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INTRODUCTION

Our research seeks to develop suitable indicators of ecosystem integrity and impending ecological change resulting from both natural variation and anthropogenic activities. We will use a multidisciplinary and multi-scale approach, which will result in robust techniques for ecosystem monitoring and evaluation. Results of the study will enhance the ability to minimize, mitigate or remove major negative environmental impacts on DoD’s ability to conduct the military mission. Through the proposed research plan, we will address the SEMP objective of identifying indicators that signal ecological change in intensively and/or lightly used ecological systems on military installations. These indicators will provide early indications of change associated with (1) natural ecosystem variability and (2) military activities, including training and testing, as well as other land management practices. Early indications of change, and an understanding of the likely causes, will improve installation managers’ ability to manage activities that are shown to be damaging, and prevent long-term, negative effects. 

The concept of ecosystem integrity, or “health”, in the context of the military installation, encompasses not only the sustainability of the “natural” biota in the system, but also the sustainability of human activities at the installation, namely the military mission. Thus, changes in ecological condition are of great concern to both resource managers and military trainers. A suite of variables is needed to measure changes in ecological condition. Two types of indicators that may be useful are (1) variables that inform managers about ecosystem status and (2) variables that signal impending change. In many cases, these indicators may be the same. Both types are needed, but variables that serve as early warnings of impending changes outside the natural range of variation, and variables that are shown to be related to activities affecting the military mission, may be especially valuable.

TECHNICAL OBJECTIVE


We are evaluating a suite of parameters related to properties and processes in the understory vegetation, soil and surface hydrology as potentially sensitive indicators of ecosystem integrity and ecological response to natural and anthropogenic factors. In general, the soil hydrologic and biogeochemical parameters to be examined relate to changes in soil physical and chemical characteristics, and the response of soil microbial population and plant communities. To the greatest extent possible, cause and effect relationships will be developed between environmental changes, due to both natural variability and anthropogenic perturbation, and soil and vegetation responses, primarily as they relate to nutrient storage, nutrient turnover and population dynamics.

Our basic premise is that soil serves as the central ecosystem component that links the quality of the terrestrial habitats (by influencing the vegetation and its stability) and the aquatic habitats (via control of soil erosion and overland runoff). Thus, a careful study of soil parameters and processes and linking them to impacts on terrestrial/aquatic habitats is the basis for our experimental approach. Furthermore, we aim to establish a sound scientific basis for the empirical parameters that might be used as ecological indicators. 

Our research and monitoring plan addresses the following objectives: 

· Identify physical, chemical and biological variables (properties and processes) associated with soil, surface hydrology and vegetation that may be used as indicators of ecological change.

· Evaluate potential ecological indicators based on sensitivity, selectivity, ease of measurement and cost effectiveness.

· Select indicators that most effectively 1) show a high correlation with a certain state in a specific ecosystem, 2) provide early warning of impending change and 3) differentiate between natural ecological variation and anthropogenic negative impacts. 

· Determine the likely range of natural variation for indicator variables, and compare with the range of values under anthropogenic, especially mission-related, influences.

ACCOMPLISHMENTS

Drs. Jennifer Jacobs, Joe Prenger and Bill DeBusk attended the SEMP – Benning research coordination meeting in Columbus on 5-6 November, 2001. Dr. DeBusk presented an overview of the University of Florida / Purdue University research. Jacobs, DeBusk and graduate students Nathan Haws and Dan Perkins (Purdue) participated in the field demonstration following the RCM (7 November).

Research activities are presented below:

Hydrology

· The Randall Creek stream flow measurement site was moved due to no flow conditions. A staff gage and a pressure transducer was installed for the stage measurement. The stage measurements in Bonham-1, and Bonham-2 Creeks continued. Duplicate measurements of rainfall in Bonham-1 watershed continued. Measurements of stream discharge were conducted every three weeks from October to December. 
· Analysis of Indicators of Hydrologic Alternation were developed for Bonham 1 and Bonham 2. 
· Period 2 of 4 for the throughfall study was completed. Initial results show a distinct signature among the 5 vegetation types categories into five different groups: wetland, pine plantation, hard wood, mixed, and pine for throughfall study. The spatially distributed model hydrological input model development was completed. The model includes a Gash throughfall model coupled to a GIS system which uses landuse coverages. Preliminary analysis of period 1 results show excellent ability to predict throughfall in all categories except wetlands. Routine clogging of tipping bucket gages in the wetlands site has reduced the quantity and quality of data collected at the site. 
· A stream water chemistry investigation was initiated using grab samples in approximately 8 locations. The laboratory results will be used to develop a means to investigate and determine the interrelationship between nutrients and hydrologic processes.
· Development of TOPMODEL parameters for ECMI and UF watersheds was initiated. Preliminary hydrologic modeling efforts in Bonham 1 and Bonham-2 were conducted using TOPMODEL. The model parameters needed to run TOPMODEL in DOS platform were calculated. The model was run and showed reasonable results. Modeling efforts were initiated to link the throughfall model to TOPMODEL.  

· During the first week of November, the Purdue research group (Haws and Perkins) measured soil-water content at multiple locations along strategically located transects within Bonham-1 (low disturbance), Bonham-2 (moderate disturbance), and Sally Branch watersheds. Additional soil cores were collected, and they are being processed to determine the soil-moisture release curves. Geostatistical and GIS processing of the collected data is underway.

Vegetation

From October through December of 2001, vegetation sampling was focused in upland pine stands with prior timber thinning disturbances.  The objective of this aspect of the study is to evaluate recovery times for understory vegetation composition as well as compaction of the soil after a silvicultural disturbance.  Thirty-two total sites were selected, and divided into two soil types or classes, sandy and loamy.  Within each soil type, 4 sites were selected from each of the following categories representing time since last clearcut: 0-3 years, 8-10 years, 16-20 years and >30 years.  In order to quantify the variability within each of the 32 stands, sampling occurred in 5 randomly chosen subplots.  In each subplot, herbaceous vegetation cover was measured at the center point and at a point 5-m away using 1 m2 quadrats with ocular estimation Dobbenmeyer scale, and woody plant cover was measured along three 4-m line intercept transects radiating outward from the center point.  Each of the sites was permanently marked with flags and entered into a computer with its GPS coordinates for ease of collecting the associated soil samples in January, 2002.  Statistical analyses will be performed once the soil samples are collected.  Canonical correspondence analysis (CCA) will be used as an ordination technique to determine the relationship between the plant cover values and soil characteristics, as well as the disturbance factor (time since last clearcut).  

Soil Biogeochemistry

Multivariate analysis of the soil biogeochemistry Phase I and II data sets was completed. A manuscript reporting these results is in preparation as of December 2001. 

PROJECT MILESTONES

Multivariate / geostatistical analysis of Phase I soils/vegetation data
Completed: 12/2001
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INTRODUCTION

Our research seeks to develop suitable indicators of ecosystem integrity and impending ecological change resulting from both natural variation and anthropogenic activities. We will use a multidisciplinary and multi-scale approach, which will result in robust techniques for ecosystem monitoring and evaluation. Results of the study will enhance the ability to minimize, mitigate or remove major negative environmental impacts on DoD’s ability to conduct the military mission. Through the proposed research plan, we will address the SEMP objective of identifying indicators that signal ecological change in intensively and/or lightly used ecological systems on military installations. These indicators will provide early indications of change associated with (1) natural ecosystem variability and (2) military activities, including training and testing, as well as other land management practices. Early indications of change, and an understanding of the likely causes, will improve installation managers’ ability to manage activities that are shown to be damaging, and prevent long-term, negative effects. 

The concept of ecosystem integrity, or “health”, in the context of the military installation, encompasses not only the sustainability of the “natural” biota in the system, but also the sustainability of human activities at the installation, namely the military mission. Thus, changes in ecological condition are of great concern to both resource managers and military trainers. A suite of variables is needed to measure changes in ecological condition. Two types of indicators that may be useful are (1) variables that inform managers about ecosystem status and (2) variables that signal impending change. In many cases, these indicators may be the same. Both types are needed, but variables that serve as early warnings of impending changes outside the natural range of variation, and variables that are shown to be related to activities affecting the military mission, may be especially valuable.

TECHNICAL OBJECTIVE


We are evaluating a suite of parameters related to properties and processes in the understory vegetation, soil and surface hydrology as potentially sensitive indicators of ecosystem integrity and ecological response to natural and anthropogenic factors. In general, the soil hydrologic and biogeochemical parameters to be examined relate to changes in soil physical and chemical characteristics, and the response of soil microbial population and plant communities. To the greatest extent possible, cause and effect relationships will be developed between environmental changes, due to both natural variability and anthropogenic perturbation, and soil and vegetation responses, primarily as they relate to nutrient storage, nutrient turnover and population dynamics.

Our basic premise is that soil serves as the central ecosystem component that links the quality of the terrestrial habitats (by influencing the vegetation and its stability) and the aquatic habitats (via control of soil erosion and overland runoff). Thus, a careful study of soil parameters and processes and linking them to impacts on terrestrial/aquatic habitats is the basis for our experimental approach. Furthermore, we aim to establish a sound scientific basis for the empirical parameters that might be used as ecological indicators. 

Our research and monitoring plan addresses the following objectives: 

· Identify physical, chemical and biological variables (properties and processes) associated with soil, surface hydrology and vegetation that may be used as indicators of ecological change.

· Evaluate potential ecological indicators based on sensitivity, selectivity, ease of measurement and cost effectiveness.

· Select indicators that most effectively 1) show a high correlation with a certain state in a specific ecosystem, 2) provide early warning of impending change and 3) differentiate between natural ecological variation and anthropogenic negative impacts. 

· Determine the likely range of natural variation for indicator variables, and compare with the range of values under anthropogenic, especially mission-related, influences.

ACCOMPLISHMENTS

Watershed Hydrology

· The stage measurements in Bonham-1, Bonham-2 and Oscar-1 Creeks continued. Duplicate measurements of rainfall in Bonham-1 watershed continued. Measurements of stream discharge were conducted every two weeks from January to March. 
· A transect of vadose zone wells were in the Bonham-2 riparian zone were installed and monitored in during this period.
· Period 3 of 4 for the throughfall study was completed. Data were collected biweekly. Initial results show a distinct signature among the 5 vegetation types categories into five different groups: wetland, pine plantation, hard wood, mixed, and pine for throughfall study. The spatially distributed model hydrological input model development is being modified to provide continuous water input data. A 3-month experiment to validate the model’s ability to be extrapolated spatially was commenced in the pine and wetlands. Routine clogging of tipping bucket gages problems have been eliminated. 
· Stream water chemistry investigation continued to analyze monthly grab samples in approximately the ECMI watersheds and the UF watersheds. The laboratory results will be used to develop a means to investigate and determine the interrelationship between nutrients and hydrologic processes.
· TOPMODEL efforts continued for ECMI and UF watersheds. Preliminary hydrologic modeling efforts in Bonham 1 and Bonham-2 were conducted using TOPMODEL. TOPMODEL analysis for 2001 dataset is underway. Efforts to couple hydrolab data to storm events is underway. 

Soil Hydrologic Properties

Water content measurements were taken in the Bonham-1 watershed (D12 compartment) on January 18th and 20th.  Sample locations were predetermined at relatively regular intervals over the 235-acre watershed following past sampling strategy using 50-meter contour lines as references, excluding riparian areas.

The measurements were made using the Delta-T( TH2O Soil Moisture Meter at an accuracy of +/- 0.01 m3/m3 (1%).  The design of the TH2O was practical for designated interval measurements of water content to a depth of 30 inches.  Depth water content measurements were taken at the surface and succeeding depths of 6, 12, 18, 24, and 30 inches by first digging with a soil auger to the desired depth and then inserting the probe into the soil.  This process was done at all sampling locations.

Each depth of the sampling locations was analyzed separately for water content estimation.  First, a statistical distribution of water content was computed for each depth to eliminate potential outliers.  Then variogram models were used to develop a spatial water content structure by the method of block kriging using Geo-EAS( software.  This method was used to calculate and assign unbiased water content values over the Bonham-1 watershed for each depth.  The January 18th water content measurements represented pre-rainfall event conditions.  On the 19th 1.01 inches of through-fall rainfall were reported (Bhat, S , Jacobs, J University of Florida) for the Bonham-1 area. The following day, January 20th, another sampling campaign was conducted using the same sample locations as the January 18th campaign.  The objective was to monitor soil-water storage dynamics for this rainfall event.  Kriged water content values were calculated from Geo-EAS( and plotted in ESRI( Arcview.  Spatial water content distribution graphs offer a means to compare trends between depths, other sampling campaign dates, vegetation coverage, and other soil survey coverages.  

As the analysis of the upland area water content continues, total water content of each depth will be calculated and combined with the riparian area to yield the total soil-water storage.  As it stands, the current methods of block kriging water content calls for more spatial water content information than has been gathered for this January campaign to take advantage of its full potential as an unbiased estimator.  An inverse distance squared interpolation of water content would most likely offer similar total soil-water estimates, but would lose some of the spatial structure that is present.  The spatial water content estimation of the Bonham-1 watershed will be used in a similar media approach to estimate water content values in other areas with limited information.  

Moisture release curves are currently being measured from soil cores taken along transects in Bonham-1, Bonham-2, and two other first-order watersheds in the Sally Branch.  In addition, particle size distribution is being measured from the core samples.  Using this data, multi-variate analysis, 1-dimensional kriging, and scaling exercises will be done to predict water content values in other watersheds.  

Vegetation/Soils

Phase II activity continued from the fall with data collection from 32 timber-managed sites representing 4 distinct time periods since last clearcut.  The final vegetation data was gathered as well as core samples of soils associated with each of these sites.  Some of the plant species were difficult to identify to the species level in the field, and we are now identifying them in the lab.  Soils analyses, including organic matter, total nutrients, plant-available nutrients and soil texture, are ongoing and in the next several months we will combine the soils and vegetation data to analyze soil-vegetation-land condition relationships.  Initial analysis of the vegetation data is underway with some interesting results already becoming apparent.  For example, composition of the herbaceous understory vegetation seems to be explained by the disturbance factor (time since last clearcut) much better than the underlying soil type. 

Soil Biogeochemistry

Preliminary work was begun on methodology development for hyperspectral characterization of soils physical and chemical properties. Advances in Diffuse Reflectance Spectroscopy (DRS) and other spectroradiometric techniques have allowed the development of non-destructive estimations of soil properties in the laboratory as well as remotely sensed spectral analysis. Laboratory- and field-scale spectroradiometers are now available, making it possible to develop detailed libraries of reflectance spectra for soils in a given region or management area. These Reflectance Spectral Libraries (RSL) can then be correlated to specific physical or chemical properties of soils. Since DRS analysis of soil samples is less time consuming and requires significantly less manpower, large-scale and detailed monitoring of soil conditions within a management area are therefore feasible.

Because of the complexity of spectral data, large physical / chemical data sets are required for the development of meaningful spectral libraries. Since several hundred archived soil samples are already available from our previous sampling events, we are utilizing these samples to generate a detailed and comprehensive library of soil reflectance spectra. The archived soil samples have been analyzed for numerous (generally from 25 to 30) physical, chemical and microbiological properties. 

Our soil samples were taken from both upland and wetland areas and are representative of a broad range of soil types, organic matter content, and vegetation communities, and include areas of specific interest to resource managers, such as highly eroded areas. Our goal is to link the rapid analytical method provided by DRS with our existing effort to develop cause and effect relationships between environmental changes, due to both natural variability and anthropogenic disturbance, and soil and vegetation responses.

Air-dried soils were screened through a 2-mm sieve, packed into 55-mm diameter petri dish and scanned using a portable spectrometer (FieldSpecTM FR, Analytical Spectral Devices Inc., Boulder, Colorado) at wavelengths from 0.35 to 2.5 μm with a spectral sampling interval of 1 nm. Illumination was provided by a tungsten quartz halogen filament lamp (50W bulb; ~3200 K color temperature). Reflectance spectra were recorded at four positions by successively rotating the sample 90o. Ten spectra are recorded at each position and averaged.

Raw spectral reflectance data will be resampled to 10 nm wavelength intervals from 0.35 to 2.5 μm and transformed with first derivative processing. Derivative processing minimizes variation among samples caused by variation in grinding and optical set-up. Multivariate relationships among soil properties will be determined, and individual soil variables will be calibrated against reflectance wavebands using classification and regression trees. Calibration models will be developed on a random sample of two-thirds of the soil samples for each soil variable. The remaining one-third of samples will be used to test calibrations by predicting soil variables. 

The rapid sample processing and analysis, and large quantity of highly detailed data generated make this a promising technique for land management and natural resource conservation. In addition, these data may allow a more meaningful and detailed interpretation of remotely sensed data (e.g. AVIRIS).

PROJECT MILESTONES

No milestones listed for this quarter.
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INTRODUCTION

Our research seeks to develop suitable indicators of ecosystem integrity and impending ecological change resulting from both natural variation and anthropogenic activities. We will use a multidisciplinary and multi-scale approach, which will result in robust techniques for ecosystem monitoring and evaluation. Results of the study will enhance the ability to minimize, mitigate or remove major negative environmental impacts on DoD’s ability to conduct the military mission. Through the proposed research plan, we will address the SEMP objective of identifying indicators that signal ecological change in intensively and/or lightly used ecological systems on military installations. These indicators will provide early indications of change associated with (1) natural ecosystem variability and (2) military activities, including training and testing, as well as other land management practices. Early indications of change, and an understanding of the likely causes, will improve installation managers’ ability to manage activities that are shown to be damaging, and prevent long-term, negative effects. 

The concept of ecosystem integrity, or “health”, in the context of the military installation, encompasses not only the sustainability of the “natural” biota in the system, but also the sustainability of human activities at the installation, namely the military mission. Thus, changes in ecological condition are of great concern to both resource managers and military trainers. A suite of variables is needed to measure changes in ecological condition. Two types of indicators that may be useful are (1) variables that inform managers about ecosystem status and (2) variables that signal impending change. In many cases, these indicators may be the same. Both types are needed, but variables that serve as early warnings of impending changes outside the natural range of variation, and variables that are shown to be related to activities affecting the military mission, may be especially valuable.

TECHNICAL OBJECTIVE


We are evaluating a suite of parameters related to properties and processes in the understory vegetation, soil and surface hydrology as potentially sensitive indicators of ecosystem integrity and ecological response to natural and anthropogenic factors. In general, the soil hydrologic and biogeochemical parameters to be examined relate to changes in soil physical and chemical characteristics, and the response of soil microbial population and plant communities. To the greatest extent possible, cause and effect relationships will be developed between environmental changes, due to both natural variability and anthropogenic perturbation, and soil and vegetation responses, primarily as they relate to nutrient storage, nutrient turnover and population dynamics.

Our basic premise is that soil serves as the central ecosystem component that links the quality of the terrestrial habitats (by influencing the vegetation and its stability) and the aquatic habitats (via control of soil erosion and overland runoff). Thus, a careful study of soil parameters and processes and linking them to impacts on terrestrial/aquatic habitats is the basis for our experimental approach. Furthermore, we aim to establish a sound scientific basis for the empirical parameters that might be used as ecological indicators. 

Our research and monitoring plan addresses the following objectives: 

· Identify physical, chemical and biological variables (properties and processes) associated with soil, surface hydrology and vegetation that may be used as indicators of ecological change.

· Evaluate potential ecological indicators based on sensitivity, selectivity, ease of measurement and cost effectiveness.

· Select indicators that most effectively 1) show a high correlation with a certain state in a specific ecosystem, 2) provide early warning of impending change and 3) differentiate between natural ecological variation and anthropogenic negative impacts. 

· Determine the likely range of natural variation for indicator variables, and compare with the range of values under anthropogenic, especially mission-related, influences.

ACCOMPLISHMENTS

Watershed Hydrology

· The stage measurements in Bonham-1, and Bonham-2 Creeks continued. Duplicate measurements of rainfall in Bonham-1 watershed continued. Measurements of stream discharge were conducted every two weeks from April to June. 

· Two transects of vadose zone wells (12 in number) in the Bonham-2 riparian zone were installed and monitored during this period. 
· Twenty-four lysimeters, two adjacent to each groundwater wells, were installed to monitor soil waters at two different depths: organic layer, and root zone.

· Throughfall study was completed. Data were collected biweekly. Initial results show a distinct signature among the 5 vegetation type categories into five different groups: wetland, pine plantation, hard wood, mixed, and pine for throughfall study. The spatially distributed hydrological input model development is being modified to provide continuous water input data. 
· Stemflow measurement in the pine and wetlands continued. Different tree diameters were chosen for the measurements.
· Collection of grab samples of stream water, groundwater, soil water, and ~15 day composite samples of precipitation and throughfall for chemistry investigation continued to analyze in the ECMI watersheds and the UF watersheds. The laboratory results will be used to develop a means to investigate and determine the interrelationship between nutrients and hydrologic processes.

· TOPMODEL efforts continued for ECMI and UF watersheds. Hydrologic modeling efforts in ECMI monitored Bonham watershed was conducted using TOPMODEL. TOPMODEL analysis for 2000-2002 dataset is underway. Efforts to couple hydrolab data to storm events is underway. 

Soil Hydrologic Properties

Spatial water content measurements were completed in the Bonham-1 watershed using 62 distributed locations at a depth of 3, 6, 12, 18, 24 and 30 inches.  This sampling protocol followed the previous sampling routines of other campaigns.  Change in temporal and spatial water content patterns are being monitored in connection with total water storage estimates.  The total water storage estimates will be used in a water balance analysis as applied to infiltration and runoff potential as well as transferability of soil hydraulic properties.  Three types of infiltration measurements were completed at 16 locations.  Two of these locations were in heavily impacted areas and the other 14 were in the un-impacted Bonham-1 watershed.  Single ring infiltration, or positive head infiltration, constant flux infiltration, and constant tension, or negative head infiltration were all implemented at each location.  From constant flux infiltration, drainage curves were also measured for inverse modeling purposes.  The data from these infiltration tests will be used to derive site-specific hydraulic conductivy.  K(h) and ((h)  functions will be also derived and their parameters will be used to predict infiltration and runoff in other watersheds using a similar media approach.

Vegetation/Soils

Phase II analysis of samples and data collected from 32 timber-management sites continued. These sites represent 4 distinct time periods since last clearcut.  All plant samples from the sites have been identified and the vegetation data is now complete and ready for analysis.  Some of the combined soil-vegetation preliminary analyses have revealed strong associations of individual species with one of the four disturbance factors (time since last clearcut). This is most apparent when examining the grass species separately.  Such trends may be important when attempting to identify indicator species.  The presence or absence of these species may thus indicate the quality of the site.  

The plant species are currently being analyzed with the results of the soil quality parameters.  Certain underlying soil characteristics may be the explanation for vegetation responses to the timber thinning.  The bulk density of the soil, a measure of compaction, is likely to be a factor in the vegetation response and these associations are currently being analyzed.  

Soil Biogeochemistry

In January 2002, soil sampling was conducted in association with vegetation analysis (see above) in order to correlate soil biogeochemical parameters vegetation and soil physical characteristics. Soil sampling also continued in upland transects of high military disturbance (Rowan Hill – D12), and low disturbance (D13). Wetland transects were sampled in watersheds with low (D13) and moderate military impact (D12). Soils were analyzed during this quarter for total and extractable nutrients, as previously indicated. 

A site selection field trip was conducted in June, 2002, in order to choose areas appropriate for the next phase of field experiments and soil sampling. Two additional studies are being planned: a leaf bag study to examine carbon cycle dynamics in wetlands and uplands of low and high disturbance; and a study of soil development and recovery after severe disturbance by military training activities. Assuming appropriate sites can be found, the latter study will focus on areas categorized as severely disturbed by 1964 aerial photography but which presently have some forest cover.

Diffuse Reflectance Spectroscopy

As a potential new analytical technique for biogeochemical characterization of soils, preliminary work was begun on methodology development for hyperspectral analysis of soils physical and correlation with chemical properties. Diffuse Reflectance Spectroscopy (DRS) and other spectroradiometric techniques allow non-destructive estimations of soil properties in the laboratory as well as through remotely sensed spectral analysis. Laboratory- and field-scale spectroradiometers are now available, making it possible to develop detailed libraries of reflectance spectra for soils in a given region or management area. These Reflectance Spectral Libraries (RSL) can then be correlated to specific physical or chemical properties of soils. Since DRS analysis of soil samples is less time consuming and requires significantly less manpower, large-scale and detailed monitoring of soil conditions within a management area are therefore feasible. Because of the complexity of spectral data, large physical / chemical data sets are required for the development of meaningful spectral libraries. 

More than 600 soil samples from Fort Benning were scanned in the lab using an ASD spectrometer. Soil samples were taken from both upland and wetland areas and are representative of a broad range of soil types, organic matter content, and vegetation communities, and include areas of specific interest to resource managers, such as highly eroded areas. Our goal is to link the rapid analytical method provided by DRS with our existing effort to develop cause and effect relationships between environmental changes, due to both natural variability and anthropogenic disturbance, and soil and vegetation responses.

Air-dried soils were screened through a 2-mm sieve, packed into 55-mm diameter petri dish and scanned using a portable spectrometer (FieldSpecTM FR, Analytical Spectral Devices Inc., Boulder, Colorado) at wavelengths from 0.35 to 2.5 μm with a spectral sampling interval of 1 nm. Illumination was provided by a tungsten quartz halogen filament lamp (50W bulb; ~3200 K color temperature). Reflectance spectra were recorded at four positions by successively rotating the sample 90o. Ten spectra are recorded at each position and averaged. 

Multivariate relationships among soil properties were determined, and individual soil variables were calibrated against reflectance wavebands using classification and regression trees. Principal Components Analysis (PCA) was used to achieve reduction of the dimensionality of data (2000+ variables of wavelengths) into a few important variables. Cannonical Discrimination and Discriminant Function Analysis was then used to determine whether spectral signatures can discriminate soils taken from bottomlands and uplands and also from low, medium and highly disturbed sites. Cannonical Correlation relates spectral signatures to soil biogeochemistry.

PCA reduced the greater than 2000 wavelengths to 7 principal components that explained 99.7% of the variation in the dataset. Loading factors for each of the 7 principal components illustrate which wavelengths contribute most to the variation among the samples. The 7 principal components are orthogonal to each other, i.e. the information contained in one PC is not contained in any other.

	PC
	Eigen Value
	Proportion
	Cumulative

	1
	1608.52
	0.7478
	0.7478

	2
	287.03
	0.1334
	0.8812

	3
	174.24
	0.0810
	0.9623

	4
	44.52
	0.0207
	0.9830

	5
	17.37
	0.0081
	0.9910

	6
	9.76
	0.0045
	0.9956

	7
	3.47
	0.0016
	0.9972


The principal components were then used to perform a cannonical discrimination analysis based on the disturbance type (low, medium and high) and landscape position (uplands and bottomlands). Discrimination on the basis of landscape position was quite successful using one cannonical variable. Discrimination on the basis of disturbance was not as successful as for landscape positon, but some separation was achieved using two cannonical variables. Discriminant function analysis was used to develop algorithms to classify new soil samples into landscape position and disturbance categories based on their spectral signatures. The algorithm for landscape position was 72% successful in successfully classifying bottomlands and 91% successful in classifying uplands. The algorithm for disturbance category was 53% successful in correctly classifying low disturbance, 68% successful for correctly classifying medium disturbance and 40% successfully in correctly classifying severe disturbance sites.

Future work will test cannonical discriminant and discriminant functions on Phase 2 data. Cannonical correlation, CART, and/or PLS techniques will be used to predict soil biogeochemistry on the basis of spectral signature, and field experiments will be conducted to determine whether quantification of disturbance using spectral analyses can be done in situ, i.e. without bringing soil samples back to the lab

The rapid sample processing and analysis, and large quantity of highly detailed data generated make this a promising technique for land management and natural resource conservation. In addition, these data may allow a more meaningful and detailed interpretation of remotely sensed data (e.g. AVIRIS).

PROJECT MILESTONES

No milestones listed for this quarter.
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INTRODUCTION

The goal of this research is to develop indicators of ecosystem integrity and impending ecological change that include natural variation and human disturbance. We are evaluating parameters related to properties and processes in the understory vegetation, soil and surface hydrology as potentially sensitive indicators of ecosystem integrity and ecological response to natural and anthropogenic factors. The basic premise is that soil serves as the central ecosystem component that links the quality of the terrestrial habitats (by influencing vegetation and its stability) and the aquatic habitats (via control of soil erosion and overland runoff). Our research and monitoring plan addresses the following objectives: 

· Identification of physical, chemical and biological variables of soil, surface hydrology and vegetation that may be used as indicators of ecological change.

· Evaluation of potential ecological indicators for sensitivity, selectivity, ease of measurement and cost effectiveness.

· Selection of indicators that 1) show a high correlation with ecosystem state, 2) provide early warning of impending change and 3) differentiate between natural ecological variation and anthropogenic negative impacts. 

· Determination of the range of natural variation for indicator variables, and comparison with the range of values under anthropogenic, especially mission-related, influences.

ACCOMPLISHMENTS
Soil Biogeochemistry

Soil sampling for biogeochemical analyses was continued along disturbance gradient transects and at vegetation study sites investigating recovery from clearcutting. Multivariate data analyses were completed on Phase I and II biogeochemical data. Hyperspectral analysis was conducted on soil samples taken from the Ft. Benning Installation in Phase I in order to determine whether soil sample spectral signatures can be used to discriminate ecological impact, and to determine the relationship between biogeochemistry and spectral reflectance for soil samples. The reflectance signatures of soil samples were analyzed using multivariate statistical methods. Principal Components Analysis was performed to achieve reduction of the dimensionality of data (2000+ variables of wavelengths) into a few important variables. Canonical Discrimination and Discriminant Function Analysis were conducted to determine whether spectral signatures can be used to discriminate soils taken from bottomlands and uplands and also from low, medium and highly disturbed sites. Canonical Correlation and Partial Least Squares were carried out to relate spectral signatures to soil biogeochemistry. 

Discrimination on the basis of landscape position using hyperspectral data was successful using one canonical variable, and results were comparable to Cannonical Discrimination Analysis results found using biogeochemistry data directly. Cannonical Discrimination on the basis on disturbance was not as successful as that obtained using 20 biogeochemical variables, but comparable to that obtained using 4 variables.Results of the Discriminant Function Analysis for landscape position based on the reflectance data are slightly less accurate than those obtained using 18 biogeochemical variables, but provide approximately the same accuracy as those obtained using 4 biogeochemical variables.  Results of the Discriminant Function Analysis for disturbance based on reflectance data are slightly less accurate than those obtained using 18 biogeochemical variables, but provide approximately the same accuracy as those obtained using 4 biogeochemical variables.

Vegetation

A chronosequence study focusing on recovery of ground cover vegetation after clear cutting was conducted. Ground cover vegetation was assessed within two major soil groups (loamy vs. sandy soils) and four time intervals (0-3, 8-10, 18-20, and >30 years) after logging for a total of 32 sites. Identification of pattern and rate of ground cover recovery following clear cutting will aid in identification of sensitivity and return rate for herbaceous species following low to moderate levels of disturbance, and help to separate natural variation from anthropogenic disturbance. Results indicate that percent clay and sand contributed significantly to variation in vegetation, and CCA produced a weak separation of species based on age classes. Increase Bulk Density was associated with sandy soil in 0-3 year post-clearcut sites, and increased overstory density was associated with 15-20 and  >30 year age classes.

Hydrology

Soil water content measurements were obtained every two months in the Bonham-1 watershed using 50-meter contour lines as references.  Measurements were used to estimate the total water storage and spatial moments of water content within the catchment. When compared to volumes estimated from precipitation and hydrograph data, our estimated soil-water storage appear to account for the expected volume of precipitation minus hydrograph volume. 

Watershed hydrologic monitoring activities continued, including precipitation monitoring, stream flow gaging, throughfall measurements, water content sampling, and soil water, groundwater and stream water sampling. Hydrological sampling occurred approximately 2 times per month during FY2002. The impact of vegetation community and dynamics on water input were characterized by the throughfall study, and results suggest that forests comprised of multiple species may require species-based corrections to model parameters. Water quality measurements revealed low levels of most nutrients, but significantly higher levels of some nutrients (TKN, sulfate, DOC, TOC, NH3, Cl) were observed in throughfall and stemflow than in soil and stream waters. A seasonal increase in stream water nitrogen was observed during the winter months. This increase coincided with the decreased canopy cover in the wetland and hardwood communities.  Preliminary modeling results suggest that an understanding of hydrologic pathways is necessary to link excess nitrogen to stream water chemistry. A joint effort between UF (Jacobs) and ORNL (Garten and Ashwood) was established to generate a distributed, regional model of excess nitrogen at Fort Benning and to develop a hydrologic modeling framework that links the nitrogen model to the stream water chemistry. This effort will be continued during FY2003.

PROJECT MILESTONES
The following are milestones for FY2002, as listed in the FY2002 Execution Plan, for the University of Florida-Purdue University research team:  

Task
Due Date
Status

Sub-watershed sampling and analysis of soil 
09/2002 
Completed
and vegetation changes along ecological and 

land use/disturbance gradients

Analysis of surface water hydrology processes 
09/2002
Completed
as indicators of military disturbance 

Sub-watershed scale dynamics of spatial 
09/2002
Completed
changes in soil-water storage

Characterization of sediment deposition history 
09/2002
Completed 

and linkage to training activities
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