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Defining Ecological Indicators:

An article has been submitted that discusses the use of ecological indicators as a land management tool, focusing on the development of a procedure for selecting and monitoring ecological indicators.  In response to the limitations that currently hamper the effectiveness of ecological indicators as a management device, we consider a hierarchical approach to land management and the role indicators can play in providing the monitoring information required by ecosystem management. The paper discusses criteria and presents a procedure for selection of these indicators. The development and implementation of land-management strategies for military land not only provide valuable tools for the continued mission of the Department of Defense (DoD) but also suggest how ecological indicators can be used for ecosystem management of other multiple-use lands.

Selection of effective indicators is key to the overall success of any monitoring and management program. In general, ecological indicators need to capture the complexities of the ecosystem yet remain simple enough to be effectively and routinely monitored. In order to define ecological indicators, however, it is first necessary to set forth the criteria used to establish potential ecological indicators. Building upon discussions by Cairns et al. (1993), Landres et al. (1988), Kelly and Harwell (1990), and Lorenz et al. (1999),  we suggest that ecological indicators should meet the following criteria:


• Be easily measured.


• Be sensitive to stresses of the system.


• Respond to stress in a predictable manner.

• Be anticipatory, that is, signify an impending change in key characteristics of the ecological system.


• Predict changes that can be averted by management actions.

• Together with the full suite of indicators, provide a measure of coverage of the key gradients across the ecological systems (e.g., soils, vegetation types, temperature, space, time, etc.).


• Have a known response to natural disturbances and changes over time.


• Have low variability in response.


Identification of the key criteria for ecological indicators sets the stage for a seven-step procedure for selecting indicators:


Step 1: Identify goals for the system. 


Step 2. Identify key characteristics of the ecological system.


Step 3. Identify key stresses.

Step 4. Determine how stresses may affect key characteristics of the ecological system.


Step 5. Select indicators.


Step 6. Test potential indicators against criteria.


Step 7. Select final indicators and apply them to the decision-making process. 


Ecological indicators offer a means to measure the effects of land-management activities. A key challenge is dealing with the complexity of ecological systems. Criteria and procedures for selecting indicators offer a way to deal with this complexity. The DoD is taking a lead in developing ways to implement the use of ecological indicators for ecosystem monitoring and management. 

Terrestrial Indicators

A field study was to establish and collect vegetation and soil data from a series of transects located along a gradient of low to high military training intensity within the longleaf pine habitat.  By selecting study sites at various points along the disturbance gradient we planned to test the hypothesis that changes in species composition, cover, etc. could be used to indicate and monitor ecosystem stress resulting from military training activity.  

With help from Randy Druckman in the NRMB we created a GIS image of the current longleaf pine stands throughout the instillation and then overlaid the military training compartments and military training intensity classifications with the stand locations.  Based on this map and input from Pete Swiderek,  we selected a total 14 study sites throughout the base, 12 sites were representative of the various levels of the military training activity gradient (reference-light-moderate- heavy),  and the remaining 2 sites represented recovering habitat.  Although the use of the GIS information was extremely helpful in narrowing down potential sampling sites,  it was also necessary to spend a significant amount of time in the field investigating potential study sites.  Road conditions and range/training activity played a considerable role in limiting our site selections.  Patty Kosky was a big help in selecting sites in the field and assisting with sampling.

Within each of the selected study site we established one, randomly located  60m transect.  Samples of the herbaceous layer were conducted within a 5 m radius circle loacted at 15 m intervals on the transect. Herb layer data collection was based on a modified Braun-Blanquet analysis of species cover and sociability.   In addition, soil samples were taken in each quadrat for analysis of soil microbiology (discussed later in this report) and soil carbon and organic matter by Chuck Garten of ORNL.  When a canopy layer was present, we also recorded canopy density and cover as well as stand age. The analysis of these data is not yet completed. 

Stream chemistry and biology indicators

Site selection for the stream studies was completed.  A total of 12 streams have been chosen for study, including 4 that appear to be either undisturbed or minimally disturbed reference sites, 3 with low levels of disturbance, and 5 with moderate to high levels of disturbance.  Automatic samplers were deployed in December 1999 at 5 of the sites for collecting water samples during storms (Lois Creek-O13, Bonham Creek tributary-D12/D13, Bonham Creek tributary-D13, Randall Creek tributary-O13mid, and Upper Sally Branch-F2).  Six storms were sampled over the period from December 1999 to March 2000.  From 5 to 20 samples were collected over each of the storm hydrographs at each site.  The samples were returned to the laboratory, filtered, and frozen until analysis.  In addition, measurements of water temperature, specific conductance, and dissolved oxygen were made at 30-minute intervals over several days during this period.  Diel variations and minimum levels of dissolved oxygen concentration will be used to determine differences in metabolism characteristics among the study sites. 

The stream invertebrate work did not begin until November 1999 because drought conditions during late summer to early fall precluded earlier sampling.   At that time 42 aquatic invertebrate samples were collected over a 2-d period (16 and 21 Nov) from the following 7 streams (training compartments):

Upper Sally Branch, mainstem (F2/F3)

Upper Pine Knot (K20)

Randall Creek, north tributary (O13)

Lois Creek (K13)

Bonham Creek, tributary (D13)

Bonham Creek, tributary (D12/D13)

Lizzy Branch (A17).

We used 2 methods to sample stream invertebrates: 1) Hester-Dendy multiplate samplers collected from 4 stations within each stream, incubated for ~6 weeks; and  2) semi-quantitative sweep net samples (2 minutes within 1m2 area) collected from the upstream and downstream ends of study reaches within each stream. Samples from both methods will be analyzed separately determine which method better characterizes the invertebrate community and thus is most useful in describing community differences among streams associated with potential impacts of military training.  It is possible, however, that both methods provide separate and useful information about communities, in which case we will continue to sample streams with both methods. We also measured the following environmental parameters: Water temperature; pH; conductivity; dissolved oxygen; stream discharge; average current velocity, water depth, and channel width; amount of coarse woody debris in the channel. We also installed several scour pins within the streambed (4-5 per site) to quantify sediment movement.

Laboratory sorting, identification, and enumeration of invertebrates collected from November 1999 are on-going, as are compilations of reference collections of all invertebrate taxa for each stream.  During March 2000 we will deploy multiplates for the spring sampling period. Preliminary analyses of invertebrate assemblages indicate low abundance and diversity of species across most sites, although inter-stream variability in these measures is high.

Preliminary site selection for the planned disturbance experiment to be conducted in late 2001 or early 2002 was initiated.  We have visited several of these potential sites and have tentatively selected six for further assessment.  We plan to finalize site selection by the end of 2000.  The disturbance experiment will involve mechanized vehicle maneuvers in the uplands and across 1-2 ephemeral drainages in a 1st to 2nd order catchment.  The disturbance will take place over a 1 to 2 week period.   One year of pre-disturbance data will be collected on our suite of disturbance indicators at the chosen site.

Soil Microbiology


Soil core samples were collected from sites located at Fort Benning Georgia (Autumn 1999).  Solvent washing (in methanol) was used throughout to ensure no cross sample contamination.  Cores were approximately 20 cm in length, 2 cm width.  For each core taken, the depth of the core and the presence/absence of an “A” horizon was reported.  Five samples were taken from separate plots at each transect (14 transects x 5=70 samples).  Of the transects selected, 2 were reference transects (A and M, stand ages 24 and 74 years respectively), 3 were heavy usage (B, H, J, tracked vehicle training), 3 were moderate usage (C, I, K, areas adjacent to tracked vehicle training), 4 were light usage (D,E, L and N, infantry training) and 2 came from a site currently undergoing remediation (F, G, both light usage) (Table 1). Samples were stored at 4oC, then stored at –80oC prior to analysis.  Soil physical characteristics and type were documented upon SM’s return to CEB (Table 1).  Soil mass, total carbon and total nitrogen are being analyzed by Chuck Garten at Oak Ridge National Laboratories (ORNL).  Soil lipid biomarker (phospholipid fatty acid (PLFA)) content and moisture content are being analyzed at the University of Tennessee, Center for Environmental Biotechnology.  The PLFA analysis is currently ongoing and should be completed by summer, 2000.  Initial results of the analysis should be available by June, 2000.

Table 1: Summary of soil physical properties at each transect.  

	
	Understory Cover 
	A horizon
	Definition
	Color
	Type

	Transect A (reference)
	75-100% cover
	6.3
	Good
	BROWN
	Sandy loam

	Transect B (heavy usage)
	Less than 5% cover
	0
	None
	Brick red
	Sandy loam

	Transect C (moderate use)
	50 - 75% cover
	0
	None
	Brick red
	Sandy loam

	Transect D (light use)
	75-100% cover
	3.36
	Good
	Brown
	Sandy Loam

	Transect E (Reference)
	75-100% cover
	1.94
	Bad
	BROWN
	Loamy

	Transect F (Remediated )
	75-100% cover
	0
	None
	BROWN
	Sandy loam

	Transect G (Remediated)
	75-100% cover
	0
	None
	DARK BROWN
	Sandy loam

	Transect H (Heavy)
	Less than 5% cover
	0
	None
	BROWN
	Sandy loam

	Transect I (Moderate)
	50-75% cover
	0
	None
	BROWN
	sandy loam

	Transect J (Heavy)
	Less than 5% cover
	0
	None
	BRICK/RED
	Sandy loam

	Transect K (Moderate)
	50-75% cover
	0
	None
	BROWN
	Sandy loam

	Transect L (Light)
	75-100% cover
	6.1
	Bad
	Brown
	Sandy loam

	Transect M (Reference)
	75-100% cover
	5.8
	Bad
	BROWN
	Sandy loam

	Transect N (Light)
	75-100% cover
	6
	Good
	Sandy brown
	Sandy loam


Quantification of the response of a soil community to perturbation has been a challenge to microbiologists as ~90-99% of the microorganisms present are not culturable using current laboratory-based culture techniques. Lipid biomarker techniques measure the lipid profiles of microbes in the environment irrespective of culturability, thereby avoiding culture bias.  These methods provide insight the viable biomass, community composition, and nutritional status or physiological stress responses.  As a membrane marker, the PLFA analysis picks up the response of not only the in situ community gene pool but also the individual physiologic response of cells to shifts in the local microniche ecosystem processes.  It’s this extra response that gives PLFA its advantage over the DNA based techniques, especially when analysis of whole community response is the goal.  As such, PLFA seems to provide a “holistic” answer to mapping community change, and one that takes into account any change in the ecosystem that may occur.   Appropriate statistical analyses will be utilized to determine how the PLFA profiles change in accordance with ecological change.

Analyzing the data for the historical trends At Fort Benning

Background


The goal of this analysis of the historical data is to identify and map trends that have occurred over human history at Fort Benning and also to develop ways to measure these changes. The historical data on land use at Fort Benning is being developed so that we can explore trends in ecological conditions over time, such as vegetation type and pattern.


Long-term environmental changes at Fort Benning  are being characterized with historical land survey maps.   These maps were compiled as part of the federal and state public land distribution.  As lands were opened up for public distribution in the United States, they were surveyed by the General Land Office (now the Bureau of Land Management).   Among the states that formed from the thirteen colonies, lands were distributed at a state level.   The states' process of distribution was similar to the federal system.  Fort Benning is mostly bounded by land that was surveyed in the early 19ADVANCE \u 6thADVANCE \d 6 century by the state of Georgia.   


The land distribution and survey system changed over time in Georgia.  When the land bordered by Fort Benning was surveyed in 1827, land was divided into roughly equal lots within districts.   Districts were to be roughly nine miles square and lots were to be 202 ½ acres square.  Lots varied in size but were, on average, one half mile on one side.  The lots were then issued at a lottery.   


As part of the land distribution, the Surveyor General surveyed the land, noting the location of trees at each corner that marked the boundary of each lot.  These trees were indicated on a map.   The surveyor indicated the corner tree and four witness trees. The district maps are a sample of the forests during the early 19ADVANCE \u 6thADVANCE \d 6 century. These maps and survey data provide an extremely valuable and unique method of characterizing long-term changes in the forests for a given region.


A small section of Fort Benning is in Alabama which the federal General Land Office also surveyed. These surveys are slightly different than the Georgia survey but provide similar information. Surveyors in the Fort Benning area of Alabama only recorded corner trees so only species frequency can be determined.


We are using the survey maps and field notes to create a digital GIS model of the forests from the early 19ADVANCE \u 6thADVANCE \d 6 century for the Fort Benning area. Although Indians had been living in the area for thousands of years, the model will be the best known representation of the forests in a pre-western agricultural environment.  Thus, the 1827 map will provide the baseline conditions for the installation.

Current Status 

In the summer of 1999, Thomas Foster visited the Georgia Department of Archives and History in Atlanta, Georgia and the Alabama Department of Archives and History in Montgomery, Alabama in order to make contacts and arrange for copies of the historical maps and notes.  The required maps and survey notes for Georgia were obtained, and arrangements were made to order the similar documents for Alabama while at these institutions.


Since then, Foster has been extracting the data from the historical documents and maps and converting them to a digital format for analysis.  He has digitized most of the maps for the Fort Benning area (see Figure 1).  Data is being processed in Arc/Info and Arcview GIS (ESRI) programs.


In general, the data extraction process involves georeferencing the historical land survey maps, digitizing the location of the trees from the maps, and extracting the attribute species from the maps and survey notes.  The historic maps are georeferenced using a Fort Benning Final Project and Acquisition map EM 405-1-200 (U.S. Army Corps of Engineers, 1948) because it contained the land survey boundaries from the historic maps.  Maps are being digitized with a GTCO/Calcomp Accutab 24”x36” (+/- 0.005” Certified Absolute Accuracy).  Data feature points are being digitized as points in a vector format.  Vector data were used because of the form of the historic land survey maps.  Trees are represented as points on the land survey maps and in the digital GIS layer.

Tree species are listed in common names on the historic land survey maps.  These common names were translated from Godfrey (1988).  When ambiguous species were encountered, physiographic and habitat associations were used in order to clarify which species was named.  

It is commonly recognized that forest reconstructions that use the historic land survey data are biased (Bourdou 1956).  Surveyors were biased toward larger trees and toward hard woods because of their durability.  Some of this bias probably occurred in the study region.  Nevertheless, these historic land surveys are the best and most detailed data available for the pre-European settlement vegetation.

 As of this date, approximately eighty percent of the Fort Benning area has been digitized with species attributes entered.  The map on page three represents the current state of the work on the Fort Benning area.  The legend for the map is on page 9.
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Figure 1:  Uncorrected Draft version of Historic Forest Vegetation at Fort Benning, Georgia circa 1827 and Legend


While the majority of Fort Benning is in Georgia, part of its boundary is in Alabama.  This requires obtaining the Alabama survey notes also.  In contrast to the Georgia land surveys, the U.S. Federal government originally surveyed Alabama.  Consequently, the data are obtained from different sources. The Alabama data have not been been obtained from the Bureau of Land Management, the depository of the Federal Land Survey data.  It is on order and expected within weeks.


After the Alabama data have been processed and entered into the GIS, all of the data will need to be checked and corrected.  
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Terrestrial understory vegetation as an ecological indicator
Virginia Dale (Oak Ridge National Laboratory)


We are in the process of analyzing data collected from sites at Fort Benning that can support long leaf pine forests within  four training intensity categories (minimal, light, moderate, and heavy) and a site undergoing restoration. All species identified were assigned a percent cover score and a sociability classification based on a modified Braun-Blanquet classification system (Clark 1986).  The species were also classified using Raunkier’s life form classification system (Kershaw 1986) based on the height of perrenating buds. Out of the 137 identified species 12 species were Chamaephytes,  39 species were Cryptophytes, 31 species were Hemicryptophytes, 36 species  were Phanerophytes, and 17 species  were Therophytes.  Examining the species presence data, we cannot reject the hypothesis that there are significant differences between life forms within each training category. Using a two-way analysis of variance with training categories and life form as the treatments, we find that we cannot reject the hypothesis that there are no differences between life forms of training intensity (and the order of treatments makes no differences). We are in the process of examining differences in growth forms and cover and in selecting species which may serve as useful indicators. 

Soil microorganisms as a measure of the below-ground aspect of ecological integrity
Aaron Peacock (University of Tennessee)


The analytical chemistry for all samples from Fort Benning is complete.  Briefly, the soil was extracted with the single-phase chloroform-methanol-buffer system of Bligh & Dyer.  The total lipid extract was fractionated into neutral lipids, glycolipids, and polar lipids by silicic acid column chromatography. The polar lipids were transesterified to the fatty acid methyl esters by a mild alkaline methanolysis. Fatty acid methyl esters (FAMES) were recovered from the organic fraction of the sample.  The FAMES were analyzed and quantified by capillary gas chromatography with flame ionization detection.  Preliminary peak identification was by comparison of retention times with known standards and detailed identification of peaks was by gas chromatography/mass spectroscopy of selected samples. Double bond position of monounsaturated PLFA was discovered by GC-MS analysis of the dimethyl disulfide (DMDS) adducts. Methyl nonadecanonate (c19:0) was used as the internal standard, and the PLFA expressed as equivalent peak response to the internal standard.


Data analysis is commencing using both biomass and relative proportion of  PLFAs expressed per gram of soil.  In addition to traditional ANOVAs, exploratory multivariate statistical methods such as Principal Components, Discriminant, and Hierarchical Cluster analysis are being used to discover trends in the data, and may be used to develop hypotheses for testing with the next sample set.  This phase of the project should be complete by August of this year.  

Historic Vegetation
Thomas Foster (Pennsylvania State University)


Since the last report, I have received all of the microfilm from the Bureau of Land Management for the Alabama section of Fort Benning.   These microfilms contain the surveyor’s notes and the vegetation for the Public Land Surveys in Alabama.  These data have allowed me to complete the entry of all vegetation data for the Fort Benning area.  The vegetation data of the Alabama section is currently being transformed from “common names” found in historic surveyor’s notes to standard scientific names for the trees.  This process is completed for the Georgia section.


Furthermore, while entering the vegetation data for the Georgia region of Fort Benning, I discovered that the photocopies of the historic maps were illegible in some places.  Consequently, in May, I went back to the Georgia Department of Archives and History to take photographs of these maps.  These photographs have been digitized for a closer analysis of the maps.  Attached is close-up of one of the maps for illustration.

Stream chemistry and biology indicators (Patrick Mulholland, Oak Ridge National Laboratory, and Jack Feminella, Auburn University)


We have continued processing and analysis of storm samples collected during the period December 1999 to March 2000.  Based on preliminary analysis of suspended sediment concentration profiles during storms, this metric appears to be a promising disturbance indicator. Suspended sediment concentrations were strongly and positively related to discharge rates and the rate of change in discharge rate on the rising limb of hydrographs in the three disturbed streams, with very weak to non-existent relationships found for the reference stream, Lois Creek (Figure 1).  During baseflow, suspended sediment concentrations were significantly elevated only for the most disturbed stream (Upper Sally Branch), indicating that baseflow suspended sediment concentrations are not a sensitive measure of disturbance (Figure 2).  Analyses of nutrient concentration profiles during storms at these sites should provide additional disturbance metrics.  These samples will be analyzed soon.

Benthic invertebrates and their habitats were re-sampled 5-13 May 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 multiplates and sweep net samples. One of the original streams (Randall Creek, north - O13) became intermittent during this period, and a second tributary of Randall Creek (south tributary, O13S) with stable flow was sampled in place of O13. O13S will be retained as primary study stream.

During this period we observed the following ranges in physico-chemical parameters across the 7 streams: water temperature (18-20.7 C); pH (4.65-6.82); conductivity (8-29 µS/cm); dissolved oxygen (2.54-8.46 mg/L); turbidity (1.23-7.49 NTU), TDS (13-45 mg/L), water depth (0.03-0.15 m), channel width (0.7-2.1 m), and current velocity (0.04-0.22 m/s). Coarse woody debris (CWD) in the channel ranged from almost zero (Upper Pine Knot -K20) to > 50% of the sampling reach containing CWD (Bonham Creek tributary-D12/D13).

Stream sediment movement (accretion, erosion), as measured by scour pins (4-5 per stream), tended to be higher in watersheds receiving medium to high military training intensity (i.e., average of a 22.5-mm decrease in streambed elevation, or erosion; n= 3 streams) than in low-disturbance or reference watersheds (i.e., 3.0- and 4.4 mm-decrease in streambed, respectively). Using this measure, beds of low-disturbance streams appeared more stable than those of high-disturbance streams. We therefore would predict lower benthic invertebrate diversity and lower abundance of intolerant species in high-disturbance streams.

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.  During July 2000 we will deploy multiplates for the summer sampling period.
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Analyzing the data for the historical trends At Fort Benning (Thomas Foster, Pennsylvania State University)

Background

  The goal of this analysis of the historical data is to identify and map trends that have occurred over human history at Fort Benning and also to develop ways to measure these changes. The historical data on land use at Fort Benning is being developed so that we can explore trends in ecological conditions over time, such as vegetation type and pattern.


Long-term environmental changes at Fort Benning  are being characterized with historical land survey maps.   These maps were compiled as part of the federal and state public land distribution.  As lands were opened up for public distribution in the United States, they were surveyed by the General Land Office (now the Bureau of Land Management).   Among the states that formed from the thirteen colonies, lands were distributed at a state level.   The states' process of distribution was similar to the federal system.  Fort Benning is mostly bounded by land that was surveyed in the early 19ADVANCE \u 6thADVANCE \d 6 century by the state of Georgia.   


The land distribution and survey system changed over time in Georgia.  When the land bordered by Fort Benning was surveyed in 1827, land was divided into roughly equal lots within districts.   Districts were to be roughly nine miles square and lots were to be 202 ½ acres square.  Lots varied in size but were, on average, one half mile on one side.  The lots were then issued at a lottery.   


As part of the land distribution, the Surveyor General surveyed the land, noting the location of trees at each corner that marked the boundary of each lot.  These trees were indicated on a map.   The surveyor indicated the corner tree and four witness trees. The district maps are a sample of the forests during the early 19ADVANCE \u 6thADVANCE \d 6 century. These maps and survey data provide an extremely valuable and unique method of characterizing long-term changes in the forests for a given region.


A small section of Fort Benning is in Alabama which the federal General Land Office also surveyed. These surveys are slightly different than the Georgia survey but provide similar information. Surveyors in the Fort Benning area of Alabama only recorded corner trees so only species frequency can be determined.


We are using the survey maps and field notes to create a digital GIS model of the forests from the early 19ADVANCE \u 6thADVANCE \d 6 century for the Fort Benning area. Although Indians had been living in the area for thousands of years, the model will be the best known representation of the forests in a pre-western agricultural environment.  Thus, the 1827 map will provide the baseline conditions for the installation.

Current Status 


Since the last report, work has involved error correction and translation of the Georgia and Alabama sections of the data layer.  Translation involves assigning standard scientific names for the common names used by the surveyors on the historic maps.  All data has been entered into the Arcview GIS.   The forest cover in 1827 can now be summarized for the Fort Benning area.   Figure 1 and table 1 show the percentages of tree species.   4108 individual trees were observed and mapped.
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Figure 1:  Percentages of Historic Trees at Fort Benning

	Species
	Count
	Percentage

	Aceraceae
	17
	0.0041

	Carpinus caroliniana
	9
	0.0022

	Carya
	20
	0.0049

	Castanea
	10
	0.0024

	Cornus florida
	19
	0.0046

	Diospyros virginiana
	8
	0.0019

	Euonymous atropurpureus
	3
	0.0007

	Fagus grandifola
	58
	0.0141

	Fraxinus
	10
	0.0024

	Ilex opaca
	25
	0.0061

	Juniperus virginiana
	1
	0.0002

	Morus rubra
	1
	0.0002

	Nyssa Sylvatica
	22
	0.0054

	Nyssa sylvatica
	51
	0.0124

	Oyydendrum arboreum
	1
	0.0002

	Persea
	28
	0.0068

	Pinus
	3213
	0.7821

	Platanus occidentalis
	3
	0.0007

	Populus
	13
	0.0032

	Prunus persica
	2
	0.0005

	Quercus
	40
	0.0097

	Quercus alba
	29
	0.0071

	Quercus falcata
	1
	0.0002

	Quercus marilandica
	202
	0.0492

	Quercus muehlenberrgii
	1
	0.0002

	Quercus nigra
	15
	0.0037

	Quercus phellos
	11
	0.0027

	Quercus rubra
	128
	0.0312

	Quercus stellata
	140
	0.0341

	Quercus velutina
	4
	0.0010

	Sassafras albidum
	16
	0.0039

	Ulmus
	5
	0.0012

	Viburnum prunifolium
	2
	0.0005


Table 1:  Count and Percentage of historic trees at Fort Benning

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

We have continued processing and analysis of storm samples collected during the period December 1999 to March 2000.   Based on the storm concentration profiles of ammonium and nitrate, these metrics may be promising disturbance indicators.  Both ammonium and nitrate concentrations were positively related to discharge rates and the rate of change in discharge rate on the rising limb of hydrographs in the three disturbed streams, with weak positive relationships found for the reference stream, Lois Creek (Figure 1 and 2).  During baseflow, ammonium and nitrate concentrations were consistently elevated only for the most disturbed stream (Upper Sally Branch), indicating that baseflow suspended sediment concentrations are not a sensitive measure of disturbance (Figure 3).  Analyses of dissolved phosphate concentration profiles during storms at these sites may provide an additional disturbance metric.  These samples will be analyzed soon.

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.

Terrestrial biotic indicators of change along a anthropogenic disturbance gradient within a longleaf pine habitat, Virginia Dale (Oak Ridge National Lab) and Suzanne Beyeler(Miami University)

1. Introduction

Anthropogenic activity within a landscape is typically expressed as a complex gradient of modified and altered ecological components and changes in natural disturbance dynamics and succession patterns. Human activity may affect the presence of appropriate species, populations, and communities as well as the occurrence of processes at various rates and scales which collectively are referred to as ecological integrity. Understanding the implications of anthropogenic disturbances on the integrity of a system is complicated by spatial and temporal variability in systems response to modification and alteration. Clearly however, land managers need to have a basic understanding of the effects of human-induced changes on ecological integrity. Only with such an understanding, can a land manager effectively focus management efforts and resources on the best environmental management practices. 


 The longleaf pine (Pinus palustris) forest system of the Southeastern United States is a clear example of the effects of anthropogenic activity on a natural system.  Forests of the Southeastern United States comprise an ecological landscape that has experienced significant anthropogenic activity in the form of land development, resource utilization, and changes to the natural disturbance regime. The need for a clear understanding of human impacts on longleaf pine system and its associated species and ecological functions takes on even greater importance when considering the fact that much of the remaining longleaf pine forest supports not only ecological processes but also a multitude of human use activities.


Our perspective is that a suite of indicators is necessary to capture the full spatial, temporal, and ecological complexity that should be measured. We, therefore, have proposed a candidate suite of indicators for longleaf pine forests at Fort Benning, Georgia, that together characterize the spatial and temporal scales of interest as well as the diversity in soils and other environmental gradients. Understory vegetation is the element of this suite thought to represent ecological changes that may occur over a few years to decades within a forest stand and should reflect the differences in military training regime.

2. Study 

The study was conducted at the Fort Benning Army Installation currently occupying  

73,503 ha in Chattahoochee, Muscogee, and Marion Counties of Georgia, and Russell County, Alabama. The study was designed based on a subjective stratified sampling methodology.  The study was blocked based on five training intensity categories (Minimal, Light, Moderate, Heavy, and Restoration). Study site locations were limited to land areas suitable for longleaf pine growth. Determination of  potential site location was achieved through utilization of a combination of existing forest stand information. The classification of each training compartment 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.  Training intensity categories are defined in table 1 below.

Table 1:  Definition of training intensity categories used for study site selection.
	Minimal Training
	Areas often included in exclusion zones around firing ranges, therefore      experiencing little to no training activities.

	Light Training
	Areas limited to infantry training and individual orienteering activities. 

	Moderate
	Areas adjacent to tank training zones, exposed to moderate amounts of tracked vehicle maneuvers, as well as light vehicle and infantry traffic.  

	Heavy 
	Ares used exclusively for heavy wheeled and tracked vehicle training exercises. 

	 Restoration
	Areas which have historically been significantly degraded through military  activities , but are currently off limits to military training activity and are undergoing restoration efforts.



Three study areas were located in each of the minimal, light, moderate, and heavy training classifications.  Two areas were located in zones classified as “restoration”(see figure XX (map of study sites) .  We randomly placed one transect within each of the fourteen study areas.  


All species identification and characteristics descriptions were based on Godfrey (1988)  and Radford, Ahles, and Bell’s (1968).  All species identified were assigned a percent cover score and a sociability classification based on a modified Braun-Blanquet classification system (Clark 1986).  All identified species were also classified using Raunkier’s life form classification system (Kershaw 1986) based on the height of perennating buds.

4. Preliminary Results

Analysis of variance (ANOVA) was used to examine for differences in the ranks of the cover scores for all species found within the plots (i.e., zeroes were eliminated). There were significant differences in the cover ranks by life forms within the light, medium, and moderate intensity classes and the restoration sites, but not within the heavy intensity sites (Table A). The two-way ANOVA showed significant differences in cover ranks considering both life form and training intensity. Analysis of the data is continuing in an effort to select individual species or groups of species which are indicative of change.
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Table A. Frequency of understory species representing major life forms in training treatments  

	Life form
	 
Training intensity
	Restoration
	Total

	
	Minimal
	Light
	Moderate
	Heavy
	
	

	Phanerophyte
	96
	153
	46
	1
	43
	339

	Chamaephyte
	32
	33
	25
	0
	15
	105

	Hemicryptophyte
	132
	87
	36
	0
	54
	309

	Cryptophyte
	152
	136
	92
	27
	83
	490

	Therophyte
	17
	27
	69
	20
	32
	165

	Total
	429
	436
	28
	48
	337
	1408


Fort Benning PLFA analysis (Aaron Peacock and David White)

The data analysis phase spoken of in the previous report is ongoing.  To date a traditional ANOVA has shown significant differences related to land use for several soil microbiological variables.   A brief list of results is given below.  

Statistical analysis of PLFA profiles: 

The relative proportion (percentage mole fraction) or biomass (pmol/g) of PLFA was used to test the null hypothesis that degree of land usage would not influence the composition of the soil microbial communities.  To test that hypothesis, an analysis of variance (ANOVA) using the General Linear Model STATISTICA  procedure (Statsoft Inc. Tulsa, OK) for a completely randomized design with four treatments was used.  The values reported are least square means of 15 replicates and standard errors of the means were determined. Differences in the mean proportions of PLFA in each treatment were tested using a Fisher’s Least-Significant-Difference procedure.   

Viable Microbial Biomass:
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The microbial biomass in the soil decreased with increased land use. 

Specific PLFA components can be related to certain subsets of the microbial community, and PLFA patterns can be used to define changes in the community composition.  What follows are some standard PLFA groups that can describe certain portions of the soil microbial community structure. 

Normal saturated PLFA is a general microbial marker and a relative increase has been [image: image5.wmf]±1.96*Std. Err.

±1.00*Std. Err.
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shown to correlate with decreased diversity.

In this case the increase in this marker suggests a decrease in diversity.
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 Monounsaturated PLFA’s are indicative of predominantly Gram-negative bacteria.  An increase in the amount and type of carbon sources has been shown to increase this marker.  

As is shown in the graph the highest levels of this marker were found in the Reference and Lightly used areas.
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 Terminally branched saturated PLFA are indicative of Gram-positive bacteria, including Arthrobacter and Bacillus spp.   Many of these types of bacteria can be spore formers and can exist in environments that are lower in overall organic carbon content.

Mid-chain branched saturated PLFA are primarily indicative of Actinomycete type bacteria in surface soils.  It has been hypothesized that since these bacteria grow hyphae they are able to better survive in harsh environments due to their ability to span interstitial spaces to collect water and nutrient sources. 
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Polyunsaturated PLFA are indicative of Fungi and other microeukaryotic organisms.  This marker too shows significant differences due to land use.
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Other multivariate and gradient analyses are being used to explore differences in the microbial community with land use parameters.  This data will be the basis for developing the hypotheses that will be tested with the next sampling at Fort Benning.   
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		Aceraceae

		Carpinus caroliniana

		Carya
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		Cornus florida

		Diospyros virginiana

		Euonymous atropurpureus

		Fagus grandifola

		Fraxinus

		Ilex opaca

		Juniperus virginiana

		Morus rubra

		Nyssa Sylvatica
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		Quercus

		Quercus alba

		Quercus falcata

		Quercus marilandica

		Quercus muehlenberrgii

		Quercus nigra

		Quercus phellos

		Quercus rubra

		Quercus stellata

		Quercus velutina
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		Ulmus

		Viburnum prunifolium



0.0041382668

0.0021908471

0.0048685492

0.0024342746
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0.0019474197

0.0007302824

0.0141187926
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0.0060856865
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0.0124148004
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0.0068159688

0.7821324245

0.0007302824

0.003164557

0.0004868549

0.0097370983
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0.0009737098
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		INTERPRETE		COUNT

		Aceraceae		17		0.0041

		Carpinus caroliniana		9		0.0022

		Carya		20		0.0049

		Castanea		10		0.0024

		Cornus florida		19		0.0046

		Diospyros virginiana		8		0.0019

		Euonymous atropurpureus		3		0.0007

		Fagus grandifola		58		0.0141

		Fraxinus		10		0.0024

		Ilex opaca		25		0.0061

		Juniperus virginiana		1		0.0002

		Morus rubra		1		0.0002

		Nyssa Sylvatica		22		0.0054

		Nyssa sylvatica		51		0.0124

		Oyydendrum arboreum		1		0.0002

		Persea		28		0.0068

		Pinus		3213		0.7821

		Platanus occidentalis		3		0.0007

		Populus		13		0.0032

		Prunus persica		2		0.0005

		Quercus		40		0.0097

		Quercus alba		29		0.0071

		Quercus falcata		1		0.0002

		Quercus marilandica		202		0.0492

		Quercus muehlenberrgii		1		0.0002

		Quercus nigra		15		0.0037

		Quercus phellos		11		0.0027

		Quercus rubra		128		0.0312

		Quercus stellata		140		0.0341

		Quercus velutina		4		0.0010

		Sassafras albidum		16		0.0039

		Ulmus		5		0.0012

		Viburnum prunifolium		2		0.0005
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