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Accomplishments

MANAGEMENT ACTIVITIES

Research Coordination Meeting

The Strategic Environmental Research and Development Program (SERDP) Ecosystem Management Project (SEMP) and the Fort Benning Directorate of Public Works – Environmental Management Division held a Research Coordination Meeting 14-16 November 2000, in Columbus, GA.  The objectives of this meeting were to better coordinate the research among the different research teams, provide information on SEMP to non-SEMP and non-Army persons to further possible cooperation and to develop recommendations for improving SEMP.

During the morning of the first day, the five research teams gave detailed presentations about their research projects.  In the afternoon John Brent gave a Fort Benning perspective and then invited non-SEMP participants to talk about what their organizations are doing in and around Fort Benning.  These organizations included:  Columbus State University, Army Environmental Policy Institute, The Nature Conservancy, Columbus Water Works, and the Georgia Institute of Technology.  Conclusions from day one include the following:

· Availability of good data supports the military mission

· We need to solidify how will Fort Benning use these data

· The first year of study included a climatic extreme; will this affect long-term planning?

· There are relevant data acquisition activities outside of SEMP

· Different persons and groups on and off post define success in very different terms

· Important to make multiple measure of some elements

· Training intensity must be described more quantitatively than low, medium and high

Day two began with Dr. Rose Kress detailing the work that has been done on the data repository.  John Brent talked about Fort Benning’s needs regarding data availability and application, and discussion was raised on what some of the SERDP and Army concerns might be regarding data sharing.  In the afternoon Pete Swiderek gave an overview on the interactions between natural resource management and the Army training mission and Hugh Westbury identified his roles and responsibilities as Host Site Coordinator.  Hugh also discussed what he expects of the different research teams, when scheduling field studies.  Conclusions from day two were as follows:

· Data repository has several access and submission issues to be resolved (within SEMP)

· Some study sites require more than point data

· Study site map should be posted on website

· Many instrumented sites are vulnerable to training and land management activities

· Quantification of level of disturbance necessary

· Some data gaps identified (training intensity distribution maps, more historic land use maps desired)

· Plans need to reflect “desired future conditions” of the INRMP

· Need to work even more closely with site coordinator

· Request quarterly calendar of proposed field activities

· Many field study sites need (minor) NEPA documentation per Fort Benning regulations

· Fort Benning requests real-time access to certain ECMI data for fire hazard and other purposes

· Will require additional site metadata to describe nature of the instruments or other sensitive features

· Some equipment has been vandalized; can we develop proactive measures to help protect it

· Several plots will be “treated” or “restored” during the studies; all teams should be made award of added opportunities for “calibration”

Day three continued discussions from the previous two days.  It was decided that this was a good forum for sharing ideas and opportunities.  There are plans to hold at least another research coordination meeting in the fall of 2001, and possibly hold a teleconference/videoconference meeting sometime in the summer of 2001.  The meeting was concluded with discussion of those things that are going well within SEMP.  Some of these are as follows:

· Very rich field data collections

· Existing GIS data well-received

· Data repository was initiated and is working

· Field support/coordination is indispensable

· Collaboration has been good, a team of teams is developing

· Safety record has been perfect

· Very minimal conflicts with military mission

· Communications among SEMP teams and with Fort Benning have been good

· Full funding for FY01 is anticipated

SERDP Symposium

Many participants from the SEMP team participated in the annual SERDP Symposium, held in Arlington, VA on 27 Nov through 1 Dec 1999.  There was a booth display for SEMP, which allowed other participants in the symposium to learn about SEMP as well as talk to key players involved.  

SEMP TAC Meeting

The SEMP Technical Advisory Committee met in two half-day sessions held on November 30 – December 1, 2000, in Arlington, VA in conjunction with the SERDP/ESTCP Symposium.  During the first day of this meeting, Dr. Harold Balbach, Acting SEMP Project Manager, brought the TAC members up-to-date on the current SEMP activities. Previous TAC, SAB, and TTAWG action items were reviewed, and their status updated. A list of new or continuing action items was opened, to be added to as the meeting progressed.  Dr. Beverly Collins, Savannah River Ecology Laboratory, and Mr. Chuck Garten, Oak Ridge National Laboratory, the lead PIs for the two FY00 research teams, gave detailed briefings on the objectives of their work, as well as their progress in the first year.  Dr. David Price, US Army ERDC-EL, gave a status report on the monitoring program and progress of the data repository.  

During the second day, Dr. Balbach summarized the purpose, content and outcomes of the Research Coordination Meeting, which was held in Columbus, GA on November 14-16, 2000. This meeting involved more than 40 persons representing 21 interested organizations. The closing sessions, restricted to SEMP research teams and Ft. Benning personnel, developed a set of proposed actions to improve the quality of research coordination among the SEMP groups. This will help to guide the FY 01 and beyond management planning for SEMP. Dr. John Hall, of The Nature Conservancy, reviewed the approach taken within the SEMP “framework” document to establish a linkage between Fort Benning’s natural resources management philosophy and desired management trajectory, as expressed in its draft Integrated Natural Resources Management Plan, and SEMP-directed research meant to inform the management process and its technical basis. This will be distributed separately to the TAC, and will also form a chapter of the SEMP Technical Report now in final preparation.  Dr. Beverly Collins described the “Along the Fall Line” ecosystem management workshop, which is to be held at SREL in March 2001.  Pete Swiderek gave a brief perspective from the host site about progress and issues regarding SEMP, as well as what they were looking for in the future.  In closing, Teresa Aden summarized the action items developed from the meeting.  Tentative schedule for the next TAC meeting will be next spring, possibly held at Fort Benning.

Plans for Fall Line Workshop Completed

Plans were finalized for the Fall Line Workshop, which is to be held on March 6-7, 2001.  This event will be hosted by the Savannah River Ecology Laboratory, Aiken, SC.  A summary of this workshop will be posted in our next quarterly report.

SEMP Information Package

A SEMP information package was developed for the SERDP Symposium.  This included a display, which was used as a booth display at the symposium, an overall SEMP fact sheet and a fact sheet for each research project.  The booth information will be displayed at Fort Benning (with the host site coordinator); at the Engineer Research and Development Center (ERDC) Vicksburg Site (with the Characterization, Monitoring and Repository team); and at the Engineer Research and Development Center, Champaign Site (with the program manager).  The fact sheets can be found on the SEMP website at http://www.denix.osd.mil/SEMP.
RESEARCH PROJECTS

[NOTE:  Each research project PI was required to submit a quarterly report to the SEMP Program Manager.  The following accomplishments were extracted from these reports.  More detailed information from these reports will be used in the FY2001 Annual Plan]

Determination of Indicators of Ecological Change (DeBusk, CS-1114A-99)

Phase I Sampling

Phase I sampling was completed during the 2000 calendar year, while sample analyses, data compilation and statistical analysis are ongoing. The 2nd order sub-watersheds (low- and moderate-impact, within the 3rd order Bonham Creek watershed) that served as the primary domain for hydrologic research will be retained as primary study areas for Phase II collaboration for evaluation of hydrologic, vegetative and soil biogeochemical indicators. The collaborative Phase II studies will be expanded to four additional 2nd order watersheds in the Bonham Creek, Sally Branch and Randall Creek regions. The Phase II watersheds were selected during field reconnaissance trips in December 2000.

Hydrologic Indicators

Monthly site visits were made to Fort Benning in order to continue the Phase I and Phase II intensive field measurements and monitoring of hydrologic parameters in the Bonham Creek watersheds. In summary, stream discharge, throughfall, and precipitation monitoring activities continued, an extensive set of canopy cover measurements was collected in the Bonham watershed, and sedimentation measurements were made, using sediment tiles, in heavily impacted areas of the Bonham watershed. Analysis of streamflow and stage data continue in order to study the storm response at the Phase I monitoring locations. 

GIS tools are being used to analyze the rainfall and throughfall data on the basis of land cover type. The GIS analysis was used to identify distinct regions the land cover in Bonham 1 and 2. Canopy cover measurement locations were based on these regions. The measurement will be used to develop the Gash throughfall model. It is anticipated that the Gash throughfall model will be integrated with the GIS software by the first quarter of year 2. 

Evaluation and statistical analysis of data related to soil hydrologic properties, collected in the Bonham 1 (low impact) and Bonham 2 (moderate impact) 2nd order sub-watersheds during the summer months of 2000, continued during the reporting period of October through December 2000. Data to be evaluated included in-situ permeability measurements and mapping of surface drainage patterns in the Rowan Hill area and other regions of the Bonham 1 and 2 sub-watersheds, and laboratory measurement of hydraulic conductivity and moisture storage-release characteristics. Soil hydrologic properties are being evaluated as both primary indicators of ecological condition, and as supporting information for research and development of primary indicators based on watershed hydrology, soil biogeochemistry and vegetation ecology.

Evaluation of hydrologic indicators, including watershed hydrology and soil hydrologic properties, will be expanded to four additional 2nd-order watersheds (for a total of 6 watersheds) during the first quarter of 2001. Hydrologic research and monitoring sites will be collocated with those selected for Phase II soil biogeochemistry and vegetation studies.

Soil biogeochemical indicators

Analysis of Phase I soil samples, collected from approximately 300 sites within 6 major watersheds, was completed during the October-December 2000 reporting period. The Phase I sampling scheme was designed to capture the full range of spatial variability of soil properties within each monitoring unit. Sites along each transect were stratified according to landscape position, such that approximately equal numbers of sites were selected for bottomlands (wetlands), uplands (hilltops and ridges) and side-slopes. This stratified sampling scheme enables us to account for variability related to general community type (landscape position). 

Phase II evaluation of soil indicators was initiated during December 2000, with a comparative sampling of soils in both wetland and upland areas of highly-impacted (D-15 compartment) and minimally-impacted (D-4) watersheds. Soil cores were taken along transects at 21 sites to a depth of 20 cm in each upland area and at 18 sites to a depth of 10 cm in each wetland area. The purpose of this study was to follow up the Phase I soil indicator evaluation with a more controlled study of selected biogeochemical parameters. In particular, the soil types (as mapped by soil survey) were held constant among the upland (Troup series) and wetland (Bibb series) sites. This approach to evaluating the list of more promising indicators will be extended to all of the Phase II experimental watersheds.

Vegetation indicators

Vegetation plots for Phase I monitoring, which were collocated with Phase I soil sampling sites, were visited during August and September 2000. The primary activity during the past quarter has been to compile and statistically analyze these data. Information obtained from field sampling, observations and other sources include general site descriptions, time since last fire, timber management activities, military training activities and natural stochastic disturbance events such as lightning strike or pine beetle outbreak. Vegetation characteristics and patterns related to soil quality and hydrologic properties, which include understory cover, species diversity, and presence/absence of indicator species, are currently being evaluated. 

Phase II evaluation of vegetation indicators will be initiated during spring and summer of 2001, coincident with Phase II sampling and analysis of soil biogeochemical indicators. 

Development of Ecological Indicator Guilds for Land Management (Krzysik, CS-1114B-99)

Ten Ecological Indicator (EI) systems are being researched to develop and integrate a “Guild System” for assessing disturbance gradients, ecological changes, and thresholds relevant to landuse management decisions, primarily addressing military training environmental impacts.  Nine EI systems are applicable to different ecological systems and scales, while the tenth represents the synthesis of the first nine. 

Field research was conducted at the six research sites that we established in 1999 in the Bonham Creek watershed at Fort Benning, Georgia.  Bonham Creek watershed is located in the eastcentral portion of the installation encompassing Training Ranges D11, D12, D13, D14, D15, and D17.  Two critical factors directly influenced the selection of research sites in this portion of the installation and at this specific watershed.  First of all, Bonham Creek contained the installation’s heaviest use of tactical vehicles and training scenarios at the “Cannons” (D15) and at “Rowan Hill” (D12).  Concurrently, portions of this watershed also represented habitats that were excluded from military impacts (e.g., the “Wildlife Plot” area in D13).  The second important reason for research site selection in this portion of the installation was that the landscape, including of course the streams, represented Sand Hills physiography.  From eastcentral Fort Benning, the Sand Hills runs northeastward in a narrow band of the upper Atlantic Coastal Plain, also including Fort Gordon (Georgia), Fort Jackson (South Carolina), and Fort Bragg (North Carolina).  Therefore, research results at Fort Benning can be appropriately applied and are ecologically relevant to other major Southeast Army installations.  Fort Benning is physiographically complex, with the Piedmont province entering the installation from the north, while the Loomy Hills province enters the installation from the west and southwest.

Research sites were visually assessed and selected to represent a gradient of three levels (low, medium, high) of landscape disturbance from military training activities with replication.  Environmental disturbance was judged by vehicular damage to vegetation and soils.  The UTM loci are the locations of the centers of upland Lysimeters, specifically Lysimeter Number 2.  Each research site represents an area of approximately 20 hectares.

Three new research sites, again representing low, medium, and high disturbance levels were located in Sally Branch watershed in May 2000.  This watershed lies east and adjacent to Bonham Creek watershed.  As in Bonham Creek, Sally Branch contains landscapes that range from low to high disturbance.

Our original experimental design (Proposal: Development of Ecological Indicator Guilds for Land Management) was dependent on identifying and “experimentally” utilizing disturbance gradients based on entire watersheds.  In other words, we expected to find heavily disturbed, moderately disturbed, and lightly disturbed watersheds; where the vegetation and soil disturbances from military training activities, including tactical vehicle impacts, extended throughout upland, riparian, and aquatic ecosystems.  This was not the case.  At Fort Benning we found that the majority of military training activities, particularly when significant tactical vehicles (especially armor) were involved, were limited to upland ridges, and characterized by patchy rather than continuous impacts to the landscape.  The riparian zones and adjacent wetlands or seeps visually appear untouched.  The direct effects of mechanized infantry and armor training were conspicuously absent from riparian and aquatic ecosystems.

Fort Benning is the Army’s premier infantry school, and undoubtedly foot traffic of training personnel (possibly extensive) does occur in riparian and aquatic ecosystems.  However, the climate is conducive to rapid regeneration and growth of vegetation, and these ecosystems must be highly resilient to these “light” perturbations.  Additionally, Fort Benning’s training and environmental staff are knowledgeable and responsible land managers, cognizant of the ecological value and sensitivity of these wetland natural resources.

The training landscape at Fort Benning, characterized by patchy disturbance to pine woods uplands, had a direct influence on our current research site selection and research approach on Ecological Indicators.  Additionally, we realize that the habitats are also subjected to potentially severe natural disturbance regimes – fires (wild, training ordinance, controlled burns), storms, and insect pest outbreaks.  Within individual watersheds we were able to find gradients of training disturbances as patches in the landscape.  Working in individual watersheds also has the advantage of minimizing confounding effects and influences from interwatershed differences in geology, geomorphology, and soils; and eliminates interphysiographic contrasts.  Therefore, our experiments on plant physiological responses and invertebrate communities, including developmental instability, was limited to disturbance gradients in upland pine forest ecosystems.  Although initially we have only worked with a gradient of three levels of habitat impacts, we desire to expand this to at least five levels and quantify disturbance.  However, even more disturbance levels would be desirable.  The need for a number of disturbance levels is critical for four important reasons: 1) quantify the disturbance-effects trend gradient (more points more reliable results and patterns), 2) assess shape of trend gradient (linear or specific curve), 3) detect threshold effects (which may vary for different EI test systems or specific impacts), 4) maintain the capability of studying research site along a disturbance gradient even if one or more of our sites become “unavailable” in the future or through additional research knowledge we find that our original “visual disturbance classification” was incorrect.  Our research with vertebrate communities will integrate local intrawatershed responses to disturbances with the landscape context of Fort Benning and the regional Southeast.  Vertebrate data will be gathered in the field, but also, the installations vertebrate databases will be analyzed.

Although lotic aquatic ecosystems are not directly impacted by tactical vehicles at Fort Benning, disturbances to vegetation and soils in the uplands eventually leave their impression in the installation’s streams.  The impacts to the streams are mainly in the form of increased sediment load (often dramatic), turbidity, and dissolved nutrients and organics.  Another important impact, but not usually recognized or emphasized, is an increase (variance) in the magnitude (both high and low) and fluctuations of instream water level and flow volume.  Currently, we are conduction a paired-comparisons study of lotic aquatic ecosystems, where the paired-comparisons contrast upstream and downstream sampling at landscape patches with high upland disturbance.  The sampling will concentrate on the following biological communities: 1) macroinvertebrates colonizing implanted bundles of native pine logs, 2) riparian herpetofauna, 3) fish, and 4) when appropriate – surber/kicknet sampled benthos.  Additionally, the use of drift-net sampling will be explored.
Indicators of Ecological Change (Dale, CS-1114C-99)

Five members of the team attended the SEMP coordination meeting in Columbus, Georgia on November 14-16. A joint presentation was given. Also, one member of the team participated in the SERDP annual symposium in Washington, DC on November 28-30.

The report, “Historical Influences on Candidate Indicators,” was delivered to SEMP in December 2000.

The following paper was accepted for publication:

Dale, V.H. and Beyeler, S.C. In press. Challenges in the development and use of 

ecological indicators. Ecological Indicators.

The following presentations were given:

· Dale, V.H. Using indicators for restoration and management. Ohio State University. November 2, 2000.

· Foster, T. "Evolutionary Ecology of Creek Residential Mobility," Southeastern


Archaeological Conference, Macon, Georgia, November 2000

Establishment of experiment to aid interpretation of indicators (Virginia Dale and Pat Mulholland, ORNL)

We had several conference calls, examined maps, and spent one afternoon in the field with Hugh Westbury, Teresa Davo, and Pete Swiderek in order to select a filed site for the experiment that will be conducted as part of the project. Both a catchment to contain a manipulated area and a control catchment were selected in Kll.  The details of the manipulation are still under discussion, and the boundaries of the experimental site will be marked in January 2001.

Stream chemistry and biology indicators (Patrick Mulholland, ORNL, and Jack Feminella, Auburn University)

We have continued analysis of storm chemistry profiles from the period December 1999 to March 2000. Although storm phosphate profiles did not appear to be a useful disturbance indicator (concentrations remained relatively low at all sites), storm sulfate profiles suggested that the more highly disturbed catchments had a greater proportion of shallow surface runoff than less disturbed catchments.  In the more disturbed catchments, sulfate concentrations increased more sharply during storm runoff.  This pattern is indicative of a more dramatic shift toward shallow subsurface or surface runoff in disturbed catchments, with flow pathways temporarily bypassing the more highly sorptive lower soil layers during periods of higher stream flow. Samples were collected during 2 storms in December 2000, and additional samples will be collected during storms in January through March 2001.

To date, macroinvertebrates from five streams from the sampling period of 11-12 January 2000 have been identified and enumerated, and these data files have been compiled into an Access data base.  Macroinvertebrates from A17 (Lizzy Branch) are currently being identified.  The reference stream (Lois Creek, K-13) showed higher EPT richness than the remaining streams, but similar total species richness. Total numbers of the sediment-tolerant chironomids, Rheosmittia and Lopescladius (Orthocladiinae), were highest in the most disturbed site (Upper Sally Branch, F2/3), and lowest in the K13 reference site and in D12/13.  Of the six sites sampled in 2000, the disturbed F2/3 site also showed the highest bedload sediment movement (average of ~50 mm of erosion from January – September 2000).

We have located three new sampling locations for the stream studies.  Two of these streams are located in training compartment K11 and appear to drain relatively undisturbed catchments and thus may be useful as reference streams.  In addition, one of these streams will be the site for our planned disturbance experiment to be performed in early 2002, and the other will be the control for this experimental manipulation.  Sampling in these streams during 2001 will provide the baseline data needed to evaluate the effects of the experiment.  The third new stream is a tributary of Upper Sally Branch in training compartment D6.  This stream drains a catchment with large areas that have been highly disturbed by tracked vehicle maneuver activities.

Benthic invertebrates and their habitats were re-sampled (4 Aug-18 Sept 2000) in 6 the original 7 streams (Upper Sally Branch-F2/F3, Upper Pine Knot -K20, Lois Creek-K13, Bonham Creek tributary-D13, Bonham Creek tributary-D12/D13, Lizzy Branch-A17), using Hester-Dendy multiplate and sweep net methods. Continued monitoring of some sites has been hampered by the Summer 2000 drought. The 7th stream (Randall Creek tributary-O13S), which replaced stream O13N found to be intermittent in May itself became intermittent during August, and was abandoned.  Selection of a replacement site (for O13S) and several additional sites (new reference and high-disturbance sites) will be made in October 2000 during summer baseflow. Site selection during this period should help assure that all new sites are perennial. 

Laboratory sorting, identification, and enumeration of invertebrates collected from November 1999 and May 2000 are on-going, as are compilations of reference collections of all invertebrate taxa for each stream. Preliminary data from multiplates collected during the November-January sampling period indicates that streams were somewhat variable in invertebrate species, ranging from 3-8 EPT species per site (i.e., total number of species within the 3 most pollution-sensitive aquatic insect orders, Ephemeroptera, Plecoptera, and Trichoptera) and from 22-45 total species per site. Richness appears highest in the reference stream (Lois Creek-K13) and relatively lower in streams draining watersheds with moderate to high military disturbance, especially Bonham Creek tributary-D12/D13._ 

One new doctoral student (Kelly Maloney, M.S., Lehigh University) was added to the project. Maloney will assume the main project responsibilities of Ken Fritz.

Soil microbiology analysis (Aaron Peacock and David White, University of Tennessee Knoxville, Center for Environmental Biotechnology)
Multivariate analysis of the PLFA profiles is proceeding now on two fronts.  The first is linear discriminant analysis.  Using all PLFA’s greater than 1% of the profile a model was able to predict classifications based on land use better than 90% of the time.  Current work is exploring variable reduction and the amount of variables that are required to produce acceptable performance.   Nonlinear Artificial Neural Network analysis is also being explored.  Using a subset of the data for training, a network was developed with 61 input nodes, 7 hidden nodes, and one output node.   In order to avoid biasing the cross validation procedure, the testing subset was repeatedly harvested and the median performer selected.   In this way the best median performer decided the optimal amount of hidden nodes. This method produced a model that was able to correctly predict land usage 75% of the time.  Work is ongoing to complete and optimize these various models that will be used in the next phase of the study.


Terrestrial data analysis (Virginia Dale, ORNL)

Analysis of the 137 plant species sampled in the understory of the plots under four training intensities and one restoration set of plots continues.  The highest diversity is in the light training areas.  A significant number of species are found only in the light training and reference sites. Of the various life forms examined, geophytes seem particularly likely to sustain themselves under disturbances. These analyses are being completed so that a journal article can be prepared.

Disturbance of Soil and Organic Matter and Nitrogen Dynamics (Garten, CS-1114D-00)

Progress during the last quarter of 2000 (Oct 1 - Dec 31) was devoted to preparing for and attending SEMP related meetings.  On November 6th, Chuck Garten presented a paper at the ASA/CSSA/SSSA session on "Military Installation Land Use and Planning" entitled "Effect of Land Use on Soil Organic Carbon and Nitrogen Dynamics at Fort Benning, GA" in Minneapolis, MN.  On November 14th, Chuck Garten presented a talk at the SEMP Research Coordination Meeting in Columbus, GA, entitled "Disturbance of Soil Organic Matter and Nitrogen Dynamics:  Implications for Soil and Water Quality."  On November 30th, Chuck Garten presented a one-hour progress report during a meeting of the SEMP Technical Advisory Committee at the Hyatt Regency Crystal City in Arlington, VA, on work accomplished by ORNL Team 2 during the first year of funding.

Other progress during the last quarter of 2000 was related to planning and revising the research agenda for ORNL Team 2 in 2001.  We held informal discussions with key personnel at Fort Benning as part of the planning process.  Research tasks for ORNL Team 2 in 2001 were described in a December 19th e-mail to Hugh Westbury at Fort Benning.  We will be working closely with Hugh in early 2001 to schedule field sampling activities at Fort Benning.

Thresholds of Disturbance:  Land Management Effects on Vegetation and Nitrogen Dynamics (Collins, CS-1114E-00)

October – December.  Conducted disturbance survey within each of the 32 400 m x 400 m field sites.  The purpose of this survey was to obtain a quantitative estimate of disturbance within each site so that sites can be arrayed by disturbance intensity.  Disturbance features in the ground and canopy layers were classified by type (e.g., open canopy, bare soil) and magnitude (e.g., size of canopy opening).  

October:  Preliminary analyses of vegetation survey data to compare vegetation composition and species richness among field sites.

November:  The following presentations were made:

Westinghouse Environmental Advisory Committee of the Savannah River Site

SEMP Research Coordination Meeting in Columbus, GA

SEMP Technical Advisory Committee in Washington, DC.

Poster presentation at the annual SERDP Technical Symposium in Washington, DC.

ECMI Status
· The drilling permit was received from Fort Benning to have five groundwater wells installed during March FY01 to monitor water level only in the shallow alluvial aquifers. 12/2000

· The ECMI erosion and deposition team worked with one of the research groups to test a lazar profilometer instruments in the field that will replace traditional pin profile measurements to characterize and monitor terrestrial sediment dynamics. The technique will be implemented in March FY01. 10/2001

· Data from the meteorology stations and flow data from the hydrology stations were reduced using standard summary statistics and the data and summaries added to the data repository. Routine maintenance of the stations was completed. 10, 11, and 12/2001

· The ECMI team developed a presentation for the ASA meetings. 10/2000

· The ECMI team participated in and provided an IPR to the R&D Coordination meeting at Fort Benning and the TAC meeting in Arlington, VA. 11/2001

· Data repository was updated routinely.  Repository is on-line and may be viewed at http://206.166.205.173/ecmi_repository.  Drafts of the Functional Description and Site Administrators Manual have been completed. The final documents will be ready 2Qt FY01. 10, 11 and 12/2001

· The characterization phase of the aquatic characterization and monitoring component was executed successfully in December after delays caused by the drought. 12/2001

· Conducted follow-up coordination with Ft. Benning SEMP site coordinator. 11/2001
Anticipated Problems
Sustained drought conditions and subsequent low stream flow in the Fort Benning area are continuing to impact the full implementation of the hydrological stations of the Ft. Benning long-term monitoring plan.  These unusually dry conditions present the opportunity to document one extreme in the range of variation at the site but require modifications to the current version of the implementation plan until sustained stream flow is above 50 centimeters.

Milestones



Scheduled

Completed

MANAGEMENT ACTIVITIES

Final Report entitled, “Plans and Progress of the

Strategic Environmental Research and Development

Program (SERDP) Ecosystem Management Project

(SEMP)





12/2000

Re-Scheduled

(this milestones needs to be re-scheduled so that comments can be incorporated from the last TAC meeting, which was held in December 2000 – re-scheduled date April 2001)

TAC ACTIVITIES

Hold session of TAC to review current progress of

SEMP, review the emerging product of SEMP and

to provide input for future plans



12/2000

12/2000

COMMUNICATION AND DATA MANAGEMENT ACTIVITIES

Update SEMP information package


11/2000

11/2000

SEMP Newsletter




11/2000

11/2000

ECMI ACTIVITIES

Phase II Repository On-line



12/2000

12/2000

RESEARCH PROJECT ACTIVITIES

Determination of Indicators of Ecological Change (PI:  Debusk)

Establish experimental sites for Phase II

(sub-basin scale sampling)



12/2000

12/2000

Development of Ecological Indicator Guilds for Land Management (PI:  Krzysik/Balbach)

Selection of streams for macroinvertebrate monitoring
11/2000



Annual report of research findings


12/2000

12/2000

Disturbance of Soil Organic Matter and Nitrogen Dynamics:  Implications for Soil and Water Quality (PI:  Garten)

Participate in Fort Benning Workshop and SSSA Mtg
11/2000

11/2000

Presentation to SERDP Technical Advisory Commttee
11/2000

11/2000

Thresholds of Disturbance:  Land Management Effects on Vegetation and Nitrogen (PI:  Collins)

Install seedlings (burn 4)



12/2000

DNM

This milestone was not completed for two reasons:

· It was necessary to add the field disturbance survey to determine if sites allocated as Burn 4 encompass a similar range of disturbance intensity as sites allocated as Burn 2.  Lack of a comparable initial range of disturbance between the two burn treatments could confound the experiment. The disturbance survey was not completed in time to plant seedlings in Burn 4 sites.

· Neither oak nor pine seedlings could be located or were available in November or December, 2000.

Rescheduling the seedling planting milestone is contingent upon seedling availability and access to the field sites.  Many of the sites will be unavailable January - March, 2001.  If we can obtain seedlings and enter sites, we should be able to meet this milestone by 30 April, 2001.

Concerns

Any concerns were listed within the research project summaries.

SERDP QUARTERLY PROGRESS REPORT #2 (FY2001)

(Project CS/1114/7)
Accomplishments

MANAGEMENT ACTIVITIES

Fall Line Workshop
A Tech Transfer Workshop was held March 6 & 7, 2001 which was hosted by the Savannah River Ecology Laboratory. There were 47 invited participants, who included representatives of the Army, Air Force, Marine Corps, US Forest Service, three different DOE laboratories, and the EPA.  Following presentations on several local and regional monitoring and ecosystem management partnerships, 22 different possible topics were raised for discussion. Of these, four were selected for half-hour, rotating facilitated sessions. They were: 1) Regional Strategies, Goals, and Clustering, 2)  Issues with the Long Leaf Pine emphasis, 3) SEMP, Possible Outcomes, Incomes, and Extensions, and 4) The value of Monitoring programs. The general consensus was that regional cooperative efforts related to ecosystem management research and experimentation was a potentially valuable initiative. Follow-up activities are in the early planning stages.

Concerns
There was a possible conflict with a congressional project being conducted by Principal Investigator from the Texas Research Institute for Environmental Studies (TRIES).  His project was intended to focus on the effects on reptiles and amphibians in the Columbus-Ft. Benning Region, but on those areas within the region but outside Fort Benning. There was potential for conflict because the TRIES PI interpreted his tasks to include original collections on the installation, which was already a tasking within SEMP. Through discussions among the SEMP Project Director, the Host Site Coordinator, the ERDC technical POC and the TRIES PI, a mutually satisfactory interpretation was reached. Through it, SEMP researchers from CS-1114B-reached agreement that the two projects will share data, with SEMP providing on-site information and TRIES providing off-site data. Any necessary field access time will be coordinated through the SEMP Host Site Coordinator.

RCM-TAC Tasking
A major concern which arose from both the November Research Coordination Meeting and the December TAC meeting was the clear need to develop a uniform scale for ranking the degree of disturbance at each study site. This is necessary so that different sites maintained by different teams may more uniformly report the degree of disturbance present. Not only are the existing categories High, Moderate, and Low very broad, it became clear that they are not uniformly applied by the different teams. A committee of researchers and ERDC personnel have worked hard in this quarter to develop a scale which can be applied immediately. It will be finalized and distributed for testing in the 3rd quarter.

RESEARCH PROJECTS

[NOTE:  Each research project PI was required to submit a quarterly report to the SEMP Program Manager.  The following accomplishments were extracted from these reports.  More detailed information from these reports will be used in the FY2001 Annual Plan.  These individual reports will be posted on the SEMP Website under the individual research projects.]

Determination of Indicators of Ecological Change (DeBusk, CS-1114A-99)
The hydrology subgroup completed analysis of soil hydrologic data collected based on analysis of undisturbed soil cores and in-situ measurements using constant-head and constant-flux permeameter techniques. Measured soil hydraulic properties were compared to similar data published by the USDA-NRCS. Further analysis of the data awaits completion of soil textural analysis this summer. Monitoring of throughfall, stream flow and stream physicochemical parameters (Hydrolabs) continued within paired watersheds, representing regimes of light and heavy military use, in the lower Bonham Creek watershed (D12-13). In addition, a sedimentation study is in progress in the more heavily impacted of the 2 watersheds.

Analysis was completed for soil samples collected during December 2000 for a comparative study of soil and vegetation-based indicators in both wetland and upland regions of highly-disturbed (D-15 compartment) and minimally-disturbed (D-4) areas. Soil cores were taken at 21 points along a 400 m transect in each upland site (high and low disturbance) and at 18 points along 3 transects across each wetland site. The transect-based sampling layout facilitates both comparison of indicator response in high and low disturbance areas and, simultaneously, an evaluation of local, within-site variability. The soil characteristics and properties being evaluated for this study are total C, N and P, pH, organic matter, exchangeable NH4+, potentially mineralizable N, microbial biomass C and N, soil respiration, Mehlich 1 and 3 extractable P, HCl and ammonium oxalate extractable P, Fe and Al, and microbial enzyme activity (acid phosphatase, beta glucosidase and dehydrogenase). A survey of understory vegetation, including cover and species composition, will be conducted at the same sites during early summer. Initial analysis of soil data from the transect sampling reveals not only differences between high- and low-disturbance sites, but also significant within-site spatial trends for certain soil microbial and chemical parameters, apparently in response to local gradients of military impact (high disturbance site) and land management (low disturbance site). Similar transect-based sampling of soil and vegetation is planned for additional sites to verify the results of this preliminary study.
Development of Ecological Indicator Guilds for Land Management (Krzysik, CS-1114B-99)
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. 

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 in more detail in the 2nd quarter report from CS-1114B-99, and this report can be found on the SEMP website.  
Indicators of Ecological Change (Dale, CS-1114C-99)
Presentations during this quarter:

· Virginia Dale attended the Fall Line Workshop on March 6-7, 2001 in Aiken, S.C. and gave on talk on “Lessons for Ecosystem Management.”

· Virginia Dale attended a workshop on “Climate Change and Species Survival: Implications for Conservation Strategies” on February 19-21, 2001 at the headquarters of The World Conservation Union (IUCN) in Gland, Switzerland. She gave a presentation on the “Use of indicators.”
Establishment of experiment to aid interpretation of indicators (Virginia Dale and Pat Mulholland, ORNL)

We spent one afternoon in the field with Hugh Westbury and Pete Swiderek selecting and mark the field sites for the experiment that will be conducted as part of the project. The experiment will examine how military training and, possibly, other land management activities affect proposed indicators and the processes associated with them.  The field experiment will consist of two major treatment types that will be applied at different levels and will have controls.  In both cases, data will be collected prior to the application of the treatments, as well as subsequently.  The indicator information will be collected relative to concerns dealing with understory vegetation, aquatic chemistry, and soil microorganisms. In addition, we have an agreement with Chuck Garten that his team will analyze the soil collections for carbon content.  The details of the site selection are including in a progress report delivered to SEMP in January 2001.
Microbiology studies (Aaron Peacock and David White, University of Tennessee Knoxville, Center for Environmental Biotechnology)

When an artificial neural network of PLFA data was used to predict the status of the remediated transects at Fort Benning all but two of the 10 samples were classified as either reference or heavy traffic.  This was odd given how well the model had performed with the training and cross-validation data.  Inspection of the novelty indexes from the prediction outputs showed that the input vectors from the remediated transects were very different from the data used to train the ANN.  This leads us to speculate that as a soil is remediated it does not escalate through states of succession in the same way it descended by disturbance.  In other words there is not a sliding scale on which the soil ecosystem recovery can be measured, but that after disturbance a new path to community succession is taken.

Stream studies indicators (Patrick Mulholland, ORNL, and Jack Feminella, Auburn University)
Chemistry and metabolism.  The studies of stream water chemistry have continued.  Samples were collected during several storms in 6 streams (Lois Creek, three streams in the K11 area which will be used for the disturbance experiment, Upper Sally Creek in the F2 area, and a tributary of Upper Sally Creek in the D6 area) over the period from December 2000 through March 2001.  These samples will be analyzed for conductivity, suspended sediments, chloride, sulfate, ammonium, nitrate, and phosphate concentrations during the coming months.  Diurnal patterns in dissolved oxygen concentration were also determined for these streams during March 2001. 

Analysis of the storm chemistry data for sampling during 2000 has continued.  Suspended sediment concentrations increase much more sharply during storms in disturbed streams than in reference streams.  A plot of the maximum increase in suspended sediment concentration per unit fractional increase in discharge shows considerable variation among disturbed streams and between storms at most of the disturbed streams (Fig. 1).  Based on a qualitative disturbance ranking (low, medium, high), storm increases in suspended sediment concentrations appear to be related to disturbance severity.      

Macroinvertebrates.  Collection of the Hester-Dendy multiplate samplers for the Winter 2001 sampling period was conducted on 23, 24, and 29 January 2001 in compartments D12/13, K11E, K11W, K13, K20, F2/3, and D4.   Deployment of Spring 2001 multiplate samplers in the above streams was conducted on 19 March 2001 and will be retrieved in mid-May 2001.  Water samples for nutrient and ion analyses also were collected during each deployment and retrieval of benthic samplers.  Stream crest gauges were deployed at each site during the Winter 2001 collection period, and will be used over the remainder of the study to estimate peak discharge during each sampling interval, and stream-specific flow variability. These data may be important in explaining some of variation in benthic community diversity and abundance not accounted for by land management. 

Macroinvertebrates from the sampling period of 11-12 January 2000 have been identified and enumerated, and data files have been compiled into an Access database.   In addition, all multiplate samples from the May 2000 period have been identified and enumerated for each stream. 

Understory vegetation indicators (Virginia Dale, ORNL)

The study was designed based on a subjective stratified sampling methodology.  The study was blocked into five training intensity categories: Minimal, Light, Moderate, Heavy, and Remediation. The classification of each site was primarily based on historical records of training activity, however, due to the variability of training intensity within a training compartment, final site selection was achieved through personal communications with natural resource personnel and field reconnaissance. Box plots of depth of A horizon reveals that there are significant differences among the categories with the light and reference plots have the greatest depths. 

A total of 137 individual understory species were identified. A significant number of species are found only in the reference and light training intensity sties, however there are few species that occur only in the heavy training intensity sites. A dendrogram that groups the plots based on the presence of species shows that the species do distinguish the training intensities. The remediated plots fall closest to the light and reference plots. Multivariate analyses of these data are continuing. 

Disturbance of Soil and Organic Matter and Nitrogen Dynamics (Garten, CS-1114D-00)
Progress during the first quarter of 2001 (Jan 1 - Mar 31) was mostly devoted to preparing a technical report and a brief manuscript for publication based on the first year's work by ORNL Team 2 at Fort Benning.  A draft manuscript was written that summarized an analysis of changes in soil quality along disturbance gradients originally established by ORNL Team 1 (Dale and Mulholland).  The manuscript is still in preparation and when completed it will be submitted for publication to Ecological Indicators following technical reviews at ORNL and Fort Benning.  The longer technical report is also still in preparation and will include an analysis of soil carbon and nitrogen under different land use/land cover categories at Fort Benning completed as a result of soil sampling in 2000.

Plans are also being made for a spring 2001 sampling campaign by ORNL Team 2 at Fort Benning.  Chuck Garten and Tom Ashwood visited Fort Benning on March 26-28 to discuss site selection for the 2001 sampling effort with Hugh Westbury and Natural Resources Management staff at the Fort Benning.  Plans for spring soil sampling are evolving to include several tasks.  The first task is a more detailed assessment of changes in soil quality along disturbance gradients located in the vicinity of Underwood Road.  This area is a candidate for major, multi-year NRCS restoration efforts.  The second task is an examination of the recovery of soil organic matter and nitrogen availability in previously barren areas that have been restored by NRCS to grass cover in 1999 and 2000.  The third task involves sampling 1-, 6-, and 11-year old sites where forestry management practices were implemented in response to pine beetle outbreaks.  As a final task, ORNL Team 1's experimental area in training compartment K11 will be visited for preliminary soil sampling.  These sampling activities are consistent with ORNL Team 2's objectives for the second year of work in SEMP.  An analysis of changes in soil organic matter and nitrogen along gradients of soil disturbance and recovery will enable ORNL Team 2 to more fully evaluate disturbance threshold concepts.
Thresholds of Disturbance:  Land Management Effects on Vegetation and Nitrogen Dynamics (Collins, CS-1114E-00)
During the second quarter, from January through March, 2001, progress on our project consisted of 1) final research site selection based on baseline vegetation, soil texture, and disturbance surveys; 2) purchasing or fabricating and deploying environmental and biotic monitoring equipment; and 3) completing the December, 2000, milestone by planting seedlings in 2 yr burn sites.  

Results of the vegetation, disturbance, and soil texture surveys indicated that three of the 32 sites selected in spring, 2000, were put into the wrong soil texture (sandy vs. clayey) or military disturbance (lighter vs. heavier) category, or had vegetation that was different from all other sites.  We have identified three "replacement" sites, and are currently conducting baseline surveys and consulting with installation managers to determine if these new sites are compatible with our experimental design.

Environmental and monitoring equipment was purchased or fabricated and is currently being deployed in the research sites.  Miniature temperature sensors/dataloggers were purchased for soil and air temperature; rain gauges and lysimeter pots are being fabricated.  Litter traps have been fabricated and deployed in most sites.  Finally, seedlings, obtained from USFS - Savannah River Station, were planted in 4 yr burn sites.

ECMI Status
· A drilling permit was received in December 2000 from Fort Benning to have five groundwater wells installed during late March early April timeframe FY01 to monitor water levels in the shallow alluvial aquifers.  The well locations were sited in March and will be drilled in mid-April. 03/2001

· The ECMI erosion/deposition team initiated work in March and April to establish the soil erosion study sites.  This included site selection, baseline construction, a GPS network, and the initial measurements of ground surface profiles with a state-of-the-art laser tracking system. A significant component of this effort was the development of a high precision horizontal and vertical GPS control network covering Fort Benning. This product will be available for anyone needing accurate X, Y, and Z coordinates on the Installation. Initial data analysis has begun for the erosion monitoring and will be completed in the 4QTR as described below under data analysis and modeling. 03/2001

· Data from the meteorology stations were reduced using standard summary statistics and the data and summaries will be added to the data repository during 3QTR. Routine maintenance of the stations was completed. 01, 02, and 03/2001

· The characterization phase of the aquatic characterization and monitoring component was executed successfully in December. Initial results were developed in January and were included in the 2000 Annual report. 02/2001

· Follow-up coordination was conducted with the Ft. Benning SEMP site coordinator, CPT. McLean-Burrell of the Battle Lab, and Natural Resources Branch personnel to develop an agreement to provide access to the ECMI meteorology stations and data twice daily at 0800 and 1200 hours to facilitate the controlled burning program.  In addition, two of the 10 met stations are proposed to be hard-wired and tied directly into the Battle Lab network for their needs as well as continuing support to SEMP/ECMI and Fort Benning personnel. 03/2001

· Additional planning was conducted with personnel form the Natural Resources Branch at Fort Benning to coordinate with the Forest Inventory procedure followed by Fort Benning staff so that woody productivity can be derived from the data for ECMI purposes.  The process is scheduled to begin this summer with the implementation of Fort Benning’s revised Forest Inventory protocol. 03/2001

· Phase I of the data analysis and modeling concept task was completed in March 01. Standard data summaries of the meteorological data were completed for the period of August 1999 through February 2001. These data summaries and statistics will be added to the data repository during 3QTR.  Detailed (10 meter resolution) digital elevation models including slope and aspect were completed for Sally Branch and Bonham Creek watersheds to facilitate the implementation of the soil erosion/deposition protocol. Microtopography surveys of the measured ground profiles have been completed for some of the erosion/deposition study sites (see Field Test of S-Tracker System, October 2000). These data will be added to the repository in the 3QTR.  The detailed digital elevation models and microtopography surveys are the initial data necessary to parameterize the conceptual versions of the CASC2D, EDYS, and TUDM models (FY01 milestone). Dr. Jeff Fehmi, CERL PI, will collaborate with us on a significant effort in the data analysis and modeling component, Phase II, starting in 3QTR 01.

Anticipated Problems
1) Sustained drought conditions and subsequent low stream flow in the Fort Benning area are continuing to impact the full implementation of the hydrological stations of the Ft. Benning long-term monitoring plan.  Although recent rains have brought stream flow up temporarily, it remains to be seen if the stream flow will be sustained. The past two years of unusually dry conditions present the opportunity to document one extreme in the range of variation at the site but require modifications to the current version of the implementation plan until sustained stream flow depth is above 50 centimeters.  Hugh Westbury is working with us and personnel from the NRMB to determine their needs regarding a desire to monitor flow and water quality at stream sites in addition to those supported by ECMI as well as the possibility that we may need to deploy full hydro stations on sites at larger streams only and use mobile stations on sites at streams where it is unlikely there will be sustained flow of 50 cm depth or more on a year long basis.  We will be working this important concern during 3QTR. 

Data Repository
· The ECMI Data Repository Team developed a fact sheet for the ECMI repository and completed the satellite based land cover map of Fort Benning. 03/2001

· Data repository was updated routinely.  The repository is on-line and may be viewed at http://206.166.205.173/ecmi_repository.  Drafts of the Functional Description and Site Administrators Manual have been completed. The final documents were completed and added to the repository during 2QTR FY01. 03/2001 

· The ECMI repository team (Rose Kress and Marilyn Ruiz) conducted a detailed evaluation of the repository with recommendations to meet additional needs. 01, 02, and 03/2001
· A report covering this evaluation was provided to the SEMP Project Manager in March 2001.
Milestones



Scheduled

Completed

MANAGEMENT ACTIVITIES

Host “Along the Fall Line” Workshop


03/2001

03/2001

ECMI ACTIVITIES

Phase I Analysis and Modeling Concept


03/2001

03/2001

RESEARCH PROJECT ACTIVITIES

Development of Ecological Indicator Guilds for Land Management (PI:  Krzysik/Balbach)

Assessment of vertebrates for ecological indicators
03/2001

03/2001

CS-1114C-99 – Indicators of Ecological Change (PI:  Dale)

Field Experiment Plan




01/2001

01/2001

Analysis of Key Understory Elements as Indicators

   of Military Disturbance



02/2001

02/2001

Thresholds of Disturbance:  Land Management Effects on Vegetation and Nitrogen (PI:  Collins)

Deploy 15N litter




03/2001

03/2001

Lysimeter pots have been constructed and leaf litter obtained from greenhouse-grown boxelder (Acer negundo) spiked with 15N labeled NO3-NH4 fertilizer.  Leaf litter is currently being analyzed to determine its initial 15N:14N ratio, and a pilot project is being established in the field to examine litter decomposition in lysimeter pots.

Concerns

Any concerns were listed within the research project summaries.

SERDP QUARTERLY PROGRESS REPORT #3 (FY2001)

(Project CS/1114/7)
Accomplishments

MANAGEMENT ACTIVITIES

Presentations

· At the IPR in April 2001, the SEMP Director presented information on the overall progress of SEMP as well as highlights of the individual research projects within SEMP. Several questions arose which were related to interpretation of graphic and tabular information which had originally been prepared by the lead Principal Investigators of the projects. Clarification was requested for several of these, and was provided later. The issue of utilization of a common standard for rating site disturbance was raised again, and a strong statement of the need to place all sites on a common rating scale was reiterated. A process for developing a standard had been operating since January, and in May a draft standard was distributed to the research teams for evaluation.
· At the SAB meeting in June 2001, the SEMP director presented the overall progress of the project, and Drs. Virginia Dale and Beverly Collins provided detailed progress reports on their research projects. The 2002 budget request was approved. Many questions were received from SAB members interested in the research projects and their preliminary results. One suggestion was also made that SEMP be cautious about trying to base guidance on a short time frame of field data, since the results might not be representative of the true normal conditions. The SERDP director noted that SEMP data were being acquired for at least a ten-year period, so this type of error would be minimized.
Update of Marketing Material
In April, Teresa Aden worked with all research team leads to update the SEMP fact sheets.  Working with the data repository team (Dave Price and Elizabeth Lord), a new fact sheet for the data repository was also developed.  All these fact sheets are given to audiences when SEMP is briefed and can be found on our website at http://www.denix.osd.mil/SEMP 

Preparation for July TAC Meeting
Preparation was made for the July 2001 TAC meeting.  Dr. Balbach worked with all participants to put together a draft agenda, as well as work with staff to make hotel, meeting room and travel arrangements.   More details on this meeting will be in the 4th quarter report.

Provide a Consistent Definition of High/Medium/Low Levels of Disturbance
The following simplified technique was prepared by a team of SEMP and ERDC researchers between Jan-Apr 2001.  It was sent to the research teams on 18 May 01 for testing and other responses.  Trials are still underway.

Simplified Measure of Plot (site) Disturbance

Identify a simple, repeatable means to classify disturbance on SEMP research sites.  Methods should not significantly increase the amount of time needed to complete site data collection.  The following protocols incorporate most of the comments/concerns provided by SEMP researchers.  In addition, variables; such as the vegetation classifiers, were included as an extension of the “Site Information” sheet provided by Dr. Kress at the beginning of the SEMP effort.  These additional variables would add minimal time to plot measurement and provide information for remote sensing and other analysis

1. Disturbance Measure:

Easy to implement methods based on quadrants and line transects.  Yearly measurements are suggested to track trends in disturbance. Disturbance plot layout serves as the basis for vegetation, fire and additional measurements.

· Measures of disturbance:  Suggested measures of disturbance include:  Bare Ground, Plant Cover, Tracked Military Disturbance, Foot Traffic, Other Military (digging etc.), Trail/Non-Maintained Road.

· Allowing for several classifications of disturbance allows for options during data analysis.  Collecting any one specific measure may not fully account for disturbance; for example “Bare Ground” may be the result of disturbance but factors such as recovery rate and plant community type effect interpretation.  Additional variables can be collected with minimal time expended.



· Methods:   Two 100 meter transects are placed bisecting (50 meter mark) at plot center.  Plot center for transect plots would be the mid-point of the plot.  The first is stretched North to South, the second East to West.  Measurements are taken at the 0,25,50,75, and 100 meter marks (9 total).  Measurements are an ocular estimate of cover class of the variable of choice using a 10 x 10 meter quadrant centered over the appropriate point.  
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· If 100 meter transects do not extend far enough from plot boundaries to capture disturbance adequately, standard transect length can be lengthened and more quadrants added.

· Use of cover classes allows for repeatability of measure between different observers (Bonham, 1989), is relatively quick, and requires minimal training.   A possible scale for the cover classes is a modified Daubenmire Cover Scale (Daubenmire, 1959).  The scale has been modified from the original by breaking the first class (1) class (0-5%) into a “0” and a 1-5%” class, allowing for documenting no disturbance present.  Analysis is performed on class midpoints.  Additionally cover is used to represent the variable of interest (i.e. percent coverage of bare ground), which is a non-traditional use of the system.


Disturbance Cover Class

Range of Cover (%)
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Note: Edge effect consideration must be considered in plot placement.

Host Site Visits by SEMP Project Manager
The SEMP Director visited Fort Benning in May and June of 2001.  During both of these visits, the director had a chance to meet with individual research teams and visit some of their field sites.  

· During the May meeting, the director had the opportunity to visit with John Brent to discuss many SEMP issues involving the installation.  He also had the chance to follow-up on the recommendation that SEMP develop historic data layers, based on aerial photography.  He was able to meet with the personnel from the TEC, who is working on this project.

· During the June meeting, the director worked with the Host Site Coordinator on getting a location for the November Research Coordination Meeting and TAC Meeting.  

RESEARCH PROJECTS

[NOTE:  Each research project PI was required to submit a quarterly report to the SEMP Program Manager.  The following accomplishments were extracted from these reports.  More detailed information from these reports will be used in the FY2001 Annual Plan.  These individual reports will be posted on the SEMP Website under the individual research projects.]

Determination of Indicators of Ecological Change (DeBusk, CS-1114A-99)
Watershed hydrology

· A new site for the stream flow measurement was established in a Randall Creek tributary (O3). A staff gage and a pressure transducer was installed for the stage measurement. The stage measurements in Bonham-1 (D13), and Bonham-2 (D12) Creeks continued. A new tipping bucket rain gage was installed in Bonham-1 watershed to capture the rainfall.
· The vegetation types in the Bonham watersheds were categorized into five different groups: wetland, pine plantation, hard wood, mixed, and pine for throughfall study. The spatially distributed model hydrological input model development was continued. Throughfall collectors and tipping bucket rain gages were installed in specified plots in each of the vegetation types. Severe problems with all gages in the field during the D13 burn in January caused significant data loss during the observation period. Although the gages initially appeared to be undamaged, subsequent usage proved otherwise. In total, approximately 10 tipping buckets gages valued at $1,000 were damaged. 
· The stage data collected from January 2000 to June 2001 from Bonham-1 and Bonham-2 Creeks were evaluated and organized. The rating curves for both creeks were developed and evaluated from discharge measurements. Excellent rating curve results were found for Bonham-1. Channel instability due to sediment generation resulted in a good rating curve for Bonham-2. Future measurements should improve the rating curve.
· Hydrologic modeling efforts during the period demonstrated that the runoff generation mechanism is not overland flow. Future efforts will focus on non-Hortonian transport of water, sediment and nutrients. The development of input data from Ft. Benning watersheds for input to the TOPMODEL is continuing. The model parameters needed to run TOPMODEL in DOS platform were calculated. The model was run for the Bonham-1 watershed. The data used were topographic index values, rainfall, discharge, and ET values. The output requires further analysis. 

Soil hydrologic properties

· Continued determination of soil-water characteristic curves & saturated hydraulic conductivity values using undisturbed soil cores collected at Ft Benning. Measured soil-water characteristic curves were fitted to published (Van Genuchten) functions, and the values of model parameters were estimated. These parameter values and the saturated conductivity values will be correlated to soil particle size distribution data. 
· Used the soil hydrologic data available to date for the Bonham-1 sub-watershed (D13) to evaluate the likely pathways, rates & contributing areas for water delivery to the streams during storm events. It is hypothesized that (1) the areas covered by low-permeability soils within the riparian zones are the most likely contributing areas for rapid-response stormflow in the Bonham-1 creek; (2) Dunn-like flow in these areas may be the major process for runoff; (3) Contribution from upland areas is most likely due to rapid flow along preferential flow channels created by roads; and (4) In the upland areas, hillslope seepage may also contribute to stormflow response. 

· Initiated acquisition and evaluation of simulation models for predicting rainfall-runoff relations in Ft Benning watersheds; so far TOP model has been examined in collaboration with Dr. Jim Jawitz at the University of Illinois-Chicago. Other models being considered are CASC2D for WMS, and SWAT. Developers of all three models have been contacted to initiate a dialog to learn more about the models and having access to them. 

· Designed and conducted an exploratory soil sampling campaign to characterize the sediment deposition areas resulting from the mechanized training activities at Cannons area (D15) and Rowan Hill area (D12). Physical and chemical analysis of these soils will be conducted during the summer, and a second, more extensive, sampling campaign is planned for mid-July. 

· Also completed an exploratory campaign of measuring soil-water storage up to 60-cm depth within the Bonham-1 sub-watershed using the Theta meter borrowed from Dr. Jennifer Jacobs (UF).  This is a prelude to other periodic sampling campaigns during Summer and Fall, where seasonal changes in soil-water storage will be measured 

Vegetation

Multivariate methods including exploratory techniques such as ordination (DECORANA) and cluster analysis (TWINSPAN) and explanatory techniques using a combination of ordination and regression (CANOCO) are being used to analyze the relationship between vegetation and environmental variables measured (soil variables and disturbance regimes).  Results of this analysis will be used to determine a sampling regime for Phase II.  Also, site selection for a chronosequence study to determine the long-term responses of ground cover species composition and diversity to soil disturbance associated with forestry practices will be completed this summer.  Vegetation and soil sampling in association with these sites will be completed in the fall. 

Soil Biogeochemistry

Additional soil and vegetation monitoring transects were established at 4 upland and 3 wetland sites in D12, D13 and O3 during June 2001. The upland transects, all of which are underlain by Troup loamy fine sands, were 200 m total length, and were sampled for soil biogeochemical characterization at 20 m intervals. Each soil sample consisted of a composite of five 20-cm deep subsamples taken by 1-inch diameter soil probe within a 1 m2 quadrant. Riparian wetland transects, 80 m in length, were located on either side of the stream (paired transects) and sampled at 20 m intervals. Wetland soils were sampled to a depth of 5 cm, using a 6.5-cm diameter polycarbonate corer. Each sample represented a composite of three subsamples taken within a 1 m2 quadrant.

Upland transects were sampled in areas of high military disturbance (Rowan Hill – D12), low disturbance (D13), and planted pines (2 stands in O3 – ca. 5 years and 12 years). Wetland transects were sampled in watersheds with low (D13) and moderate military impact (D12), and a watershed dominated by managed timber land. Soils sampled along the upland and wetland transects are being analyzed for total and extractable nutrients and microbial activity. Vegetation surveys will be conducted (D. Miller, G. Tanner) later in the summer and fall along all transects.

Soil Microbial Enzyme Assays

Phase I Results:  Of the four extra-cellular soil enzymes assayed, acid phosphatase (AP), β-glucosidase (BG), and dehydrogenase (DH) showed a trend from higher activities in low impact areas to lower activities in severe impact areas. Protease did not show a consistent trend. Mean activity for low, moderate, and severe impact sites were significantly different at p=0.1 for AP, and at p=0.05 for BG and DH. This trend is consistent with total carbon (TC), total phosphorus (TP), and CO2 production in these samples. 

 

Comparison of enzyme activities from all elevations (upland, slope, and bottomland) by Disturbance Type indicates significant differences (p=0.05) between AP activities in sedimentation-impacted areas and areas with visible burn marks (burned within 2 to 5 years).  Activities in areas with no evident impact were also significantly different from burned (p=0.05). AP levels in upland areas compared by disturbance type show significant differences at p=0.01 for unimpacted versus burned and tracked vehicle impacted areas. Dehydrogenase levels from all elevations show the same general trend as AP, with significant differences between areas of sedimentation and areas with burn marks, tracked vehicle trails, and vegetation clearing (p=0.1). Protease activity did not reveal clear differences or trends.

Phase II Results:  Some of the major impacts resulting from military activity have been the loss of soil structure and organic carbon in soils; thus, enzymes associated with microbial activity and particularly carbon metabolism would be expected to be lower in these areas. All of the extracellular enzymes show a trend of lower activity in high impact versus low impact areas. Enzyme activities may be more informative of other types of disturbance (e.g. nutrient impacts secondary to erosion or management practices) if they are normalized to organic carbon levels in the soil. ANOVA analysis of AP activity levels indicate that 87% of variance can be explained by TP and Water Extractable Carbon (WEC) levels, and 92% of variance by TP, TC, and Potentially Mineralizable Nitrogen (PMN).
Development of Ecological Indicator Guilds for Land Management (Krzysik, CS-1114B-99)

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.

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.

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.

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. 

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.

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.
Indicators of Ecological Change (Dale, CS-1114C-99)
Presentations during this quarter:

· Dale, V.H. Virginia Polytechnic Institute, Blacksburg, Virginia, April 2001

· Dale, V.H. University of Illinois in Chicago, April 2001

· Dale, V.H. SERDP SAB, Washington, DC, June 2001

· Dale, V.H. SEMP Technical Advisory Committee, July 2001

· Olsen, Lisa M., Virginia Dale, and Thomas Foster. Landscape Patterns as Indicators of Ecological Change at Fort Benning, GA. ESRI User Conference, July 9-13, 2001, San Diego, CA.
Publications:

· Dale, V.H and Beyeler, S.C. In press. Challenges in the development and use of ecological indicators. Ecological Indicators, vol. 1.

· Dale, V.H. In press. Science and decision-making. (R. Costanza, ed.) EcoSummit. Elsevier, The Netherlands.

· Olsen, Lisa M., Dale, V.H., and Foster, T. 2001 Landscape Patterns as Indicators of Ecological Change at Fort Benning, GA. Proceedings of ESRI User Conference, July 9-13, 2001, San Diego, CA.

· Schiller, A., C. T. Hunsaker, M. A. Kane, A. K. Wolfe, V. H. Dale, G. W. Suter, C. S. Russell, G. Pion, M. H. Jensen, and V. C. Konar. 2001. Communicating ecological indicators to decision makers and the public. Conservation Ecology 5(1)19. [online] URLhttp//www.consecol.org/vol5/iss1/art19


Landscape patterns as indicators of ecological change (Lisa Olsen and Virginia Dale, ORNL, Thomas Foster, Pennsylvania State University)

This research identifies indicators that signal ecological change in intensely and lightly used lands at Fort Benning, GA.  Changes in fragmentation through time affect the biological integrity of terrestrial systems.  Landscape patterns, therefore, are important indicators of the intensity of military use being enough to jeopardize ecological resources or areas at risk on military installations.  The steps involved in landscape characterization include creation of a land-cover database, computation of landscape metrics, and evaluation of changes in those metrics over time.  Identification of ecological indicators is an important component of building an effective environmental monitoring system.

Historical land survey maps and field notes from the early 1800s were used to create a digital GIS model of the forests covering the Fort Benning area. Although Native Americans had been living in the area for thousands of years, the 1827 model is a reasonable representation of the forests in an early western agricultural environment.  As such, the map provides baseline conditions for the area currently occupied by the installation.

Several sources of remotely sensed data were used to create land cover maps dating back to the 1970s.  A combination of ARC INFO 7.2.1(, GRID(, ArcView 3.2(, and ERDAS IMAGINE 8.2( software was used to derive land cover from satellite imagery.  Two Landsat 7 Enhanced Thematic Mapper (ETM) images dated July 24, 1999 were used to create a current land cover map of Fort Benning.  The data were acquired from a commercial source and had already been projected and mosaicked using nearest neighbor resampling.  Unsupervised classification, which creates a user-defined number of classes based upon spectral response, was utilized to create 45 spectral classes from the imagery.  These 45 classes were then combined into six land cover classes using a 0.5 meter resolution digital color orthophoto (1999) and Land Cover Trend Analysis (LCTA) point data (1991) as reference data.  The six classes include: water, pine forest, mixed forest (deciduous and pine, areas of sparse forest cover, or areas of transition between forest and non-forest), deciduous forest, non-forest  (cleared of forest vegetation but does have some ground cover, may include grassy and transitional), and barren/developed.  Some confusion between vegetation and water classes required the creation and application of a water mask in GRID using coincident pixels from the classified imagery and a coverage of lakes and double-lined streams.  

To eliminate the presence of clouds and shadows, which were classified as barren/developed, the cloud and shadow areas were digitized in IMAGINE and then overlaid with the orthophoto in ArcView.  New shapes that more accurately reflected the nature of the vegetation in these cloud-affected areas were digitized on-screen.  These polygons were coded with a vegetation type according to interpretations drawn from the orthophoto.  The resulting shapefile was plotted with the classified image and adjusted to maintain continuity and blend with neighboring pixels.  In ARC INFO, a grid was created from the cloud affected area shapefile and  Imagegrid was used to convert the classified image into a grid. Values from the cloud/shadow grid were used to mask the cloud-affected areas of the classified grid.  LCTA data was used to evaluate the classes.  Results varied due to inconsistencies in scale, definitions of cover types, and the sampling dates of the field data.  The ability of this classification to differentiate between forest classes is questionable.   Errors of omission in the pine and deciduous classes and of commission in the mixed classes are expected.  Specifically, the “mixed forest” class may contain pixels of deciduous forest and pine forest resulting in an underestimation of these classes.   Appropriate data were not available to perform a rigorous accuracy assessment.  A high level of uncertainty is associated with the classification.  The goal of this project, however, is to develop a cost and time effective tool for land managers at military installations, and not to create a map product. 

The North American Landscape Characterization (NALC) data were also used in this analysis.  The NALC project is a component of the National Aeronautics and Space Administration (NASA) Landsat Pathfinder Program.  The data are largely derived from Landsat Multispectral Scanner (MSS) imagery and were ordered from the Earth Resources Observation Systems (EROS) Data Center.  The NALC data set covering the Fort Benning area is composed of two scenes of triplicates dated 1974, 1983/86, and 1991.  The two scenes had to be mosaicked in IMAGINE( before the classification process could begin.  The nearest neighbor algorithm was used for all resampling.  The resolution of these data are 60m, and the spectral characteristics of the series vary considerably from year to year.  The ability of the classification to differentiate between forest classes varies within the time series.  Changes in the size of the “mixed forest” class may be more indicative of improvements in the collection (sensors) and processing of the satellite data than of actual changes in forest composition.  The same classification techniques described in the previous section were used.  The 1991 image was classified first, and was then used as a “reference base” for the earlier images.  Appropriate reference data were not readily available for dates earlier than 1990. 

Analyses of these data show that Fort Benning has experienced a gradual decrease in forest populations coupled with an increase in non-forest vegetation.  The percentage of non-forest vegetation found on steep slopes (greater than 3%) is also on the rise.  Areas of pine forest appear to be increasing, although the magnitude of this increase may be underestimated due to the misclassification of pine pixels into the mixed forest class.  Areas of deciduous forest appear to be decreasing, however, caution must be exercised in interpreting these results due to uncertainty associated with the  “mixed forest” class.  The statistical significance of these numbers is related to uncertainty associated with the land cover classifications. 

Indicators of fragmentation will be examined to understand land cover changes at the landscape level.  Candidate landscape metrics that describe a diversity of land use types and how they may affect land management activities have been selected for analysis. Examples of landscape characteristics that are typically important include: edge density, contagion, mean nearest neighbor distance, mean proximity index, and perimeter area fractal dimension.  These metrics largely describe the size, shape, and distribution of relatively homogenous “patches” of vegetation or land cover.  Together, these metrics cover a diversity of features describing landscape patterns that can relate to how changes in fragmentation affect the biological integrity of terrestrial systems.

Microbiology studies (Aaron Peacock and David White, University of Tennessee Knoxville, Center for Environmental Biotechnology)

Manuscript submitted for review: Peacock, A. D., S. J. MacNaughton, J. M. Cantu, V. H. Dale and D. C. White.  Soil microbial biomass and community composition along an anthropogenic disturbance gradient within a longleaf pine habitat. Ecological Indicators

Vegetation studies (Virginia Dale, ORNL)

Manuscript submitted for review: Dale, V.H. , Beyeler, S.C., and Jackson, B. Vegetative indicators of anthropogenic disturbance in longleaf pine forests. Ecological Indicators.

Stream studies of indicators (Patrick Mulholland, ORNL, and Jack Feminella, Auburn 

University)

Landscape analysis for stream studies. Characterization of land use patterns for the study watersheds has been initiated using GIS coverages, which were based from USGS digital orthophotos and Fort Benning Digital Elevation Models (DEMs), and downloaded from the ECMI Data Repository. GPS points taken during stream sampler deployment were used to geo-reference study sites, and coverages are being overlayed on site watershed boundaries with ArcView. ECMI coverages include soil, stream networks, forest cover and bare ground, geology, wildlife and prescribed burning (1998 and 1999), and roads.  Derived coverages will include quantification of riparian zones, stream-road crossings, stream aspect and topography. Taken together, these data will provide the basis for establishment of a disturbance gradient, which will allow assessment of relationships between disturbance severity and stream biotic indices.

Chemistry and metabolism.  Analysis of stream water chemistry samples collected during January through March 2001 has continued.  Stream suspended sediment concentrations during storms appear to be a good indicator of disturbance effect, with greater increases in suspended sediments occurring in the most disturbed catchments.  Analysis of storm nutrient concentrations has provided mixed results.  In some disturbed catchments, stream nitrate concentrations increase sharply during storms, whereas in other disturbed catchments there is little if any increase in nitrate concentration, a pattern also observed in reference catchments.  

Analysis of diurnal patterns in dissolved oxygen concentration for measurements made during February and March 2001 has been completed.  These data have been combined with data collected during the same months in 2000 for different streams and show that diurnal change in stream dissolved oxygen concentrations may be a useful indicator of disturbance effects.  Our preliminary analysis shows that diurnal changes in dissolved oxygen during late winter decline with increasing disturbance severity, indicating a reduction in primary productivity in streams with disturbance.

Macroinvertebrate field sampling and sample processing.  Retrieval of Hester-Dendy (HD) samplers for the Spring 2001 sampling period was conducted on 6 & 9 May 2001.  Samplers for the Summer 2001 sampling period are scheduled for deployment on 1 August 2001. To date, macroinvertebrates from Winter and Spring 2000 and HD samples from Summer 2000 have been identified, enumerated, and compiled into an Access database. Numbers of total invertebrate species and species with Ephemeroptera, Plecoptera, and Trichoptera (EPT richness) were not generally indicative of disturbance across seasons within the study watersheds. However, abundance of focal populations (i.e., numbers of sediment-tolerant chironomid midges in the genera Lopescladius and Rheosmittia) were higher in disturbed streams, and thus appears to be a useful indicator of sediment disturbance.
Disturbance of Soil and Organic Matter and Nitrogen Dynamics (Garten, CS-1114D-00)
ORNL Team 2 made a trip to Fort Benning during the week of 30 April - 04 May 2001 for field work.  The field trip had three objectives:  (1) preliminary soil sampling at K11 Experimental Disturbance Site, (2) additional soil sampling along existing disturbance gradients and at sites where NRCS restoration activities are underway, and (3) soil sampling at sites harvested to control southern pine beetle damage.

On April 30th, ORNL Team 2 sampled soils at both the proposed low intensity and high intensity experimental areas in compartment K11.  Two transects were placed perpendicular to the streams that bisect each experimental area.  Soils were collected to a 40-cm depth at four near-stream and upslope locations on each transect.  Organic horizons above the mineral soil were also sampled.  Photographs and GPS coordinates were taken at each sampling location.  The preliminary soil samples will be used to determine variability in measures of soil quality at the K11 Experimental Disturbance Site.  Estimates of variability are needed to design more intensive pre-treatment soil sampling at the experimental site and to determine the number of pre-treatment samples required to detect changes in soil quality as a result of planned heavy vehicle traffic.  Additional pre-treatment soil sampling by ORNL Team 2 (scheduled for October 2001) will be used to define the baseline for soil quality prior to experimental disturbance.

On May 1st, ORNL Team 2 sampled soils along disturbance gradients in the vicinity of Underwood Road and Box Springs Road.  Two control sites (i.e., forested areas), 2 medium-use sites, and 2 heavy-use site were identified for the purpose of verifying changes in soil quality with varying degrees of disturbance by heavy vehicle traffic.  Additional soil sampling was conducted at 4 NRCS restoration sites.  Two of the restoration sites had been planted in long-leaf pine and the remaining 2 were recently planted in herbaceous grasses to minimize soil erosion on heavily disturbed soils.  The purpose of sampling along the disturbance gradient and at the restoration sites was to verify changes in soil quality that were measured by ORNL Team 2 during the first year of work along disturbance gradients previously established by ORNL Team 1 (Dale et al.).  In addition, beginning in 2001, Fort Benning plans to restore disturbed land in the immediate vicinity of Underwood Road and Box Springs Road.  Soil sampling by ORNL Team 2 will be used to define a baseline for soil quality in the disturbed areas prior to planned remediation.  ORNL Team 2 intends to conduct follow-up sampling at various times following restoration along Underwood Road and Box Springs Road to determine the rate of recovery of soil quality following site restoration.  Photographs and GPS coordinates were taken at each sampling site.

On May 2nd through May 4th, ORNL Team 2 collected soil and litter samples at 10 sites that had been harvested to control southern pine beetle outbreaks at Fort Benning.  Three of the sites were 10 years old, 5 of the sites were 5 years old, and 2 of the sites were 1 year old.  At each study site, control soil samples were collected from a near-by unharvested forest.  The purpose of this soil sampling was to determine the immediate effects of forest harvesting on measures of soil quality and the historical changes in measures of soil quality following forest clearing.  The data from this task should also be useful in our efforts to ascertain rates of recovery following soil disturbance.  Photographs and GPS coordinates were taken at each sampling site.

LABORATORY WORK

Laboratory work on the Spring 2001 soil samples from Fort Benning was started during this past quarter.  The dry mass and the carbon and nitrogen stocks in organic soil horizons was determined at each study site.  Surface mineral soil samples (20 cm deep) from each site were treated to determine concentrations of extractable inorganic soil N.  Surface mineral soil samples are currently undergoing incubations in the laboratory to determine potential net soil N mineralization and nitrification (soil N availability) at each study site.  Determinations of particulate organic matter in surface mineral soil samples are also underway.  Mineral soil samples are being cut into 10 cm increments to determine the vertical changes in soil C and N concentrations and stocks to a depth of 40 cm.  Work during the first year by ORNL Team 2 indicated that these latter measurements are valuable indicators of change in soil quality.

REPORT PREPARATION

A draft ORNL technical manuscript entitled, "Land Use/Land Cover Differences in Soil Carbon and Nitrogen Dynamics at Fort Benning, Georgia:  Implications for Soil Quality" has been prepared and is ready for ORNL internal review.  The approximate 100-page report describes results from the first year of research by ORNL Team 2 and the effects of soil disturbance and land use/land cover on various measures of soil quality at Fort Benning.

During this report period, and as part of the report preparation, Tom Ashwood undertook an analysis of past fire history at Fort Benning.  Fire maps from the ECMI Data Repository were compiled and summarized.  The number of controlled burns and wildfires in particular training compartments was determined to explore possible relationships between fire frequency and the production of refractory soil C (charcoal) at ORNL Team 2 study sites.

A simple model of forest soil C dynamics was developed as a part of the ORNL technical report and the model was used to predict the recovery of labile and organomineral soil C stocks on barren land through ecological succession at Fort Benning.  The development of soil C stocks is fundamental to the recovery of soil quality following soil disturbance by military training activities.  The model is preliminary but represents a foundation for the modelling of soil quality that was identified as a task by ORNL Team 2 in their proposal and planned statement of work.  Much research and development remains to be done with the model, but preliminary simulations suggest that modeling may be a practical method for the identification of disturbance thresholds in soil quality.

Thresholds of Disturbance:  Land Management Effects on Vegetation and Nitrogen Dynamics (Collins, CS-1114E-00)

Presentations
Dilustro, J. , B. Collins, L. Duncan, R. Sharitz, J V. McArthur, C. Romanek, and J. Seaman.  2001.  Thresholds of disturbance:  land management effects on vegetation and nitrogen dynamics.  Southeastern Biology 48(2):80.  Abstract for presentation at Association of Southeastern  Biologists meeting, April, 2001.
Research efforts during the first half of 2001 concentrated on the following: planting seedlings to monitor for growth and mortality, installing temperature and soil moisture monitoring equipment in each site, constructing installing and monitoring litter traps in each site, implementing an aboveground decomposition study, and initiating soil nitrogen studies. 

A 100 x 100 m plot was established during summer, 2000, in each of 32 400 x 400 m sites for vegetation and environmental monitoring.

· Temperature and soil moisture.  To assess temperature, four continuously logging soil temperature sensors (ibuttons) have been installed in each of the 32 sites.  Air temperature also is being continuously logged in each site.  Four soil moisture access tubes were installed in each site for in-field measurement of volumetric soil moisture.

· Decomposition and nitrogen studies.  At 8 points in each of the 32 sites the mass of the forest floor was estimated by collecting 491 cm2 samples (256 total) of the pooled Oi Oe and Oa layers from each plot in May.  Samples were dried at 70C.  The samples will be analyzed for C and N to determine the total amounts of carbon and nitrogen in the forest floor.  Below each sample a 7 x 16-cm soil core was collected and sieved for roots, and the soil was used to measure soil mineralization.  The initial extraction has been completed and the incubation will be completed using a similar method as Garten in an effort to share methodology among SEMP projects. 

An aboveground decomposition study is underway with 896 litter decomposition bags constructed and arrayed across our 32 study sites.  The study was initiated in April 2001 and the first set of samples have been harvested and mass loss for the initial 4 week period has been analyzed. 

· Litter traps and seedling monitoring.  In March, 2000, litter traps were constructed and eight traps were installed in each of the 32 sites (256 total).  During late May / early June the seed/litter traps were sampled and the litter was sorted into seeds, foliage and miscellaneous woody debris.  These samples will be analyzed for total carbon and nitrogen to evaluate carbon and nitrogen input into these systems.  In early June, oak and pine seedlings planted in January/February, 2001, were censused for both growth and survival.

ECMI Status
A drilling permit was received in December 2000 from Fort Benning to have five groundwater wells installed during FY01 to monitor water levels in the shallow alluvial aquifers.  The well locations were sited in March and drilled in May. Following is a short description of each well: 06/2001

· Little Pine Knot.  Well went to 30 ft with screen from 20 to 30 ft. Sand backfill to 8 ft and 3 ft of bentonite, capped with grout and concrete. After development and stabilization water level was 12.4 ft to top of case. Mini-troll deployed to monitor level.
· Randall Creek.  Well went to 20 ft with screen from 10 to 20 ft. Sand backfill to 8 ft and 3 ft of bentonite, capped with grout and concrete. After development and stabilization water level was 7.1 ft to top of case. Plug test performed to determine recovery rate. Mini-troll deployed to monitor level.

· Sally Branch.  Well went to 20 ft with screen from 10 to 20 ft. Sand backfill to 8 ft and 3 ft of bentonite, capped with grout, concrete and housing. After development and stabilization water level was 11.2 ft to top of case. Mini-troll deployed to monitor level.

· Bonham Creek.  Well went to 55 ft with no indication of water. Hole was located within 100 ft of main streambed. 

· Oswichee Creek.  Well went to 20 ft with screen from 10 to 20 ft. Sand backfill to 8 ft and 3 ft of bentonite, capped with grout and concrete. After development and stabilization water level was 17.12 ft to top of case. Plug test performed to determine recovery rate. Mini-troll deployed to monitor level.

The ECMI erosion/deposition team initiated work in March and April to establish the soil erosion study sites.  This included site selection, baseline construction, a GPS network, and the initial measurements of ground surface profiles with a state-of-the-art laser tracking system. Re-sampling the sites to establish the monitoring phase will occur during Autumn 2001.  A significant component of this effort was the development of a high precision horizontal and vertical GPS control network covering Fort Benning. This product will be available for anyone needing accurate X, Y, and Z coordinates on the Installation. Initial data analysis has begun for the erosion/deposition characterization phase and will be completed in the 4QTR as described below under data analysis and modeling. Three technical notes that describe the GPS control network developed for Fort Benning, a field test of the S-Tracker system, and the characterization of the erosion/deposition sites using the S-Tracker System are now in draft form and will be published in 4QTR. 06/2001

Data from the meteorology stations were reduced using standard summary statistics and the data and summaries were added to the data repository during 3QTR. Routine maintenance of the stations was completed. 06/2001

Follow-up coordination was conducted with the Ft. Benning SEMP site coordinator, CPT. McLean-Burrell of the Battle Lab, and Natural Resources Branch personnel to develop an agreement and a plan to provide access to the ECMI meteorology stations and data twice daily at 0800 and 1200 hours to facilitate the controlled burning program.  In addition, two of the 10 met stations are proposed to be hard-wired and tied directly into the Battle Lab network for their needs as well as continuing support to SEMP/ECMI and Fort Benning personnel. Additional options that will provide full time/real time access of the data to the Battle Lab have also been developed and are being considered now. 06/2001

Additional planning was conducted with personnel from the Natural Resources Branch at Fort Benning to coordinate with the Forest Inventory procedure followed by Fort Benning staff so that woody productivity can be derived from the data for ECMI purposes.  The process is scheduled to begin in June 2001 with the implementation of Fort Benning’s revised Forest Inventory protocol. We have also enlisted the help of Dr. George Gertner of the University of Illinois to provide expert consultation to Fort Benning staff regarding improvements to the protocol. Dr. Gertner will visit and consult with the staff 6-10 August 2001. 06/2001

Phase I of the data analysis and modeling concept task was completed in March 01. Standard data summaries of the meteorological data were completed for the period of August 1999 through February 2001. These data summaries and statistics will be added to the data repository during 3QTR.  Detailed (10 meter resolution) digital elevation models including slope and aspect were completed for Sally Branch and Bonham Creek watersheds to facilitate the implementation of the soil erosion/deposition protocol. Microtopography surveys of the measured ground profiles have been completed for the erosion/deposition study sites (see S-Tracker Survey of Sites for Long-term Erosion/Deposition Monitoring, to be published July 2001). These data will be added to the repository in the 4QTR.  The detailed digital elevation models and microtopography surveys are the initial data necessary to parameterize the conceptual versions of the CASC2D, EDYS, and TUDM models (FY01 milestone). Dr. Jeff Fehmi will collaborate with us on a significant effort in the data analysis and modeling component, Phase II, starting in 3QTR 01.

An accuracy assessment was completed for the Fort Benning land cover map and the protocol and results are reported in a draft technical note that will be published during 4QTR.  06/2001

Anticipated Problems
Sustained drought conditions and subsequent low stream flow in the Fort Benning area are continuing to impact the full implementation of the hydrological stations of the Ft. Benning long-term monitoring plan.  Although recent rains have brought stream flow up temporarily, it remains to be seen if the stream flow will be sustained. The past two years of unusually dry conditions present the opportunity to document one extreme in the range of variation at the site but require modifications to the current version of the implementation plan until sustained stream flow depth is between 30 and 50 centimeters.  

We are now proposing to adjust our sampling protocol so that water flow, level and temperature are continuously monitored in only those streams that are maintaining 30 to 50 centimeter flow. These are the upper Upatoi, Sally Branch and Bonham Creek.  These three streams and the remaining seven sites (streams) will be monitored with a portable water quality package on a two-week interval when the streams have water in them and after significant precipitation events.  The data will be downloaded and placed on the SEMP repository as before.  This strategy will stand until the local weather pattern begins to trend into a wetter period and general stream depth of all 10 streams tends to be 30 to 50 cm on a consistent basis.

Hugh Westbury is working with us and personnel from the LMB to determine their needs regarding a desire to monitor flow and water quality at stream sites in addition to those supported by ECMI as well as the possibility that we may need to deploy full hydro stations on sites at larger streams only and use mobile stations on sites at streams where it is unlikely there will be sustained flow of 30 to 50 cm depth or more on a year long basis.  We will be working this important concern during 4QTR.

Data Repository

· The ECMI Data Repository Team developed a fact sheet for the ECMI repository and completed the satellite based land cover map of Fort Benning, including an accuracy assessment of the map based on LCTA transect data. The results of the accuracy assessment have been placed on the data repository. 06/2001

· Data repository was updated routinely.  The repository is on-line and may be viewed at http://206.166.205.173/ecmi_repository.  Drafts of the Functional Description and Site Administrators Manual have been completed and added to the repository. 06/2001
· The characterization phase of the aquatic characterization and monitoring component was executed successfully in December. Initial results were developed in January and were included in the 2000 Annual report. The monitoring phase was initiated in mid-June 2001 and results will be available on the repository in 4QTR. 06/2001
Milestones


Scheduled

Completed
CS-1114B-99 (Krzysik)

Field studies of individual ecological indicator systems
06/2001

06/2001

CS-1114C-99 (Dale)

Analysis of Soil Microbiology as Indicators of

Military Disturbance




04/2001

04/2001

CS-1114D-00 (Garten)

Establish new study sites along disturbance/

recovery gradients




06/2001

05/2001

Prepare open-literature publication from first

year's work





06/2001

06/2001

CS-1114E-00 (Collins)

Vegetation census




05/2001 thru 09/2001

Our immediate goal for June - August is to complete the 2001 vegetation census.  We will repeat the summer, 2000, sampling for ground layer vegetation.  In addition, we will collect stand LAI data and stand age data, and will utilize the SEMP-wide disturbance survey protocols to assess disturbance within each site.

Monitor demography




06/2001 thru 08/2001

We are implementing a seedling survey and seedling demographic monitoring in July.  

Other plans are to continue monitoring environmental parameters and nitrogen transformations throughout the growing season.  In addition, we will install a 15N pot experiment and begin monitoring soil respiration in selected sites.

Concerns

Any concerns were listed within the research project summaries.
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