parameters have been collected in direct association with the microbial community and are being analyzed by Ed Sobek and John Zak. 

The Plant Physiology EIG, produced the Cnidoscolus stimulosus DI EIG, but it also was only able to separate the High from Low and Medium sites (Appendix).  DI was evaluated using 9 fluctuating asymmetry (FA) metrics from leafs collected in 2000 and 2002.  This guild was considered unreliable, because most of the discriminating ability came from high FA values at the H1 site.  Another guild was constructed with four years data (1999-2002) from Rhus copallinum, using 12 metrics of FA, but this guild failed to discriminate among the three disturbance classes.  The years were analyzed separately, as well as, in combinations.  In separate analyses, DA did reveal that there were large difference in FA in 1999 and 2002 from the other two years, but especially between 1999 and 2002.  This was probably attributed to drought, because 1999 was not only our driest year, but the data were collected in July.  The data for all other years was collected in May, and 2002 had normal precipitation (our wettest year).  These data, and the other plant physiology data collected and analyzed, suggest that climate (e.g., drought) and the prescribed burns had more of an effect than military habitat disturbance.  Therefore, plant physiology metrics may be more useful as covariates in assisting to quantify cause-effect relationships in assessing and monitoring habitat disturbance due to military training activities.         
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Figure 3.  Mean and standard error of discriminant function scores for the discriminant analysis of the Habitat Ecological Indicator System containing 15 habitat variables.
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Figure 4.  Mean and standard error of discriminant function scores for the discriminant analysis of the Habitat Ecological Indicator Guild containing 2 habitat variables, A-Horizon Soil Depth and Soil Compaction.  Note that DF2 is meaningless, because the only two variables in the analysis load strongly on DF1.
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Figure 5.  Mean and standard error of discriminant function scores for the discriminant analysis of the Ground Ant Community Ecological Indicator Guild containing 7 ant taxa.
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Figure 5.  Mean and standard error of discriminant function scores for the discriminant analysis of the Ground Ant Community Ecological Indicator Guild after Dorymermex was removed from the analysis.  This guild contains 6 ant species.

Appendix

Summary of Ecological Indicator Guilds.

	Ecological Indicator System
	N Original Variables
	N Indicator Variables
	Discriminant Functions
	Disturbance Class Separation
	Statistical Significance

	
	
	
	
	
	

	
	Ecological Indicator Guilds requiring a single discriminant function

	Habitat
	15
	2
	DF1
	L—M—H
	0.001 (2, 33)

	Ground Cover
	
	
	
	
	

	Plant Community
	126
	9
	DF1
	L—M—H
	0.004 (2, 51)

	Oak Community
	8
	8
	DF1
	L—M—H
	0.007 (2, 51)

	General
	10
	5
	DF1
	L—M—H
	<0.001 (2, 51)

	Soil Chemistry (Spring)
	6
	6
	DF1
	L—M—H
	<0.001 (2, 33)

	
	
	
	
	
	

	
	Ecological Indicator Guilds requiring two discriminant functions

	Soil Chemistry (Fall)
	6
	6
	DF1
	H—LM
	<0.001 (2, 33)

	
	
	
	DF2
	M—L
	0.001 (2, 33)

	Nutrient Leakage
	12
	7
	DF1
	H—LM
	<0.001 (2, 410)

	
	
	
	DF2
	M—L
	<0.001 (2, 410)

	Ant Community
	29
	7
	DF1
	H—LM 
	<0.001 (2, 117)

	
	
	
	DF2
	M—L
	<0.001 (2, 117)

	
	
	
	
	
	

	
	Ecological Indicator Guilds only separating High from Low/Medium Sites

	Microbial Community
	4
	4
	DF1
	H—LM
	<0.001 (2, 249)

	
	
	
	DF2
	M = L
	0.74 (2, 249)

	Plant Physiology
	
	
	
	
	

	Cnidoscolus stimulosus DI
	9
	9
	DF1
	H—LM
	<0.001 (2, 1449)

	
	
	
	DF2
	M = L
	0.67 (2, 1449

	
	
	
	
	
	

	
	Ecological Indicator Systems without viable Ecological Indicator Guilds

	Tree Community
	48
	0
	
	
	

	Plant Physiology
	
	
	
	
	

	Rhus copallinum DI
	12
	0
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