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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 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, depth of A horizon, soil respiration, and hyperspectral reflectance measurements of surface soils. Soil chemical and physical analyses are approximately 80% completed. Hyperspectral analysis is being conducted under lab conditions in order to correlate with field measurements of hyperspectral and biogeochemical parameters. Results of previous lab based reflectance signatures of soil samples have been analyzed using multivariate statistical methods and results are being prepared for publication.

 Soil sampling in support of the Watershed Hydrology Model was completed. Samples (0-10 cm) were obtained in transects paralleling both sides of two second order streams in the Bonham watershed. Biogeochemical analyses are approximately 80% completed, and results will be used to determine values for soil nutrient compartments of the hydrologic model. 
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. 

Hydrology

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.
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, but was reduced to once per month in FY2003. Rainfall 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. Soil analyses are approximately 80% complete.

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. 

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   

Validation of Selected Soil Biogeochemistry 
06/2003
Soil sampling completed

Indicators through re-sampling and soil 

Soil analysis ~80% complete

analysis of a subset of Phase I sites.





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

study

First (3 month) litter bags



and soil samples recovered.

Correlation of Soil Biogeochemistry with 
09/2003
Soil sampling completed

Watershed Hydrology Model 

Soil analysis ~80% complete

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



Soil analysis ~80% 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 
INTEGRATION OF PROJECT COMPONENTS

Efforts continue towards the integration of research from the various components of the project. Two research coordination meetings have been held, attended by the individual PIs and researchers from the UF team. In particular, integration of the vegetation monitoring and soil biogeochemical studies has been emphasized. Vegetation data was collected at all Phase I sites to determine spatial variability of vegetation communities throughout the Ft. Benning reservation, and to correlate with spatial variability of soil texture and physical characterizations. Results of this integration have been reported previously in annual and quarterly reports. Multivariate statistical analysis of the combined vegetation and soil biogeochemical dataset will attempt to extend and strengthen these findings.

A second phase of vegetation studies has attempted to more precisely define the relationship among disturbance, recovery, vegetation communities and soil properties. A chronosequence study focusing on recovery of ground cover vegetation after clear cutting was conducted in 2001/2002. Ground cover vegetation was assessed within two major soil groups (loamy vs sandy soils) and four time intervals after logging for a total of 32 sites.  Military activity for these sites was low to moderate.  Identification of pattern and rate of ground cover recovery following clear cutting will aid in identification of sensitivity and rate of return of herbaceous species following low to moderate levels of disturbance and further separate natural variation from variation attributed to anthropogenic disturbance. Within each soil type, 4 sites were selected representing time since last clear-cut: 0-3, 8-10, 18-20, and >30 years.  In order to reduce variability, potential sites were subjected to the same logging techniques, which included roller chopping and burning but no herbicides and had similar fire histories and slope (0-6%). While all sites were clear-cut, only > 30 year-old stands were thinned.   All pine stands within the reservation that fit these criteria were compiled into a list from which study sites were randomly chosen.  

In order to integrate information on the recovery of vegetation communities after disturbance to soil biogeochemical properties, an undisturbed soil core was taken adjacent to each herbaceous quadrat for laboratory bulk density determination.  Additional soil samples were collected at the terminus and centerpoint of each transect and at each center point for a total of 4 samples; 20 overall for the site. These samples were combined in a single container for each subplot. Texture, pH, organic matter, total nitrogen and total carbon were measured for these composite samples. Additionally, centerpoint and transect terminus samples were analyzed for the full suite of physical / chemical parameters, including: pH, Ash content, TP, TC, TN, WEC, K2SO4 extractable NH4-N and TOC, Water extractable P, HCl extractable P, Fe, Al, and Ca, oxalate extractable P, Fe, and Al,  Mehlich extractable P, Fe, Al, Ca, Mg, K, and Acid Phosphatase, Beta-Glucosidase, Dehydrogenase, Peptidase Activities.  

Integration of the soil biogeochemistry with the hydrological studies will be furthered through the correlation of biogeochemical data with the Watershed Hydrology Model being developed by Dr. Jennifer Jacobs. The objective of this study will be to determine soil chemical and biogeochemical parameters that affect stream and ground water chemistry. Samples have been obtained from transects paralleling Bonham 1 and 2 streams. Analyses of these samples are underway for: TOC, DOC, NO3, NH4, TKN, TP, SRP, Cl-, and SO4. 
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