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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

I. Hydrology

Watershed hydrologic monitoring activities continued, including precipitation monitoring, stream flow gauging, throughfall measurements, water content sampling, and soil water, groundwater and stream water sampling. Hydrological sampling is performed approximately once per month in FY2003. Runoff sampling continues on an event basis using an ISCO sampler. Preliminary modeling results suggest that an understanding of hydrologic pathways is necessary to link excess nitrogen to stream water chemistry. These results will be correlated to soil biogeochemical parameters from transects paralleling two second order streams in the Bonham watershed sampled in December 2002 and one in June 2003.

During FY2003, joint efforts between UF (Jacobs) and ORNL (Garten and Ashwood) will be continued in an attempt 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. 

Soil water content measurements in the Bonham-1 watershed were obtained every two months in FY2002 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. Results are being compiled into a thesis (Perkins, D. 2003. Soil Hydrologic Characterization and Soil-water Storage Dynamics in a Forested Watershed.  M. S. Thesis. Purdue University) and publication.
II. Vegetation

A chronosequence study focusing on recovery of ground cover vegetation after clear cutting was conducted in FY2002, resulting in a MS thesis (Jessica Archer, defended 3/03). Results are in preparation for publication. Identification of pattern and rate of ground cover recovery following clear cutting will be used in a re-analysis of Phase I spatial data in an attempt to separate the impacts of military land disturbance from disturbance due to forestry management. 

III. Soil Biogeochemistry

i) A second sampling of soil was conducted in June 2003 in support of the Watershed Hydrology Model. This sampling event was conducted to account for seasonal trends in carbon and nitrogen inputs to the watershed. Samples (0-10 cm) were obtained in transects paralleling both sides of the Bonham 2 stream channel. Biogeochemical analyses are completed on fall 2002 samples, and analyses of most recent samples have begun. Results will be used to determine values for soil nutrient compartments of the hydrologic model. 

ii) Results of Phase I reflectance signatures of soil samples have been analyzed using multivariate statistical methods and results are being prepared for publication. 

iii) Data uploads to the SEMP data repository are currently not possible. Data for TC, depth of A horizon, Bulk Density, and a suite of biogeochemical parameters for transects will be submitted to the SEMP data repository as soon as uploads are again allowed.

iv) Soil sampling for validation of selected biogeochemical parameters was completed for a subset of Phase I sites (Bonham watershed). Additional field measurements were made at each site including soil moisture, soil respiration, and hyperspectral reflectance measurements of surface soils. Soil chemical analyses are completed. Hyperspectral analysis has been conducted under lab conditions in order to test the discriminant function model that was developed using phase1 reflectance measurements. Data analysis to quantify the similarity or dissimilarity between phase1 reflectance measurements and these new soil reflectance measurements using different similarity indices has been completed and preliminary results presented below. 

Preliminary Results of Hyperspectral Analyses:

In-situ reflectance measurements were not used to test the Phase 1 discrimination model due to low overall reflectance resulting from soil moisture and because the variability in the reflectance values was much higher than the more stable in-lab spectral signatures. To quantify the similarity between in-situ reflectance measurements and other reflectance measurements (top 2 cm in-lab, top 20 cm in-lab and Phase1 top 20 cm in-lab), a matching technique proposed by Drake et al. (1999) was used. Data was first smoothed using Savitzky-Golay 11 point smoothing algorithm (Savitzky et al. 1964). Each soil signature was also normalized about their mean (Drake et al. 1999).
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Conclusions:
1) Top 20 cm in-lab soil reflectance measurements of Phase3 showed the same degree of separation between low, medium and severe sites as shown by Phase1 top 20 cm soil reflectance measurements. Continuous gradation and overlap between the disturbance classes was still evident. There wasn’t any improvement over the discrimination that was obtained using Phase1 reflectance measurements. Soil reflectance measurements in general showed a sound temporal stability for use in discriminating between the disturbance classes.

2) Based on 41 sites, top 2 cm in-lab reflectance measurements showed a satisfactory discrimination between low, medium and severe sites. It successfully discriminated a larger number of severely disturbed sites. The feasibility of using top 2 cm soil reflectance measurements with Phase1 top 20 cm reflectance based models cannot be firmly concluded at this point because of the small dataset of Phase3.

3) Based on the raw reflectance measurements without any data preprocessing, Phase3 surface in-situ soil reflectance measurements showed the most similarity with Phase3 top 2 cm in-lab soil reflectance measurements followed by Phase3 top 20 cm in-lab and Phase1 top 20 cm in-lab soil reflectance measurements.

4) With a smoothing function used and derivatives taken at 1 nm interval, Phase 3 in-situ soil reflectance measurements showed most similarity with the Phase 3 top 2cm in-lab reflectance measurements, followed by Phase 1 top 20cm in-lab reflectance measurements and Phase 3 top 20cm in-lab reflectance measurements.

5) The relationship between the moisture content in the soil and the degree of similarity between Phase 3 in-situ soil reflectance measurements and other sets of reflectance measurements (Phase 3 top 2 cm in-lab, Phase 3 top 20 cm in-lab) showed that as the moisture in the soil increases by more than 10% the degree of similarity significantly decreases.

Future research:

1) 
The spectral library of 397 phase1 reflectance observations and the biogeochemical variables measured on them will be used to predict the biogeochemical makeup of new reflectance measurements based on library matching indices. This will then be compared to the PLS (partial least squares) based predictions.

2) 
PLS model that was developed using 397 phase1 reflectance measurements will also be tested on this new set of reflectance measurements.
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PROJECT MILESTONES
The following are milestones for FY2003, as listed in the FY2003 Execution Plan, for the University of Florida-Purdue University research team:  

Task
Due Date
Status   

Prepare and submit peer-reviewed manuscripts
03/2003 and
Two publications submitted;


07/2003
three in preparation.
Validation of Selected Soil Biogeochemistry 
06/2003
Soil sampling completed

Indicators through re-sampling and soil 

Soil analysis complete

analysis of a subset of Phase I sites.





Litter Decomposition and Carbon Dynamics 
06/2004
Initial litter bags deployed

study

First and second (3 and 6 month) litter bags and soil samples recovered.

Correlation of Soil Biogeochemistry with 
09/2003

Soil sampling and analysis of Watershed Hydrology Model 



12/02- samples completed.



Seasonal sampling (6/03) completed, soil analysis begun.

Refinement of Hyperspectral Analysis of Soils 
06/2003
Field sampling completed



Soil analysis complete; initial data analysis complete.

Analysis of vegetation community structure 
06/2003
Thesis defended and

and composition with respect to disturbance 
publications in preparation.

and soil characteristics 

Further analyses of Sediment Water Storage 
06/2003
Analyses underway

to find seasonal or periodic variation trends
Extension of the throughfall model to generate 
09/2003
Data collection ongoing

distributed water input data for the Watershed 

Hydrologic Budget 
Submit field data to repository 
06/2003
Not submitted due to problem with SEMP repository web site.

INTEGRATION OF PROJECT COMPONENTS

Efforts continue towards the integration of research from the various components of the project. Two research coordination meetings are being planned for early September 2003, one to be attended by the individual PIs and researchers from the UF team and a second for all Ft. Benning SEMP researchers.

Publications (submitted) 

Bryant, M.L., Bhat, S., and J.M. Jacobs. Spatiotemporal throughfall characterization of heterogeneous forest communities in the southeastern U.S.  Journal of Hydrology (in review)

Dabral, S., W. D. Graham, J.P. Prenger, and W. F. DeBusk.  Development of soil biogeochemical indicators of ecological condition for military land management.  Journal of Environmental Quality (returned for revision).

Theses and Dissertations

Archer, J.K. 2003. Understory vegetation and soil response to silvicultural activity in a southeastern mixed pine forest: a chronosequence study. 56 pp. University of Florida.

Chen, Weiwei. 2001. Optimization of terminal restriction fragment length polymorphism and evaluation of microbial community structure as indicator of ecosystem integrity. M.S. Thesis, University of Florida.

Perkins, D. 2003. Soil Hydrologic Characterization and Soil-water Storage Dynamics in a Forested Watershed.  M. S. Thesis. Purdue University.
Skulnick, B. L. 2002.  Soil carbon biogeochemistry: Indicators of ecological disturbance.  M. S. Thesis.  University of Florida

Tkaczyk, M  2002. Rainfall Runoff and Subsurface Flow Analysis to Investigate the Flow Paths in Forested Watersheds Utilizing TOPMODEL . M. S. Thesis.  Civil and Materials Engineering Department, University of Illinois at Chicago
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