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Guild Analysis of Fort Benning Vertebrates

The complete list of vertebrate guilds, exclusive of fish, is provided in Krzysik, Third QR, 2000.  Fish were also not included in this analysis.  The total number vertebrate taxa (excluding fish) potentially available at Fort Benning to be used as Ecological Indicators is 352 (Krzysik et al., Annual Report, 2000, Figure 12).  Taxa refers to species or subspecies of amphibians, reptiles, and mammals, and species for birds.  Taxa also includes individual hybrid swarms of amphibians and reptiles, even though each swarm may consist of 2 to 4 subspecies.  Migratory birds passing through West-Central Georgia and transitory or vagrant birds were documented, but not included in this figure.  This vertebrate data consists of 192 resident taxa, 15 hybrid swarms of reptiles and amphibians, 35 taxa of potential but unknown occurrence at Fort Benning, 6 extinct species of birds and mammals, 104 species of migratory birds that either nest (50) or spend their winters (54) at Fort Benning.  The hybrid swarms represent 2 to 4 subspecies in a zone of genetic introgression.  The extinct species represent three species of locally extinct mammals (cougar, red wolf, and bison), and three globally extinct birds (passenger pigeon, Carolina parakeet, and ivory-billed woodpecker).  In the current analysis, unknown and extinct taxa and migrant wintering birds were not included in the analysis.  However, hybrid swarms, migratory nesting birds, and nonnative taxa (N=6) were included.  Included exotic species were three mammals (house mouse, Norway rat [Small Omnivores] and feral pig [Large Herbivore]; and three birds (rock dove[Game Birds and Doves], house sparrow [Granivores/Insectivores], and European Starling [Omnivores].  Three other introduced species, 2 mammals and a lizard, were classified as unknown status and were not included.  The 15 hybrid swarms represent four amphibian taxa and eleven reptile taxa (Krzysik, Third QR, 2000).  A mammal guild, Large Carnivores, was eliminated from analysis because its two members were extinct.  Similarly, a reptile guild (Semi-Aquatic Chelonians) was eliminated because its single member (Spotted Turtle) was in the unknown category. 

Therefore current analysis represents the following taxa:








Taxa


Taxa




Class


Number of Guilds       Original (N)
  Current Analysis (N)
Amphibians


  9


  47


  39

Reptiles


11 


  63


  57

Birds



12

            180 

            110 

Mammals


12


  62


  50

Total



44


352


256

In this guild analysis, each of the 256 vertebrate taxa was evaluated by three criteria relevant to Ecological Indicator function and characteristics.  These three criteria were assessed on an ordinal scale of 1 to 5 based on the experience of the PI and relevant literature.

1) Sensitivity to Habitat Degradation  --  Pertaining to military training activities

impacting vegetation and soils  


      (1 = Not Sensitive,  5 = Very Sensitive)

2) Sensitivity to Human Disturbance  --  Pertaining to direct handling, harassment, or

collecting by humans; or sensitivity to noise of military training activities

(1 = Not Sensitive,  5 = Very Sensitive)


3)   Difficulty in sampling specific taxa   


      (1 = Relatively Easy,  5 = Very Difficult)

The results of this analysis are presented as 15 graphics in Appendix 1.  The first three figures represent analyses of the above three criteria for the four classes of vertebrates.

Sensitivity to Habitat Degradation:  Figure 1.  The data are the guild means and the ranges within class guilds.  Some guilds within reptiles and mammals were very sensitive to disturbance, while some guilds within amphibians, birds, and mammals were not particularly sensitive.  Overall, reptiles and amphibians showed the highest sensitivity to disturbance, while birds were the lowest.  Mammals were intermediate, but also exhibited the largest range of between guild sensitivity.

Sensitivity to Human Disturbance:  Figure 2.  The data are the guild means and the ranges within class guilds.  Individual reptiles, mammal, and bird guilds exhibited the full range of sensitivity to human disturbance, from being very sensitive to not being sensitive.  Because birds typically had more taxa in individual guilds the two extreme values of 1 or 5 were not realized.  Interestingly, amphibians were not very sensitive to human disturbance both in their mean and range values.  This is because most amphibians are very reclusive in both their behavior and microhabitat exploitation, and they are only casually found or observed by the public.  As a classification, reptiles were the most sensitive, followed closely by birds, and mammals were less sensitive than birds.  These data reflect the harassment that snakes receive, especially poisonous and nonpoisonous large snakes and the collection of turtles, lizards, and sometimes snakes for pets.  On the other hand, small mammals such as insectivores, bats, and most rodents are not readily observable or available for harassment or capture.  

Difficulty in sampling specific taxa:  Figure 3.  The data are the guild means and the ranges within class guilds.  These data clearly illustrate that reptiles and most mammals are very difficult to sample.  On the other hand, most birds are relatively easy to sample.  Amphibians as a class are relatively consistent, with some guilds being relatively difficult to sample, while others are much easier, although not particularly easy to sample.

Figures 4 to 15 represent individual guild values for each of the above three criteria for each class of vertebrates.  Table 1 defines the guild codes for all the classes of vertebrates.   

Amphibians

COCF    Chorus/Cricket Frogs

6


LAQS    Large Aquatic Salamanders

4


MOLS    Mole Salamanders


4


NEWT    Newts



1


SAQS     Semi-Aquatic Salamanders

7


TERS     Terrestrial Salamanders

1


TOAD    Toads



6


TREF     Tree Frogs



6


TRUF    True Frogs



4

TOTAL
          


          39

Reptiles


ALLI    Alligator



1


AQUC  Aquatic Chelonians

          10


ARBL   Arboreal Lizards


2


LGCV  Large Constrictors/Vipers

8


LGTS   Large Terrestrial Snakes

4


LIFL     Litter/Fossorial Lizards

8


METS   Medium Terrestrial Snakes

6


RAQS   Riparian/Aquatic Snakes

8


SMLS   Small Litter Snakes


7


TERC   Terrestrial Chelonians

2


TERL   Terrestrial Lizards


1

TOTAL



          57

TABLE 1a.  Guild codes for Amphibians and Reptiles.

Birds

AER     Aerial Feeders


6


AQU    Aquatic Birds



5


FLC     Flycatchers 



6


GAD    Game Birds & Doves


4


GRI      Granivores/Insectivores
          18


INS      Insectivores 


          11


NEC     Nectivores


     
1


OMN   Omnivores



7

RAP     Raptors


          14

WAS    Wading & Shorebirds

          17

WOW   Wood Warblers

          14

WOP    Woodpeckers 



7


TOTAL



        110

Mammals


BAT    Bats



          11


LGH    Large Herbivores


2


LGO    Large Omnivores


1


MEC    Medium Carnivores


3


MEH    Medium Herbivores


5


MEI     Medium Insectivores


1


MEO    Medium Omnivores


6


MEA    Medium Arboreal/Seeds

3


SMC    Small Carnivores


2


SMH    Small Herbivores


3


SMI      Small Insectivores


4


SMO    Small Omnivores


9


TOTAL



          50

TABLE 1b.  Guild codes for Birds and Mammals.

Appendix 1

Figure 1.  Sensitivity of Fort Benning Vertebrates to Habitat Degradation.

Figure 2.  Sensitivity of Fort Benning Vertebrates to Human Disturbance.

Figure 3.  Difficulty in Sampling Fort Benning Vertebrates.

Figure 4. Sensitivity of Fort Benning Amphibian Guilds to Habitat Degradation.

Figure 5. Sensitivity of Fort Benning Amphibian Guilds to Human Disturbance.

Figure 6. Difficulty in Sampling Fort Benning Amphibians.

Figure 7.  Sensitivity of Fort Benning Reptiles to Habitat Degradation.

Figure 8. Sensitivity of Fort Benning Reptiles to Human Disturbance.

Figure 9. Difficulty in Sampling Fort Benning Reptiles.

Figure 10. Sensitivity of Fort Benning Birds to Habitat Degradation.

Figure 11. Sensitivity of Fort Benning Birds to Human Disturbance.

Figure 12. Difficulty in Sampling Fort Benning Birds.

Figure 13. Sensitivity of Fort Benning Mammals to Habitat Degradation.

Figure 14. Sensitivity of Fort Benning Mammals to Human Disturbance.

Figure 15. Difficulty in Sampling Fort Benning Mammals.
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SERDP Research Project:

Development of Ecological Indicator Guilds for Land Management
PI Names, Mailing and E-Mail Addresses, and Telephone Numbers

Harold E. Balbach

U.S. Army - ERDC-CERL

P.O. Box 9005

Champaign, IL  61826

h-balbach@cecer.army.mil


800-USA-CERL, Ext. 6785;
217-373-6785

FAX
217-373-7266

Jeff J. Duda

USGS-BRD-WFRC

6505 NE 65th Street

Seattle, WA  98115

jeff_duda@usgs.gov


206-526-6282, Ext. 233

FAX
206-526-6654


John M. Emlen

USGS-BRD-WFRC

6505 NE 65th Street

Seattle, WA  98115

john_emlen@usgs.gov


206-526-6560

FAX
206-526-6654


D. Carl Freeman

Department of Biological Sciences

Wayne State University

Detroit, MI  48202

cfreeman@sun.science.wayne.edu


313-577-2793

FAX
313-577-6891

John H. Graham

Department of Biology

P.O. Box 490446

Berry College

Mount Berry, GA  30149

jgraham@berry.edu


706-290-2671

FAX
706-238-7855

Dave A. Kovacic

Department of Landscape Arcitecture

101 Buell Hall

University of Illinois

Champaign, IL  61820

dkovacic@uiuc.edu


217-244-5133

FAX
217-244-4568

Anthony J. Krzysik

Embry-Riddle Aeronautical University

College of Arts and Sciences

3200 Willow Creek Road

Prescott, AZ  86301

krzysika@cableone.net

krzysit@pr.erau.edu


520-708-6987

FAX
520-708-3827

Home
520-777-2106

Lawson M. Smith

U.S. Army - ERDC-GL

3909 Halls Ferry Road

Vicksburg, MS  39180

smithl@ex1.wes.army.mil

601-634-2497

FAX
601-634-3153

John C. Zak

Department of Biology

P.O. Box 43131

Texas Tech University

Lubbock, TX  79409

yzjoz@ttacs.ttu.edu


806-742-2718

FAX
806-742-2963
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Quantifying Disturbance Gradients at Our Nine Research Sites at Fort Benning, Georgia: Bonham Creek and Sally Branch Watersheds

Two field studies were conducted between 30 April and 7 June by Dave Kovacic, Mike Wallace, and Tony Krzysik to quantify Ground Cover Habitat Parameters and General and Tree Habitat Parameters at all nine of the research sites.  The motivation and purpose for these data were to:

1) quantify the differences both within and between the three landscape disturbance classes (Low, Medium, High) of our nine research sites,

2) assess which parameters possessed high discrimination power to classify the three disturbance classes,

3) explore which parameters are effective and reliable indicators of landscape disturbance gradients,

4) integrate and model these habitat parameters with the ecological indicator test systems used in this research: 1) soil microbial functional diversity and other soil/microbe parameters, 2) anion/cation leakage (Lysimeters), 3) DI of selected biota, 4) plant physiological responses, 5) distribution and condition factors of selected invertebrates, 6) community and landscape metrics, and 7) geoindicators;

5) provide guidance for additional habitat quantification field work in 2002.

One-Way Analysis of Variance (ANOVA) using Bonferroni adjusted post-hoc multiple comparisons was used to assess the statistical significance of individual habitat parameters among the three levels of habitat disturbance (Low, Medium, High).  The field collected data were summarized into 7 ground cover, 8 general, and 63 tree habitat variables and subjected to   Discriminant Analysis.  Discriminant Analysis uses preselected combinations of habitat variables as input and derives linear combinations of them to maximize the differences (separation in discriminant space) between the three classes used in this analysis (Low, Medium, High).  Therefore, specific habitat variables that load heavily on the derived Discriminant Functions represent good indicators of which habitat parameters characterize disturbance gradients.

The Low and Medium sites were more similar to each other than the Medium and High contrasts.  When using only single indicators, soil compaction was the most effective variable separating Low-Medium sites (P<0.001).  The Medium sites differed from the High sites in a number of habitat parameters: A-Horizon soil depths were deeper (P<0.001), canopy cover was higher (P<0.001), both Bitterlich estimated (P<0.001) and directly calculated tree (P=0.001) basal areas were greater, trees were larger (P<0.001), litter cover was higher (P<0.001), woody cover was more diverse (P=0.038), and there was less bare ground (P=0.002).  The Low and High sites differed a great deal from each other in almost all habitat variables.

Discriminant Analysis (DA), using selected combinations of habitat parameters, was very effective and reliable for discriminating among disturbance classes.  Discriminant Function 1 (DF1), which explains most of the discriminating power with a specific combination of variables, successfully separated the Low sites from the High and Medium sites with most combinations of habitat variables.  The M sites displayed the largest intra disturbance-class variability, directly suggesting that the M sites varied more among themselves than comparable variation within either the Low or High sites.  The suite of ground cover parameters possessed high discriminating power either used alone, or especially, in combination with other habitat variables.  Over 30 DA were performed in this study, and 12 are summarized in the Quarterly Report.  Discriminant Analyses numbers 8 and 12 produced good separation among the three disturbance classes.  Important habitat parameters in DA 8 were: tree densities by tree classes (pines, oaks, misc), and the ground cover of legumes, grasses, and forbs.  For DA 12, the important habitat parameters were: variability (standard deviation) of canopy cover, A-Horizon soil depth, soil compaction, and Bitterlich basal area, and the ground cover of legumes and grasses.

For addition information and detailed statistical results see Krzysik, 2nd Quarterly Report 2001. A great deal of exploratory and confirmatory data analyses still remain to be conducted on this rich data set.  Additional analyses are currently in progress.

Species Diversity and Fractal Analysis of Woody Ground Cover Along a Disturbance Gradient

Field data for this study were collected by John Emlen, Carl Freeman, and Tony Krzysik in early May.  Single 300 m linear transects were placed in six research sites, representing replicates of the three disturbance classes (Low, Medium, High).  The interception length of each woody plant individual along this transect was recorded and the individual was identified to species.  The interception data was used for five analyses.

Species Diversity at several spatial scales: 

This analysis suggested that the effects of disturbance were most pronounced at a scale of 25 – 125 cm, or approximately the size of most of the smaller plants.   

Species Overlap at several spatial scales:

Differences among sites again were greatest between 25 – 125 cm, supporting the results of number 1 above.

Box Dimension (BD):

This analysis is an indication of how thoroughly plants fill available space in a community.  Smaller plant individuals occupied the High disturbance sites.  However, additional analysis is required.

Information Dimension (ID):

This analysis assesses how structural complexity changes with scale.  The Medium disturbance sites showed the highest structural complexity.

Detrended Fluctuation Analysis (DFA):

This is a measure of community structural complexity as it reflects intra- and interspecific spatial interactions among plants.

The results of BD, ID, and DFA suggest that for this specific landscape (Sand Hills) limited disturbance may be beneficial to ecosystem maintenance and resilience (sustainability).  The “Intermediate Disturbance Hypothesis” in ecology similarly suggests that low levels of community disturbance increase species diversity.  Overlap, as measured here, may be a useful indicator of disturbance.  For addition information and more quantitative data see Emlen and Duda, 2nd Quarterly Report 2001.

Anion and Cation Leakage

Lysimeter samples were collected from the six research sites (36 lysimeters) that were established in 2000, and repairs were made to the lysimeters damaged by Fort Benning land management activities.  Damage occurred to several lysimeters through prescribed forest burns and tree removal.  Eighteen new Lysimeters were installed in the Sally Branch watershed sites (L3, M3, H3).  Laboratory analyses of lysimeter samples is continuing and results will be shortly available.  A nutrient flow calibration plot was established at research site L1 by Dave Kovacic and Tony Krzysik.  Field methods to establish these calibration plots were perfected and additional plots will be established in 2002.  For additional information see Kovacic, 2nd Quarterly Report 2001.

Microbial Functional Diversity and Associated Parameters

Soil samples were collected 24 – 26 May at the Fort Benning research sites.  The soil samples will undergo extensive laboratory analyses for: fungal and bacterial functional diversity, microbial biomass, nutrient concentration, soil organic matter, pH, and gravimetric soil moisture.

Instrumentation for air and soil temperature recordings were installed at each research site by John Zak, Ed Sobek, Jason Dobranic, and Jeff Duda during this same time period.  At both upland and bottomland lysimeter and soil collection areas, air temperature 1 m above the ground and soil temperature (10 cm deep) will be measured every 36 min.  The units are designed to download field data every 6 months.

Long-leaf pine litter was collected and brought into the laboratory to construct litterbags for  evaluating decomposition rates at each of the research sites.  The litterbags will be placed in the field during fall 2001.  For additional information see Zak, 2nd Quarterly Report 2001.

Fish and Invertebrates as Indicators of Ecological Condition

A large sample (N=589) of fish were collected primarily by seining, but also by backpack electro-shocking in Randall Creek, Upatoi Creek, and Ochillee Creek by John Graham, Kathy Graham, and Tony Krzysik.  Very abundant fish species in these predominantly “Piedmont influenced streams” (Ochillee is also influenced by blackwater) were: Blacktail Shiner, Silverjaw Minnow, and Longnose Shiner.  The specimens were preserved in 10% formalin and will be examined in the laboratory for fluctuating asymmetry.

Grasshoppers and katydids were collected in sweep nets at all nine of our research sites by John Graham, Kathy Graham, Jeff Duda, and Tony Krzysik.  There was no significance difference in species diversity among site disturbance classes.  However, density was significant higher in the Low disturbance sites compared to the High sites (P<0.05).  Medium disturbance sites possessed intermediate densities, but were not significantly different from either Low or High sites.  Orange-winged grasshopper females were larger than males, but there was not a significant size difference among individuals in the three disturbance classes.  Interestingly, the statistical analysis revealed a significant sex-site interaction term.  Females were smaller than expected in the disturbed sites, but males were not.

Ants were collected in pit-fall trap arrays at all nine of our research sites by Jeff Duda and Tony Krzysik in May 2001.  John Graham and Susan Roth identified the species and conducted statistical analyses on the ants collected in May 2000.  A terrestrial IBI (Index of Biotic Integrity) was developed using the ants collected in May 2000.  The IBI was developed by Karr (1981) for assessing stream conditions in the Midwest, and has since been applied to other aquatic and even to terrestrial ecosystems.  The ant IBI uses four criteria: species richness, proportion of dominant or “tolerant” species, proportion of exotic species, and equitability.  In addition to species richness, equitability is the other parameter that is incorporated to calculate a “diversity index”.  Calculated IBIs were as follows: L1 (Wildlife Plot) 18, L2 (Buffalo Road) 16, M1 (Staging Area) 16, and H1 (Cannons) 10.  This index may be useful to reliably assess land condition.  Additionally, the ant community was subjected to a Detrended Correspondence Analysis (DCA) to ordinate sites and species.  Although the preliminary results show some trends, additional sample sizes are required for more reliable analyses.

John Graham and Kerri Wrinn analyzed the spider community data among the research sites.  Although there was a rich spider community at Fort Benning with 26 species, there were no significant differences in species richness among the site disturbance classes.  Interestingly, most species of spiders only occurred at a single site, and in low numbers.  Additional work with spiders appears in order.  For additional information and more detailed data analyses dealing with fish and invertebrates see Graham, 2nd Quarterly Report 2001.

Plant Physiological Responses and Developmental Instability

Field work was conducted by Carl Freeman, John Emlen, Michelle Brown, and Jeff Duda during April and May 2001.  Data analyses have been completed for assessing leaf morphology and  Developmental Instability for the following species:

Species








Field Data Year

Winged (Dwarf) Sumac (Rhus copallina [R. copallinum])


1999, 2000

Muscadine Grape (Vitis rotundifolia)





1999

Inkberry (Ilex glabra)







1999 

Sassafras (Sassafras albidum)






2000

Mockernut Hickory, (Carya tomentosa)




2000

Morning Glory, Man-Root [Man-of-the-Earth] (Ipomoea pandurata)
2000

Tred-Softly (Cnidoscolus stimulosus)  




2000

Winged sumac in 1999 displayed significantly different fluctuating asymmetry in its first pair of leaflets only between the L1 and H1 sites.  This species in 2000 displayed significant fluctuating asymmetry in its 2nd and 3rd leaflet pairs at both H2 and L2.  Morning Glory showed high fluctuating asymmetry in leaf width at the H1 site.

The length and width of winged sumac leaflets were assessed between years and among sites.  Sumac leaflets were among the smallest in 1999 and among the largest in 2000 at the L1 site.  Conversely, leaflets at M1 were the largest in 1999 and smallest in 2000.  Leaves at H1 were relative large in both years.  The significance of these interesting results are at present unknown.

The annual increment of branch growth in loblolly pine differed significantly among the research sites (P<0.001).  Growth during the drought year of 2000 was significantly lower than in 1999 (P<0.003).  The site by year interaction was also significant (P<0.002), indicating that growth in the drought year was influenced by site.

Water stress of winged sumac did not differ among the three sites investigated (L1, M2, H1).  However, water stress differed among the days the experiments were conducted. Transpiration, variance of stomatal conductance, and the variability (95% confidence interval) of these two parameters were significantly greater at the High disturbance sites H1 and H2.  This suggests reduced physiological control over water balance at these highly disturbed sites.

Variable fluorescence, which may also be interpreted as a stress indicator, was highest at sites L1, M1, M2, H1; and lowest at sites L2 and H2.  The reason for this variation is unclear, and will have to await additional field data and analyses.

The ground cover “neighbor” of two plant species, Winged Sumac and Morning Glory, was investigated, “Environmental Neighborhood Analysis”.  Total plant cover, congener cover, legume cover, litter, and bare ground were significantly different among the nine research sites for both species.  However for both species, only legume cover varied in a systematic fashion across the disturbance gradient, with higher cover in low disturbance sites and lower cover in high disturbance sites.  For additional information and more detailed data analyses dealing with this section see Freeman, 2nd Quarterly Report 2001.  
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Introduction

This report discusses the research activity of the author during 1 July – 30 September, 2001.  Research activity during this period was the continuation of exploratory data analysis of the field data collected in April to June 2001 in the Sand Hills of Fort Benning, Georgia.  The field data were collected at our nine research sites in the Bonham Creek and Sally Branch watersheds.  The field work involved the collection of a wide variety of selected habitat parameters at all nine research sites.  The motivation was to characterize and quantify the nine sites both within, but particularly between, the three disturbance classes – LOW, MEDIUM, HIGH.  There are three replicate sites in each disturbance class: L1, L2, M1, M2, H1, H2 (Bonham Creek ) and L3, M3, H3 (Sally Branch).  The analyses conducted and reported in last quarter’s report used One-Way Analysis of Variance and Discriminant Analysis to explore and assess the variation of habitat parameters among the three disturbance classes (Krzysik 2001).  One-Way ANOVA was used to assess if there were statistically significant differences in individual habitat parameters (e.g., canopy cover) among the three disturbance classes.  Discriminant Analysis was used to explore and assess the discriminatory power of selected combinations of habitat parameters to quantitatively separate the three disturbance classes in discriminant space. 

Discriminant analyses must be carefully carried out, because they possess many practical undesirable features, there are many pitfalls to avoid, and variable selection is often very critical (see Krzysik 1987).  Discriminant analysis 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 (.  

In the last quarter over 30 Discriminant Analyses were performed with various “logical” combinations of habitat variables from the total pool of 78 habitat variables.  Twelve Discriminant Analyses were selected and discussed in the report as representative of the data set (Krzysik 2001).

It is not feasible to use all 78 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 results 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 used in the current analysis, exclude from analysis input variables whose Tolerance is 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.  For example, in analysis 2 for last quarter’s report (page 13), 30 variables (mean DBH and densities of 15 tree species) were used as input to the analysis.  Obviously there was a great deal of multicollinearity and “close” singularity in this data set.  Only six variables passed the tolerance test to be admitted for final analysis.  The extremely conservative default value of 0.001 was used for Tolerance in all analyses.

Last quarter’s report summarized results using 12 sets of habitat variables to assess their discriminating power in distinguishing among the three classes of disturbance (High, Medium, Low).  In this quarter, exploratory Discriminant Analyses were continued to assess the ability of the identical 12 variable sets to discriminate between two classes of disturbance combinations.  The four pairs of classes evaluated were:

LOW


versus

MEDIUM

MEDIUM

versus

HIGH

LOW + MEDIUM
versus

HIGH

LOW  


versus 

MEDIUM + HIGH

Principal Components Analysis were also used to assess how the 9 research sites were distributed in two-dimensional principal components space based on each of the 12 sets of habitat variables.  Principal Components Analysis is unaffected by multicollinearity and singularity, because the method does not require matrix inversion.  Principal Components Analysis using a dataset with N variables extracts N principal components, each being a linear combination of the original variables such that the first principal component represents the greatest variance in the dataset and each successive component represents successively smaller variance components under the constraint that all components are orthogonal, uncorrelated.  The purpose of the analysis is to summarize many correlated variables into a much smaller subset of derived variables (the principal components), while maintaining most of the variance in the original dataset.

Methods

Ground Cover Habitat Parameters

Field Data Collectors:  Dave Kovacic, Mike Wallace, Tony Krzysik

Dates:  30 April – 4 May 2001

Data collected at all 9 research sites (L1, L2, L3, M1, M2, M3, H1, H2, H3) 

Originating from Lysimeter Number 2 (center upland lysimeter), six 65 m transects were located.  Two transects were 1800 apart and passed through the general locations of lysimeter numbers 1 and 3.  The other four transects were located 450 from the original two transects.  All transects were identified with a Suunto Sighting Compass.  Thirteen “hoola-hoop” quadrats (0.49 m2) were located along each transect, for a total of 78 (6x13) quadrats per site.  Quadrats were located as follows.  Starting 5 m from the transect origin and every 5 m after that, a pair of die were thrown.  When the left die was odd the quadrat was taken on the left side of the transect, and when the die was even the right side.  The second die gave the number of meters (1-6) from the transect where the hoop was dropped.  Because the hoop was dropped in front of the surveyor, the center of the hoop landed between 2-8 m from the transect.

All woody plants were identified to species in each hoop, and the percent cover of each of the following parameters was estimated:

legumes, grasses, forbs, litter, bare ground, each species of woody plant, ferns, Yucca,

Opuntia.

The number of taxa on each transect were calculated as: number of different woody plant

species + ferns + Yucca + Opuntia.


The number of pine seedlings was also recorded.

Ground Cover parameters represented transect cover, which was the sum of cover values

for all 13 hoops on a given transect, (units of ground cover were m2/6.37m2 ).  Each ground cover parameter consisted of 6 samples per site.

The ground cover of specific species of woody plants was not used in the current analysis.

The 7 Ground Cover Habitat Variables are defined in Appendix 1.

General Habitat and Tree Habitat Parameters

Field Data Collectors:  Dave Kovacic, Tony Krzysik

Dates:  3 June – 7 June 2001

Data collected at all 9 research sites (L1, L2, L3, M1, M2, M3, H1, H2, H3)

Centered on Lysimeter Number 2, four perpendicular 30 m transects were established.  The transect that passed through the general locations of lysimeters numbers 1 and 3, as described above, possessed the identical compass bearings as the ground cover transects.  All transects were identified with a Suunto Sighting Compass.  The following habitat parameters were collected:

Soil compaction was estimated with a Lang Penetrometer.  Readings were taken every meter on alternating sides of each 30 m transect, representing 120 readings per site.

A-Horizon Soil Depth (inches converted to cm) was taken at two points approximately 5 m apart in the center (at Lysimeter 2) and at each of the four ends of the 30 m transects, representing 10 readings per site.  A narrow garden trowel was used to assess soil depth.

Canopy Cover was estimated with a Forest Densiometers Model-C Concave Spherical Densiometer.  Four readings taken at a fixed point 900 apart (each reading representing 96 “canopy hits”) were made in the center and at each of the four ends of the 30 m transects.  This represented 5 samples, 20 densiometer readings, or 1920 potential “canopy hits” per site.   

Bitterlich Basal Area of Trees was estimated from a constructed “Bitterlich Stick”.  Readings were made in the center and at each of the four ends of the 30 m transects, representing 5 readings per site.  Units were ft2/acre.

DBH (Diameter at Breast Height) and Density of Trees was estimated in the following way.  The four 30 m perpendicular transects delineated a 60x60 m quadrat (3600 m2).  Additionally, the quadrate was divided into quarters by the four transects (900 m2).  All trees with a DBH >/= 5 cm were identified to species, their DBH measured with a DBH Tape (Forestry Suppliers), and tree occurrences were recorded separately for each quarter.  The quarters were consistently numbered at all sites, based on slope.  For each site, sample sizes represented the number of trees (N of a species or genus [tree class]) in 3600 m2 or 900 m2, or in the case of calculating variability among quarters the sample size was 4.

The 8 General Habitat Variables, and the 63 Tree Habitat Variables are defined in Appendix 1.  Appendix 2 provides tree species codes for all the tree species found in this portion of the research.

Data Analysis

All data analyses were conducted with SPSS 9.0 (SPSS 1999).

Discriminant Analysis

Discriminant analysis (DA) was performed on data summaries from the original collected field data.  Therefore, the data analysis input matrix for DA consisted of a sites (N=9 sites) by habitat variables (N=78 habitat variables) matrix.  Habitat variables summarized all the ground cover, general habitat, and tree parameters that were used in the ANOVA analyses.  Habitat variables were the means, standard deviations, and densities (N/area) derived from the original field data to characterize each site.  Selected variables used for each specific DA were all entered simultaneously for all DA analyses.  All data used for DA was transformed as x=Ln(x+1).  DA results with untransformed data were essentially similar to transformed data.  Tolerance level for variable acceptance was 0.001.  

Based on the 12 sets of habitat variables used to discriminate among the three disturbance classes, 12 DAs were conducted on each of the four pairs of classes below.  Therefore, a total of 48 DAs were produced.

LOW


versus

MEDIUM

MEDIUM

versus

HIGH

LOW + MEDIUM
versus

HIGH

LOW  


versus 

MEDIUM + HIGH

Each analysis produced only a single discriminant function because only two classes were  involved in the analyses.  The number of discriminant functions extracted equals the number of groups (classes) in the analysis minus 1.  The analyses in last quarter’s report with three classes extracted two (3-1) discriminant functions.

Principal Components Analysis

Principal Components Analysis (PCA) was performed on the identical data set used for DA.  Therefore, the habitat variables were all transformed as described above.   PCA data inputs were based on Pearson correlation matrices, and the VARIMAX rotated solution was used to extract principal component scores.  Principal component scores were calculated by the “regression” method.  Of the three methods available in the SPSS package, this method is most commonly used and has desirable properties.  This method produces the highest correlations between the extracted principal components and the derived principal component scores.  Interpretation was based on the correlation between original variables and the extracted principal components.  Correlation matrix input was selected because it is robust to changes in scale magnitude in mixed variable sets, and VARIMAX rotation optimizes the interpreting of the first principal component, the one containing the majority of data variance (Krzysik 1987).  A total of 13 PCAs were conducted based on the 12 defined sets of habitat variables and an analysis using all 78 habitat variables.  The axes in the Principal Component figures are labeled “Regression Factor Scores”.  In the current analyses, this is equivalent to “Principal Component Scores”.      

Results

Discriminant Analysis

Class Comparison:
LOW-MEDIUM        versus        HIGH

The Low and Medium disturbance sites were similar to one another and differed from High disturbance sites not only in their habitat characteristics (Krzysik 2001), but also in their responses to virtually all of the ecological indicator systems that have been examined (Krzysik et al. 2001).  It was of interest to conduct DA of the combined Low and Medium sites to see the nature of their variation from the High sites.  Out of the 12 analyses, Discriminant Analysis Number 12 possessed the highest discriminating power (Figure 1).

Analysis 12 used as input variables the variability (standard deviation [SD]) of the four general habitat parameters (canopy cover, A-horizon soil depth, soil compaction, and Bitterlich basal area) and ground cover parameters (legumes, grass, forbs, litter, bare ground).

The result of the three class DA was as follows (see Krzysik 2001, page 23, for the

DA-12 figure).  This analysis produced a great deal of discriminating power in separating

the three disturbance classes.  DF1 not only separated L sites from M and H sites, as many other analyses had accomplished, but also separated M and H sites from each other, where M sites were intermediate to the L and H sites.  The DF1 gradient of L to H sites was characterized by the habitat gradient of Bitterlich basal area variability to canopy cover / soil compaction variability.  The M sites exhibited a great deal of variability on DF2.  M1 was similar to the L and H sites, but M3 was well separated on this axis, M2 was intermediate.  M3 on this axis was associated with variability in A-horizon soil depth.  


In summary: habitat variables that were important for distinguishing among the three

disturbance classes in Analysis 12 were: Bitterlich basal area SD, canopy cover SD, soil compaction SD, A-horizon soil depth SD, and to a lesser extent grass.

Current Discriminant Analysis 12 for Contrast LM - H 

The Low-Medium sites were discriminated by positive discriminant scores representing the following habitat variables: Bitterlich basal area SD, grass cover, and A-horizon soil depth SD.  This suggests that the High disturbance had lower but more uniform Bitterlich basal area and A-horizon soil depth.  

The High sites were discriminated by negative scores representing the following habitat variables: Soil compaction SD, forb cover, and canopy cover SD.  Apparently, High disturbance sites possessed a high variability in soil compaction and canopy cover.

Class Comparison:
LOW-MEDIUM        versus        HIGH

Highest discriminating power by Discriminant Analysis 12
Input variables:


cansd  soilsd  langsd  bittsd  


legume  grass  forb  litter  bare

Standardized Canonical Discriminant Function Coefficients

	 
	Function

	 
	1

	CANSD
	-17.791

	SOILSD
	17.855

	LANGSD
	-27.775

	BITTSD
	27.167

	LEGUME
	-1.395

	GRASS
	26.217

	FORB
	-20.698
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Figure 1.  The Discriminant Score represents the value of Discriminant Function 1.  The means are based on six sites in the Low-Medium class and three sites in the High class.  Each of the 12 histograms represents in sequence Discriminant Analysis 1 to 12.  Note that analysis 12 has the highest discriminating power.

Class Comparison:
LOW        versus        MEDIUM-HIGH

The only habitat variable of significance (based on ANOVA) that separated Low from Medium sites was “soil compaction”, although Longleaf Pine DBH, pine (all species combined) DBH, and tree (all species) DBH was also statistically greater at Medium disturbance sites (Krzysik 2001).  Eight habitat variables differed statistically between Medium and High disturbance sites:

A-horizon soil depth, canopy cover, Bitterlich basal area, tree basal area, tree DBH, litter, bare ground, and number of woody taxa in ground cover (Krzysik 2001).  It was of interest to examine the results of DA when Medium and High disturbance sites were combined and contrasted to Low disturbance sites.  Out of the 12 analyses, Discriminant Analysis Number 8 possessed the highest discriminating power, but analyses 4 and 12 were also effective (Figure 2).    

Analysis 8 used as input variables the density of three general tree classes: pines, oaks, and a class with 8 miscellaneous species; and 7 ground cover habitat parameters:  legumes, grass, forbs, litter, bare ground, mean number of woody taxa, and variability (SD) of woody taxa among transect samples.

The result of the three class DA was as follows (see Krzysik 2001, page 19, for the

DA-8 figure).  This analysis was very effective at discriminating all three disturbance classes.  The Low sites were strongly separated from M and H sites on DF1, on the combined variables of oak and pine density and forb cover.  The M and H sites were effectively separated on DF2.  Contrasting the H and M sites on their respective discriminating variables, H sites had higher forb cover and higher densities of “miscellaneous” trees, while M sites had higher pine density and legume cover.

In summary: habitat variables that were important in Analysis 8 for distinguishing among the three disturbance classes were: oak density, misc tree density, pine density, grass cover, forb cover, and legume cover.

Current Discriminant Analysis 8 for Contrast L - MH 

The Low sites were discriminated by positive discriminant scores representing the following habitat variables: oak density, pine density, and forb cover.  

The Medium-High sites were discriminated by negative discriminant scores representing the following variables: misc tree density and grass cover. 

Analysis 4 used as input variables both the mean and SD of canopy cover, A-horizon soil depth, soil compaction, Bitterlich basal area, and tree DBH.  The analysis used all 7 ground cover habitat parameters: legumes, grass, forbs, litter, bare ground, mean number of woody taxa, and variability (SD) of woody taxa among transect samples.  The analysis also used tree density, and the standard deviations of tree density and basal area in site sample quarters. 

The result of the three class DA was as follows (see Krzysik 2001, page 15, for the 

DA-4 figure).  Analysis 4 demonstrated that the ground variables dominated the analysis.  DF1 separated the M sites from the L and H sites, while DF2 effectively separated the L and H sites.  In this analysis, site discrimination power represented the combination of litter and grass cover for M sites, forb cover for L sites, and bare ground for H sites.  

In summary: habitat variables that were important in Analysis 4 for distinguishing among the three disturbance classes were: litter, grass, bare ground, forbs, and number of woody taxa.

Current Discriminant Analysis 4 for Contrast L - MH 

The Low sites were discriminated by negative discriminant scores representing the following habitat variables: Bitterlich basal area SD, and to a lesser extent mean and SD of A-horizon soil depth.  

The Medium-High sites were discriminated by positive discriminant scores representing the following variables: soil compaction SD, canopy cover, and canopy cover SD.

Analysis 12 produced a great deal of discriminatory power, and was already discussed above.

Current Discriminant Analysis 12 for Contrast L - MH 

The Low sites were discriminated by negative discriminant scores representing the following habitat variables: Bitterlich basal area SD, and forb cover.  

The Medium-High sites were discriminated by positive discriminant scores representing the following variables: canopy cover SD, soil compaction SD, and A-horizon soil depth SD.  

Class Comparison:
LOW        versus        MEDIUM-HIGH

Highest discriminating power by Discriminant Analysis 8
Input variables:



pinen  oakn  misc8n


legume  grass  forb  litter  bare  ntaxam  ntaxasd

Standardized Canonical Discriminant Function Coefficients

	 
	Function

	 
	1

	PINEN
	16.580

	OAKN
	25.594

	MISC8N
	-21.612

	LEGUME
	4.051

	GRASS
	-14.271

	FORB
	13.492

	BARE
	.865


Next highest discriminating power by Discriminant Analysis 4
Input Variables:

canm  soilm  langm  bittm  dbhm      cansd  soilsd  langsd  bittsd  dbhsd


legume  grass  forb  litter  bare  ntaxam  ntaxasd

treesn  treensd  treebasd

Standardized Canonical Discriminant Function Coefficients

	 
	Function

	 
	1

	CANSD
	15.530

	SOILSD
	-5.232

	LANGSD
	24.116

	BITTSD
	-26.311

	DBHSD
	3.393

	CANM
	17.588

	SOILM
	-4.733


Next highest discriminating power by Discriminant Analysis 12
Input variables:


cansd  soilsd  langsd  bittsd  


legume  grass  forb  litter  bare 

Standardized Canonical Discriminant Function Coefficients

	 
	Function

	 
	1

	CANSD
	10.619

	SOILSD
	6.467

	LANGSD
	7.171

	BITTSD
	-11.335

	LEGUME
	-.421

	GRASS
	1.472

	FORB
	-8.379
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Figure 2.  The Discriminant Score represents the value of Discriminant Function 1.  The means are based on three sites in the Low class and six sites in the Medium-High class.  Each of the 12 histograms represents in sequence Discriminant Analysis 1 to 12.  Note that Analysis 8 has the highest discriminating power, Analysis 4 is next, and finally Analysis 12.

Class Comparison:
LOW        versus        MEDIUM

The Low and Medium disturbance sites were similar to one another and differed from High disturbance sites not only in their habitat characteristics (Krzysik 2001), but also in their responses to virtually all of the ecological indicator systems that have been examined (Krzysik et al. 2001).  The only habitat variable of significance (based on ANOVA) that separated Low from Medium sites was “soil compaction”, although Longleaf Pine DBH, pine (all species combined) DBH, and tree (all species) DBH was also statistically greater at Medium disturbance sites (Krzysik 2001).  It was of interest to use DA in directly comparing Low and Medium disturbance sites without the influence of the High sites in the analysis.  Out of the 12 analyses, Discriminant Analyses Numbers 3, 11, and 12 all possessed high and equal discriminating power.  The analyses produced identical results because the habitat variables that passed the DA Tolerance Test were identical in all three analyses (Figure 3).

 Analysis 3 used habitat variables expressing variable variability: canopy cover SD, A-horizon soil depth SD, soil compaction SD, Bitterlich basal area SD, and DBH SD.

Analysis 11 used identical variables as Analysis 3, but dropped the DBH SD variable.

Analysis 12 used the variables in Analysis 11 and added 5 ground cover variables: legumes, grass, forbs, litter, and bare ground.

The result of the three class DA was as follows (see Krzysik 2001, page 14, 22, and 23 respectively for DA-3, DA-11, and DA-12 figures respectively).  Analysis 3 was effective in separating the three disturbance classes.  The Low sites were separated from the High and Medium sites along DF1.  This was attributed to the high variability of canopy cover and soil compaction at H and M sites.  Medium and High sites were separated by soil A-horizon depth SD and Bitterlich basal area SD.  This analysis also demonstrated that the three Medium impact sites showed the greatest within impact class variability, mainly attributed to variation in soil A-horizon depth.  Analysis 11 demonstrated that the standard deviation of variables produced much better discrimination functions than using the identical variables as means (see Krzysik 2001, Discriminant Analysis 9, page 20).  Low sites were separated on DF1 by their variability in Bitterlich basal area, while the M and H sites were characterized by their higher variability in soil compaction and canopy cover along this axis.  The DF2 axis separated M2 and M3 from M1 and the H sites by Bitterlich basal area and A-horizon soil depth variability.  Analysis 12 produced a great deal of discriminatory power, and was already discussed above.  


In summary: habitat variables that were important for distinguishing among the three

disturbance classes in all three Analyses 3, 11 and 12 were: canopy cover SD, soil compaction SD, Bitterlich basal area SD, and A-horizon soil depth SD. 

Current Discriminant Analysis 3, 11, and 12 for Contrast L - M

The Low sites were discriminated by negative discriminant scores representing the following habitat variables: Bitterlich basal area SD and to a small extent A-horizon soil depth SD.  

The Medium sites were discriminated by positive discriminant scores representing the following variables: Soil compaction SD and canopy cover SD. 

Class Comparison:
LOW        versus        MEDIUM

Three analyses have equal discriminating power: Discriminant Analyses 3, 11, & 12
Although the input variables in these three analyses differ, the variables used in Discriminant Analysis are identical in all three cases, because variables were eliminated that possessed  Tolerance < 0.001 

Analysis 3

Input variables:


cansd  soilsd  langsd  bittsd  dbhsd

Analysis 11

Input Variables:


cansd  soilsd  langsd  bittsd

Analysis 12

Input Variables:

cansd  soilsd  langsd  bittsd  


legume  grass  forb  litter  bare

Standardized Canonical Discriminant Function Coefficients

	 
	Function

	 
	1

	CANSD
	5.889

	SOILSD
	-1.809

	LANGSD
	10.371

	BITTSD
	-9.733
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Figure 3.  The Discriminant Score represents the value of Discriminant Function 1.  The means are based on three sites in the Low class and three sites in the Medium class.  Each of the 12 histograms represents in sequence Discriminant Analysis 1 to 12.  Note that analyses 3, 11, and 12 have high and equal discriminating power.

Class Comparison:
MEDIUM        versus        HIGH

Eight habitat variables differed statistically between Medium and High disturbance sites:

A-horizon soil depth, canopy cover, Bitterlich basal area, tree basal area, tree DBH, litter, bare ground, and number of woody taxa in ground cover (Krzysik 2001).  Nutrient leakage as assessed by Lysimeters also showed a significant difference between Medium and High disturbance sites (Krzysik et al. 2001).  It was of interest to use DA in directly comparing Medium and High disturbance sites without the influence of the Low sites in the analysis.  Interesting discriminant power, as assessed by the magnitude of discriminant scores, was relatively low compared the other three pairs of analyses.  Out of the 12 analyses, Discriminant Analysis Number 8 possessed the highest discriminating power, followed by Analysis 5, while Analyses 3, 4, and 12 were equivalent (Figure 4).

Analyses 8, 3, 4, and 12 were discussed above.  All of these analyses effectively separated all three disturbance classes.    

Analysis 5 used as input variables the density of three general tree classes: pines, oaks, and a class with 8 miscellaneous species.

The result of the three class DA was as follows (see Krzysik 2001, page 16, for the

DA-5 figure).  This analysis was not very effective at discriminating among the three disturbance classes, as the sites displayed a great deal of scatter in discriminant space.  However, DF1 separated the Low sites, and slightly separated the Medium sites, from the High sites on the basis of the three species classes, with the Low sites having higher positive scores with pine and oak densities.  DF2 had no discriminatory power. 

In summary: habitat variables that were important in Analysis 5 for distinguishing among the three disturbance classes were all three of the input variables: pine density, oak density, and misc tree density.

Current Discriminant Analysis 8, 5, 3, 4, and 12 for Contrast M - H

For Analyses 8 and 5 the Medium sites were discriminated by positive discriminant scores representing pine density and oak density.  For analyses 3, 4, and 12 the Medium sites were discriminated by negative discriminant scores representing A-horizon soil depth SD. 

For Analyses 8 and 5 the High sites were discriminated by negative discriminant scores representing misc tree density.  For analyses 3, 4, and 12 the High sites were discriminated by positive discriminant scores representing soil compaction SD and canopy cover SD. 

Class Comparison:
MEDIUM        versus        HIGH

Highest discriminating power by Discriminant Analysis 8

Input variables:


pinen  oakn  misc8n


legume  grass  forb  litter  bare  ntaxam  ntaxasd

Standardized Canonical Discriminant Function Coefficients

	 
	Function

	 
	1

	PINEN
	3.177

	OAKN
	3.029

	MISC8N
	-4.439

	LEGUME
	.952


Next highest discriminating power by Discriminant Analysis 5
Input variables:


pinen  oakn  misc8n

Standardized Canonical Discriminant Function Coefficients

	 
	Function

	 
	1

	PINEN
	2.902

	OAKN
	2.077

	MISC8N
	-3.187


Next highest discriminating power was by Discriminant Analyses 3 and 4 

which were similar

Analysis 3

Input variables:


cansd  soilsd  langsd  bittsd  dbhsd

Analysis 4

Input variables:


canm  soilm  langm  bittm  dbhm      cansd  soilsd  langsd  bittsd  dbhsd


legume  grass  forb  litter  bare  ntaxam  ntaxasd

treesn  treensd  treebasd

Standardized Canonical Discriminant Function Coefficients

	 
	Function

	 
	1

	CANSD
	1.616

	SOILSD
	-4.877

	LANGSD
	2.221

	DBHSD
	2.803
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Figure 4.  The Discriminant Score represents the value of Discriminant Function 1.  The means are based on three sites in the Medium class and three sites in the High class.  Each of the 12 histograms represents in sequence Discriminant Analysis 1 to 12.  Note that in comparison to the other three Discriminant Analyses the discriminant scores in this analysis are low.  Additionally, note that in this analysis five analyses had reasonably good discriminating power.  Analysis 8 was the best followed by Analysis 5, while Analyses 3, 4, and 12 were equivalent.
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Principal Components Analysis

Principal Components Analysis 1

Habitat Variables in Analysis:


canm  soilm  langm  bittm  dbhm  treesn  basalare

Note that four general habitat variables and three general tree variables somewhat effectively separate the three disturbance sites in principal components space.  PC1, the axis responsible for explaining most of the variability in the data, separates Low and Medium from High sites.  PC2 separates Low from Medium sites.  For this specific analysis note the very close similarity between sites L3 and M1.  Site H3 is more similar to the Medium sites, but sites H2 and especially H1 are clearly separated from the rest of the sites. 
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Rotated Component Matrix

	 
	
	

	 
	1
	2

	CANM
	.896
	.382

	SOILM
	.970
	8.595E-02

	LANGM
	-.213
	-.870

	BITTM
	.913
	.325

	TREESN
	.327
	.888

	DBHM
	.733
	-.664

	BasalArea
	.953
	.203


Extraction Method: Principal Component Analysis

Rotation Method: Varimax with Kaiser Normalization

Rotation converged in 3 iterations

Principal Components Analysis 2

Habitat Variables in Analysis:

catomn

catomm


coflon

coflom



cratan

cratam



divirn

divirm



piechn

piechm



pipaln

pipalm



pitaen

pitaem



qufaln

qufalm



quhemn
quhemm


quincn

quincm



qulaen

qulaem



qumagn
qumagm


qumain

qumaim


qunign

qunigm


misc4n

misc4m

The density and size of tree species were not effective in ordinating the disturbance sites.  There was a great deal of overlap among the disturbance classes.  Sites L1, L3, and H2 were clearly isolated.     Sites M3 and H3 were very similar.  This was not surprising, because they are relatively close to one another in the Sally Branch watershed.  Unexpectedly, H1 also was close to this pair. 
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Principal Components Analysis 3

Habitat Variables in Analysis:


cansd  soilsd  langsd  bittsd  dbhsd

Variability (standard deviation) in general habitat parameters was not effective at ordinating the 9 research sites.  This was in sharp contrast to the success that variability and the identical variables had in classifying disturbance classes using Discriminant Analysis.


Principal Components Analysis 4

Habitat Variables in Analysis:


canm  soilm  langm  bittm  dbhm      cansd  soilsd  langsd  bittsd  dbhsd


legume  grass  forb  litter  bare  ntaxam  ntaxasd

treesn  treensd  treebasd

This analysis using general habitat and tree variables along with ground cover was only partly effective in ordinating the 9 research sites.  All three Sally Branch watershed sites L3, M3, and H3 were very close in PC space, and M1 was also close to these sites.  Sites L1 and L2 were similar and well-separated from other sites, H1 was isolated, and although separated by PC1, M2 and H2 were close to each other.


Principal Components Analysis 5

Habitat Variables in Analysis:


pinen  oakn  misc8n

The three general classes of tree densities were not effective in ordinating the 9 research sites.  L1, L2, and M1 were similar; M2, M3, and H3 were similar; and L3 and H2 were similar, but H1 was relatively isolated.


Principal Components Analysis 6

Habitat Variables in Analysis:


pinem  oakm  misc8m


The three general classes of tree sizes exhibited very poor ordination capability to separate the 9 research sites.  Two-thirds of the sites were closely clustered, while sites H1 with small trees and M3 with large trees were strongly isolated.



Principal Components Analysis 7

Habitat Variables in Analysis:

pinen  oakn  misc8n


pinem  oakm  misc8m

The combination of using both tree class densities and sizes were not much better than the previous analysis in site ordination.  Again H1 and M3 were strongly isolated from other sites. 


Principal Components Analysis 8

Habitat Variables in Analysis:


pinen  oakn  misc8n


legume  grass  forb  litter  bare  ntaxam  ntaxasd

The addition of ground cover habitat variables to the tree class density variables of Analysis 5 did not improve the already poor ordination of Analysis 5, and the results were similar.  


Principal Components Analysis 9

Habitat Variables in Analysis:

canm  soilm  langm  bittm

The use of four simple general habitat variables were only partially effective at ordinating the 9 research sites.  The combination of PC1 and PC2  provided the opportunity for drawing non-overlapping envelops around the three disturbance classes.  However, sites L3, M1, and H3 were close in PC space, as were sites L2 and M2.  Again site H1 was well isolated from all other sites.  



Rotated Component Matrix

	 
	
	

	 
	1
	2

	CANM
	.921
	-.345

	SOILM
	.946
	-.108

	LANGM
	-.219
	.973

	BITTM
	.946
	-.259


Extraction Method: Principal Component Analysis

Rotation Method: Varimax with Kaiser Normalization

Rotation converged in 3 iterations

Principal Components Analysis 10

Habitat Variables in Analysis:


canm  soilm  langm  bittm  



legume  grass  forb  litter  bare

The addition of ground cover habitat variables to the general habitat variables used in Analysis 9 resulted in a poorer ordination and Low and Medium sites overlapped to a great extent.  Sites L1 and L2 were very close together, as were sites M2 and H3.


Principal Components Analysis 11

Habitat Variables in Analysis:

cansd  soilsd  langsd  bittsd

This analysis was similar to Analysis 3 in the variables used and in the results.  The variation of habitat variables as measured by standard deviation did not provide an effective ordination.


Principal Components Analysis 12

Habitat Variables in Analysis:


cansd  soilsd  langsd  bittsd  


legume  grass  forb  litter  bare

Despite the success of Discriminant Analysis in using these variables to effectively separate the three disturbance classes, the PC ordination was very ineffective.  This can certainly be attributed to the use of variable standard deviations, as was already learned in Analyses 3 and 11.  In this analysis sites L3 and once again H1 were well isolated from the rest of the sites. 


Principal Components Analysis 13

Habitat Variables in Analysis:


All 78 habitat variables

The use of all 78 habitat variables for analysis did not result in a clear ordinaton.  In this analysis the following variable were similar in PC space:

L1   L2   M1

L3   M2
    M3   H3

H1 isolated
  H2 isolated  


Varimax Rotated Principal Components Matrix for Analysis 13

Using All 78 Habitat Variables

The values represent Pearson correlation coefficients between PC1 and PC2 and the original 78 habitat variables



  PC1       PC2

	
	
	

	
	
	

	CANM
	.524
	.813

	CANSD
	.264
	5.564E-02

	SOILM
	.204
	.913

	SOILSD
	4.883E-02
	.816

	LANGM
	-.679
	-7.981E-02

	LANGSD
	-.550
	-.145

	BITTM
	.501
	.842

	BITTSD
	.328
	.363

	TREESN
	.912
	.185

	DBHM
	-.477
	.792

	DBHSD
	-.186
	.864

	CATOMN
	.673
	-7.158E-02

	CATOMM
	.470
	-.107

	CATOMSD
	.326
	-.177

	COFLON
	.646
	.194

	COFLOM
	.581
	1.474E-02

	COFLOSD
	.687
	.252

	CRATAN
	.365
	-1.442E-02

	CRATAM
	.850
	-2.989E-02

	CRATASD
	.375
	4.927E-02

	DIVIRN
	.786
	-.266

	DIVIRM
	.776
	-.267

	DIVIRSD
	.604
	-.300

	PIECHN
	.253
	.153

	PIECHM
	.402
	3.404E-02

	PIECHSD
	.173
	.133

	PIPALN
	.132
	.809

	PIPALM
	.191
	.914

	PIPALSD
	.223
	.841

	PITAEN
	.990
	-3.680E-02

	PITAEM
	-.674
	.660

	PITAESD
	-.316
	.478

	QUFALN
	.376
	2.623E-02

	QUFALM
	.579
	5.026E-03

	QUFALSD
	.488
	5.895E-02

	QUHEMN
	.135
	.335

	QUHEMM
	.338
	.300

	QUHEMSD
	.337
	.300

	QUINCN
	-3.278E-02
	-.481

	QUINCM
	3.008E-02
	-.512

	QUINCSD
	7.741E-02
	-.390

	QULAEN
	.495
	-.318

	QULAEM
	.536
	-.442

	QULAESD
	.395
	-.342

	QUMAGN
	.149
	-.692

	QUMAGM
	.281
	-.745

	QUMAGSD
	.271
	-.739

	QUMAIN
	.857
	.138

	QUMAIM
	.901
	.150

	QUMAISD
	.898
	7.526E-02

	QUNIGN
	.723
	.198

	QUNIGM
	.844
	-1.406E-02

	QUNIGSD
	.550
	7.467E-02

	MISC4N
	.849
	-9.691E-03

	MISC4M
	.703
	2.378E-02

	MISC4SD
	.837
	-3.024E-02

	PINEN
	.738
	.461

	PINEM
	-.603
	.717

	PINESD
	-.528
	.491

	OAKN
	.587
	-.386

	OAKM
	.635
	-.556

	OAKSD
	.773
	-.425

	MISC8N
	.919
	3.022E-02

	MISC8M
	.581
	.134

	MISC8SD
	.627
	4.706E-02

	BasalArea
	.382
	.892

	PINEBA
	.250
	.947

	OAKBA
	.746
	-.284

	MISC8BA
	.818
	3.335E-02

	LEGUME
	.568
	.259

	GRASS
	-6.919E-02
	-.326

	FORB
	.347
	.250

	LITTER
	.494
	.720

	BARE
	-.456
	-.503

	NTAXAM
	.913
	.201

	NTAXASD
	-.646
	-.307

	TREENSD
	.751
	2.318E-02

	TREEBASD
	5.468E-02
	.597


Extraction Method: Principal Component Analysis

Rotation Method: Varimax with Kaiser Normalization

Rotation converged in 3 iterations

Discussion and Conclusion

I have conducted detailed multivariate exploratory data analyses on 78 habitat variables collected in the Sand Hills of Fort Benning (April – June 2001).  Over 80 Discriminant Analyses and 13 Principal Components Analyses, up until this point, have been used to characterize and quantitatively ordinate 9 research sites consisting of Low, Medium, and High disturbance classes with three replicates each.  The motivation for these analyses were: 1) to analytically characterize the differences between the three disturbance classes, 2) to analytically characterize the differences among the three replicates within each disturbance class, 3) to develop the all around relationship among the 9 research sites, 4) to plan a detailed field sampling strategy for the spring of 2002, 5) to develop a predictive statistical model that analytically relates habitat parameters to environmental disturbance gradients, 6) to develop habitat variables as Ecological Indicators in a multivariate context and eventually into a Guild classification with other independent Ecological Indicator Test Systems.  This analysis is continuing and this current Quarterly Report reflects the progress accomplished during the quarter 1 July – 30 September, 2001.

Last quarter’s report (Krzysik 2001) identified two specific Discriminant Analysis (DA) that extracted habitat variables for effectively discriminating among the three disturbance classes.

Discriminant Function 1 (DF1) of Analysis 12 characterized the major disturbance gradient, effectively separating the three disturbance classes, with Medium sites positioned closer to High sites (Appendix 3).  Parameter variability as measured by standard deviation (SD) was more important than mean parameter value in discrimination.  The habitat parameters of canopy cover SD, soil compaction SD, and a measure of tree basal area SD were the primary variables associated with DF1.  The three Medium sites were highly separated on DF2, relating to high variability in A-horizon soil depth.  DF1 of Analysis 8 strongly discriminated Low disturbance sites from Medium and High sites, while DF2 effectively separated High and Medium sites (Appendix 4).  Along DF1, Low sites were characterized by the density of oaks and pines and forb cover, while the High and Medium sites were characterized by the density of “other” tree species and grass cover.  Along DF2, Medium sites were associated with pine density and legume cover, while High sites were associated with forb cover and “other” tree density.  Other analyses that also provided reasonably good discriminating power were Analyses 3, 4, 7, and 10 (Krzysik 2001).

Last quarter I identified habitat parameters that possessed high discriminatory power in separating the three disturbance classes in discriminant space.  This quarter’s DA analyses were to assess the performance, reliability, and robustness of these habitat parameters to separate specific PAIRS of disturbance classes.  DA is characterized by dramatically different output results when there are only minor differences in input data (Krzysik 1987), see the discussion of DA in the Introduction section.  There were four pairs of contrast that were of interest:

Low + Medium        versus        High

Low
 
         versus        Medium + High

Low

         versus
   Medium

Medium
         versus
   High

The Low and Medium disturbance sites were similar to one another and differed from High disturbance sites not only in their habitat characteristics (Krzysik 2001), but also in their responses to virtually all of the ecological indicator systems that have been examined (Krzysik et al. 2001).  The only habitat variable of significance (based on ANOVA) that separated Low from Medium sites was “soil compaction”, although Longleaf Pine DBH, pine (all species combined) DBH, and tree (all species) DBH was also statistically greater at Medium disturbance sites (Krzysik 2001).  Eight habitat variables differed statistically between Medium and High disturbance sites: A-horizon soil depth, canopy cover, Bitterlich basal area, tree basal area, tree DBH, litter, bare ground, and number of woody taxa in ground cover (Krzysik 2001).

DA analyses that were effective in discriminating in these four pairs of contrasts were as follows:

	Contrast
	Best DA (Number)
	Next Best DA
	Other DA

	L-M   vs   H
	12
	none
	----

	L        vs   M-H
	8
	4
	12

	L        vs   M
	3, 11, 12 (equal)
	----
	----

	M       vs   H
	8
	5
	3, 4, 12 (equal)


Note that Analyses 8 and 12 consistently show up as having high discriminating power in both three class and paired contrasts.  Analyses 3 and 4, as in the case of three class analysis, also possessed discriminating power.  Analyses 7 and 10 were important for the three class contrasts, while 5 and 11 were important for paired contrasts.

Principal Components Analysis 1 was informative and produced a good sites ordination (see Appendix 5 for Discriminant Analysis 1).  The first principal component (PC1) effectively separated Low and Medium sites form the High sites.  PC1 (the VARIMAX rotated solution) was positively correlated with A-horizon soil depth (0.97), tree basal area (0.95), Bitterlich basal area (0.91), and canopy cover (0.90).  PC2 separated Low sites from the Medium and High sites, where this component was positively correlated with tree density (0.89) and negatively correlated with with soil compaction (-0.87).  Principal Components Analysis 9 also produced a reasonable ordination with similar habitat variable interpretation (see Appendix 6 for Discriminant Analysis 9).  In these principal components ordinations, general habitat variables again proved to be dependable quantifiers of habitat disturbance.  Nevertheless, additional Principal Components Analysis and other ordinations, such as Nonmetric Multidimensional Scaling and Canonical Correspondence Analysis are in order.               

Ten habitat variables, from the original pool of 78 variables, appear to represent excellent ecological indicators of habitat condition on the basis of their discriminating power in DA analyses.  Principal Components ordinations also strongly indicated that general habitat variables were important in distinguishing disturbance classes.  These are: four variables expressing variability in general habitat features (canopy cover SD, A-horizon soil depth SD, soil compaction SD, and Bitterlich basal area SD), three ground cover variables (forbs, grasses, legumes), and three general tree density variables (oak density, pine density, and “other species” tree density.  These variables in different, but similar, combinations were able to reliable and consistently discriminant among not only the three disturbance classes Low, Medium, and High; but also different combinations of paired comparisons among these three classes.

The current analysis was instrumental in the planning of our collection of habitat data during the spring of 2002.  Additional data analyses on these data sets will continue.  Important analyses to follow include ground cover and community ordinations, the calculation of similarity coefficients for each site, and cluster analysis.  After characterizing the nine research sites in terms of their habitat parameters, the sites and their habitat variables will be associated with the rest of the Ecological Indicator Data Sets collected by our research team.  The integration will be carried out with multivariate methods and Structured Equation Modeling. 
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Appendix 1

Fort Benning Habitat Variables
General Habitat Variables

Variable
Variable
Parameter 
m (mean)        sd (standard deviation)

canm

cansd

Canopy Cover (percent)

soilm

soilsd

A-Horizon Soil Depth (cm) 

langm

langsd

Soil Compaction - Lang Penetrometer (reading)

bittm

bittsd

Bitterlich Basal Area (ft2/acre)
Ground Cover Habitat Variables

Variable

Parameter

legume


legumes
cover (m2/6.37m2)

grass


grasses


“

forb


forbs


“

litter


litter


“

bare


bare ground

“

ntaxam  

mean (or standard deviation) of number of taxa per transect (N/6.37m2)

ntaxasd

taxa = woody species + ferns + yucca + opuntia 

Appendix 1 (cont.)

Fort Benning Habitat Variables
Tree Species DBH Habitat Variables

Variable name = species code + n (density [N/3600m2]) or m (mean DBH)

 or sd (standard deviation DBH) 

DBH (cm)

catomn

catomm
catomsd

coflon

coflom

coflosd

cratan

cratam

cratasd

divirn

divirm

divirsd

piechn

piechm

piechsd

pipaln

pipalm

pipalsd

pitaen

pitaem

pitaesd

qufaln

qufalm

qufalsd

quhemn
quhemm
quhemsd

quincn

quincm

quincsd

qulaen

qulaem

qulaesd

qumagn
qumagm
qumagsd

qumain

qumaim
qumaisd

qunign

qunigm
qunigsd

misc4n

misc4m
misc4sd

Tree Classes DBH Habitat Variables

Variable name = tree class code + n (density [N/3600m2]) or m (mean DBH)

 or sd (standard deviation DBH)

trees = all tree species

dbh = all tree species 

DBH (cm)

pinen

pinem

pinesd

oakn

oakm

oaksd

misc8n

misc8m
misc8sd

treesn

dbhm

dbhsd

  

Appendix 1 (cont.)

Fort Benning Habitat Variables
Tree Basal Area Habitat Variables

Variable name = tree class code + ba (basal area)

basalare = basal area of all tree species

Basal Area (cm2/m2)

pineba

oakba

misc8ba

basalare

Tree Variables Based on Quadrat Quarters

treensd

standard deviation of tree density (N/900m2) in quarters

treebasd
standard deviation of total basal area (dm2/900m2) in quarters

Appendix 2

Fort Benning Tree Species Codes

catom

Carya tomentosa1

Mockernut Hickory

coflo

Cornus florida1

Flowering Dogwood

crata

Crataegus sp.1


Hawthorn

divir

Diospyros virginiana1

Persimmon

listy

Liquidambar styraciflua1,2
Sweet Gum

piech               Pinus echinata


Shortleaf Pine

pipal

Pinus palustris


Longleaf Pine


pitae

Pinus taeda


Loblolly Pine

prame

Prunus americana1,2

American Plum

prser

Prunus serotina1,2

Black Cherry

qufal

Quercus falcate

Southern Red Oak

quhem

Quercus hemisphaerica
Laurel Oak

quinc

Quercus incana

Bluejack Oak

qulae

Quercus laevis


Turkey Oak

qumag

Quercus margaretta

Sand Post Oak

qumai

Quercus marilandica

Blackjack Oak

qunig

Quercus nigra


Water Oak

saalb

Sassafras albidum1,2

Sassafras
1 = Species included in habitat variable misc8

2 = Species included in habitat variable misc4

Appendix 3

Discriminant Analysis 12

Input variables:


cansd  soilsd  langsd  bittsd  


legume  grass  forb  litter  bare

Standardized Canonical Discriminant Function Coefficients

	 
	Function
	 

	 
	1
	2

	CANSD
	12.758
	-.534

	SOILSD
	-1.242
	1.799

	LANGSD
	11.739
	.361

	BITTSD
	-15.596
	-2.039

	LEGUME
	.131
	.741

	GRASS
	-6.262
	-.081
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Appendix 4

Discriminant Analysis 8

Input variables:


pinen  oakn  misc8n


legume  grass  forb  litter  bare  ntaxam  ntaxasd

Standardized Canonical Discriminant Function Coefficients

	 
	Function
	 

	 
	1
	2

	PINEN
	13.409
	-4.531

	OAKN
	25.031
	.308

	MISC8N
	-21.673
	3.982

	LEGUME
	3.989
	-4.140

	GRASS
	-13.263
	-1.035

	FORB
	13.113
	6.766
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Appendix 5

Discriminant Analysis 1

Input variables:


canm  soilm  langm  bittm  dbhm  treesn  basalare

Standardized Canonical Discriminant Function Coefficients

	 
	Function
	 

	 
	1
	2

	CANM
	1.092
	2.621

	SOILM
	-25.004
	-2.539

	LANGM
	-4.912
	-.425

	BITTM
	1.842
	-2.765

	TREESN
	5.419
	1.821

	DBHM
	28.204
	4.605
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Appendix 6

Discriminant Analysis 9

Input variables:


canm  soilm  langm  bittm

Standardized Canonical Discriminant Function Coefficients

	 
	Function
	 

	 
	1
	2

	CANM
	-.151
	4.156

	SOILM
	1.021
	-.046

	LANGM
	-.789
	1.140

	BITTM
	-.068
	-3.590
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Discriminant Analysis 8
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Discriminant Analysis 12
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Discriminant Analysis 9
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Discriminant Analysis 1
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