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EXECUTIVE SUMMARY

The project is analyzing a suite of indicators that measure changes in ecological
condition. The suite that we are examining includes measures of landscape patterns, soil
microbial biomass and community composition, terrestrial understory and overstory, and
stream conditions (both stream chemistry and aquatic biological integrity).

The landscape metrics for Fort Benning were calculated and analyzed, and an
accuracy assessment was conducted. Metrics at the class and landscape level were
compiled and analyzed to determine which were the best indicators of ecological change
at Fort Benning. A suite of metrics was selected, based upon change through time or
ability to differentiate between land cover classes. We found the most useful metrics for
depicting changes in land cover and distinguishing between land cover classes at Fort
Benning were percent cover, total edge (with border), number of patches, mean patch
area, patch area range, CV of patch area, perimeter/area ratio, Euclidean nearest neighbor
distance, and clumpiness. An accuracy assessment was performed of the 1999 land cover
classification that was created using a July 1999 Landsat ETM image as compared to a
0.5 m digital color orthophoto of Fort Benning taken in 1999. The overall accuracy was
found to be 85.6 for the 30 m resolution data. Results and methodology have been
documented.

The potential aquatic indicators at Fort Benning have been narrowed to:

e Suspended sediment concentrations (both baseflow and storms) and baseflow

(PO4, DOC) and stormflow (NH4, NOs, and PO4) nutrient concentrations

e Diurnal dissolved oxygen profiles (in-stream metabolism)
e Streambed organic matter content (habitat) and sediment movement dynamics
e Macroinvertebrate populations and communities, including EPT richness,
Shannon diversity, Biotic indices, and Bray-Curtis similarity of disturbed and
reference streams
The effects of historical land use / disturbance on macroinvertebrates are also being
examined. Using remotely sensed imagery from 1974 and 1999 we used the GIS
extension ATtILA to estimate areal percentage of 1) bare ground on slopes >3%, 2)
successional stage of vegetation (early-regeneration forested land) on slopes >3%, and 3)



road density (km road/km? catchment) for each SEMP catchment. These three land use
variables were then combined to derive a disturbance index (DI), which was used to rank
and compare each catchment’s historic and contemporary disturbance level. With these
data we are examining the degree to which current measures of biotic water quality relate
to historical vs. contemporary disturbance conditions. Preliminary analysis indicated that
% silt in the streambed was positively correlated with levels of historical (1974) land use
among the catchments. Moreover, relative abundance of macroinvertebrate functional
feeding groups also was related to historical land use. These data suggest 1) a legacy of
environmental disturbance in Ft. Benning catchments that spans at least 25 yr, and 2) that
knowledge of historical land use conditions may be critical in interpreting present-day
water quality conditions.

The analyses of our earlier data collected from sites at Fort Benning with five discrete
land-use histories were published in two papers in Ecological Indicators. In the vegation
study, high variability in species diversity and lack of distinctiveness of understory cover
led us to consider life form and plant families as indicators of military use. Life form
successfully distinguished between plots based on military use. For example, species that
are phanerophytes (trees and shrubs) were the most frequent life form encountered in
sites that experienced infantry foot traffic training. Analysis of soils collected from each
transect revealed that depth of the A layer of soil was significantly higher in reference
and infantry foot traffic training areas which may explain the life form distributions. In
addition, the diversity of plant families and, in particular, the presence of grasses and
composites were indicative of training and remediation history. These results are
supported by prior analysis of life form distribution subsequent to other land uses and
demonstrate the ability of life form and plant families to distinguish between military
uses in longleaf pine forests.

In the second paper we documented that the soil microbial community of a longleaf
pine ecosystem at Fort Benning, Georgia responds to military traffic. Using the soil
microbial biomass and community composition as ecological indicators, reproducible
changes showed increasing traffic decreases soil viable biomass, biomarkers for
microeukaryotes and Gram-negative bacteria, while increasing the proportions of aerobic
Gram-positive bacterial and actinomycete biomarkers. Our results suggest that as a soil
is remediated it does not escalate through states of succession in the same way as it
descends following military use. We propose to explore this hysteresis between
disturbance and recovery process as a predictor of the resilience of the microbial
community to repeated disturbance/recovery cycles.

Building upon our first years’ work, an experiment is being established in K-11 that is
designed to examine how indicators change under experimental disturbances at the K-11
site. Data on of aquatic conditions, soil microbial biology, and understory indicators arfe
being collected from the field experiment of disturbance impacts being conducted at K-
11. Thinning and burning have been implemented to constitute a “light” land use. We are
awaiting the implementation of the “heavy” land use.

Project Publications (those completed in 2002): 4 (2) Journal articles, national or

international (published or in press) 1 (1) Journal articles, national or international (in

review or submitted) 3 (3) Journal articles, other (in review or submitted) 2 Theses
Presentations: 20 (7) Professional meetings 7 (3) Other meetings



Data entered into the SEMP ECMI Data Repository
Metadata for two historical data sets
Historical witness tree data
Historical land cover GIS coverage.
Baseflow water chemistry data for each SEMP site



FULL REPORT
Our progress in examining each type of indicator is discussed in separate sections
below.

Stream Studies
P. J. Mulholland, J. N. Houser, Oak Ridge National Laboratory
and
Jack W. Feminella and Kelly O. Maloney, Auburn University

Stream chemistry

Additional baseline sampling of the K11 planned experimental stream sites was
conducted in anticipation of the thinning disturbance planned for autumn. This work
consisted of baseflow and storm chemistry sampling and measurement of diurnal
dissolved oxygen profiles. We began analysis of the stream chemistry and metabolism
data collected to date to identify which measurements were most promising as indicators
of disturbance effects. It appeared that baseflow and storm suspended sediment
concentrations, baseflow phosphate concentrations, benthic organic matter content, and
the maximum diurnal dissolved oxygen deficit were potentially useful indicators of
disturbance effects at the catchment scale. A summary of these analyses was presented in
a talk at the Ecological Society of America annual meeting in August in Tucson, AZ.

Macroinvertebrate Sampling

Collection of Hester-Dendy (HD) samplers for 9" sampling season (Summer
2002) was conducted. Water samples for nutrient, dissolved organic carbon, and ion
analyses also were taken. Crest gauge levels were recorded at each site during the HD
deployment and collection periods. Sediment cores for organic matter content analysis
also were collected from all streams during HD retrieval.

To date, benthic macroinvertebrates from the first 8 seasons (November 1999
through May 2002) have been identified and enumerated, and resultant data files have
been compiled into an Access database. The data suggest that many commonly used
invertebrate metrics may not be indicative of landscape disturbance in these systems, but
that some non-traditional measures may be sensitive enough to detect effects of
sedimentation, One promising metric is stream-specific Bray-Curtis similarity to
reference streams, which when plotted for all streams against disturbance intensity shows
decreasing faunal similarity to the reference streams with increasing disturbance.

Historical Land Use / Disturbance

Using remotely sensed imagery from 1974 and 1999 we used the GIS extension
ATILA to estimate areal percentage of 1) bare ground on slopes >3%, 2) successional
stage of vegetation (early-regeneration forested land) on slopes >3%, and 3) road density
(km road/km?” catchment) for each SEMP catchment. These three land use variables were
then combined to derive a disturbance index (DI), which was used to rank and compare
each catchment’s historic and contemporary disturbance level. With these data we are
examining the degree to which current measures of biotic water quality relate to historical
vs. contemporary disturbance conditions.



Four of the study catchments (streams in compartments D13, K13, K11E, K20)
showed an increase in DI from 1974 to 1999, whereas the remaining 4 catchments
(streams in compartments F2/3, D12/13, D6, K11 W) showed no change. Preliminary
analysis indicated that % silt in the streambed was positively correlated with levels of
historical (1974) land use among the catchments. Moreover, relative abundance of
macroinvertebrate functional feeding groups also was related to historical land use (i.e.,
lower %’s of shredders and higher collector-gatherers in historically disturbed
catchments). These data suggest 1) a legacy of environmental disturbance in Ft. Benning
catchments that spans at least 25 yr, and 2) that knowledge of historical land use
conditions may be critical in interpreting present-day water quality conditions.

Landscape Indicators - Landscape Analysis
Lisa Olsen and Virginia Dale, Oak Ridge National Laboratory

Metadata were created following SEMP standards for two historical data sets and
submitted the historical witness tree data and the continuous historical land cover GIS
coverages into the SEMP ECMI Data Repository. Data and documentation are available
under the "Land Status" data category.

An accuracy assessment was performed of the 1999 land cover classification that
was created using a July 1999 Landsat ETM image. The assessment quantified the
overall accuracy of the classification by comparing the classified image with a 0.5 m
digital color orthophoto of Fort Benning taken in 1999. Approximately fifty points per
land cover class were examined. The overall accuracy was found to be 85.6 for the 30 m
resolution data.

New landscape metrics were computed using the latest release of FRAGSTATS
and AtTILA. Metrics at the class and landscape level were compiled and analyzed to
determine which were the best indicators of ecological change at Fort Benning. A suite
of metrics was selected, based upon change through time or ability to differentiate
between land cover classes. We found the most useful metrics for depicting changes in
land cover and distinguishing between land cover classes at Fort Benning were percent
cover, total edge (with border), number of patches, mean patch area, patch area range,
CV of patch area, perimeter/area ratio, Euclidean nearest neighbor distance, and
clumpiness. Results and methodology have been documented in a manuscript delivered to
SEMP and that will be submitted to Landscape Ecology after review by two independent
landscape ecologists and the Benning staff.

Vegetation Indicators
Virginia Dale, Oak Ridge National Laboratory

The analyses of our earlier data collected from sites at Fort Benning with five
discrete land-use histories were published in Ecological Indicators. A total of 137 plant
species occurred in these transects with the highest diversity (95 species) in infantry foot
traffic training areas and the lowest (16 species) in plots with tracked vehicle training.
Forty-seven species were observed in only one of the five disturbance categories. The
variability in understory vegetation cover among disturbance types was trimodal ranging
from less than 5% cover for areas with regular tracked vehicle use to 67% cover for



reference, infantry foot traffic, and remediated areas. High variability in species diversity
and lack of distinctiveness of understory cover led us to consider life form and plant
families as indicators of military use. Life form successfully distinguished between plots
based on military use. Species that are phanerophytes (trees and shrubs) were the most
frequent life form encountered in sites that experienced infantry foot traffic training.
Therophytes (annuals) were the least common life form in reference and foot traffic
training areas. Chamaephytes (plants with their buds slightly above ground) were the
least frequent life form in remediation sites. Sites with regular tracked vehicle use
supported no chamaephytes or hemicryptophtes (plants with dormant buds at ground
level). The tracked vehicle, remediated, and reference sites were all dominated by
cryptophytes (plants with underground buds) possibly because of their ability to
withstand both military use and ground fires (the natural disturbance of longleaf pine
forests). Analysis of soils collected from each transect revealed that depth of the A layer
of soil was significantly higher in reference and infantry foot traffic areas which may
explain the life form distributions. In addition, the diversity of plant families and, in
particular, the presence of grasses and composites were indicative of training and
remediation history. These results are supported by prior analysis of life form
distribution subsequent to other land uses and demonstrate the ability of life form and
plant families to distinguish between military use in longleaf pine forests.

The analysis of our earlier data collected from sites at Fort Benning with five
discrete land-use histories was published in Ecological Indicators. Building upon that
work, the K-11 experiment is designed to examine how these vegetation indicators
change under experimental disturbances at the K-11 site.

Understory and overstory plant data, depth of A horizon, and data on changes in
soil erosion pins were collected from the K-11 experimental plots in October 2002. These
plots were previously sampled in the October 2001 and burned in May 2002. Thinning of
the plots occurred in October 2002. A larger military disturbance for half of the plots is
also being planned, and then the plots will be resampled in the fall of 2003.

Methods

Four transects were set up in the K11 section of Fort Benning, Georgia. Each
transect had a number of plots placed along it at fifteen-meter intervals between each
plot’s center. Each plot had a five meter radius, based upon the equilibrium of a species
area curve developed for an undisturbed long leaf pine forest at Fort Benning.

Within each plot, a number of measurements were recorded. The soil’s A horizon
depth was recorded to the nearest millimeter. To measure the canopy cover of the plot, a
concave densiometer was used on four corners of the circular plot, approximately at right
angles to each other. The four readings were recorded, and their average derived. A tree
corer was used to determine the approximate age of the stand, based on the number of
rings of the largest trees in the plot. Each tree larger than 5 cm in the plot was measured
at Diameter Breast Height (DBH) for circumference. To record any erosion of the soil,
pieces of re-bar were driven into the boundary of several quadrats, and measured from
their top to the soil. Erosion or sedimentation of soil will be noted in the next
measurement.



Current results

Site A will be subjected to “light” disturbance and site B will have “heavy”
disturbance so it is important to know the differences between these sites. When the data
for each plot is compared as a whole, one can see that the understory vegetation in the Al
and A2 plot were dominated by chameaphytes (over 50%), whereas the vegetation in the
B1 and B2 plots have phanaerophytes as their dominant life form. In all four plots,
however, the hemicryptophytes were the least populous (by percent of the current
vegetation’s cover).

As for the plant families, holly was the largest group in terms of overall cover for
three of the four stands. A1 had 69% of understory vegetation cover in Aquifoliaceae,
B2 had 37% (but with Graminae a close second at 32%), and A2 had 34%.
Hamamelidaceae, or sweetgum, dominated the B1 plot by 25%.

All four stands had a larger cover of litter than they did of bare ground or
vegetation. Stands A1 and A2 had a slightly higher level of total vegetation than bare
ground, and B1 and B2 had a much higher level of vegetation than bare ground. Since
Aquifoliaceae dominated A1 and A2, it stands to reason that the non-deciduous foliage
would help keep the ground free from leaf litter in the autumn.

When one takes the overall highest categories into account, one can make a rough
overview of the Ft. Benning K11 area. Most often chameaphytes and phanaerophytes
were the dominant life form. Few to no annuals were present. The main understory plant
families were Aquifoliaceae or Hamamelidaceae (holly and sweetgum), and the ground
was mostly covered in leaf litter. The canopy cover was around 26%, and the soil’s depth
to the A horizon averaged 16 mm deep. The average age of the trees recorded was about
45 years, and their average girth was 22.9cm at diameter breast height. Thus, the average
tree ring change per year is 5.09mm.

Soil Microbiology
David C. White and Aaron Peacock,
The University of Tennessee Center for Biomarker Analysis

Military activity causes loss of soil structure and organic carbon, reducing
microbial and enzymatic activities. We documented that the soil microbial community of
a longleaf pine ecosystem at Fort Benning, Georgia responds to military traffic. Using the
soil microbial biomass and community composition as ecological indicators, reproducible
changes showed increasing traffic decreases soil viable biomass, biomarkers for
microeukaryotes and Gram-negative bacteria, while increasing the proportions of aerobic
Gram-positive bacterial and actinomycete biomarkers. Utilizing 17 PLFA variables that
differed significantly with land usage, a discriminant analysis with cross-validation
classified the four groups. Wilks’ Lambda for the model was .032 (P<.001). Overall, the
correct classifications of the profiles was 66% (compared to the chance that 25% would
be correctly classified). Using this model, ten observations taken from the remediated
transects were classified. One observation was classified as a reference, three as light
trafficked, and six as moderately trafficked. A non-linear Artificial Neural Network
analysis (ANN) was performed using the biomass estimates and all of the 61 PLFA
variables. The resulting ANN included five hidden nodes and resulted in an r* of 0.97.
The prediction rate of profiles for this model was again 66%, and the ten observations



taken from the remediated transects were classified with four as reference, two as
occasional tracked vehicle use, and four as regular tracked vehicle traffic. Although the
ANN included more comprehensive data, it classified eight of the ten remediated
transects at the usage extremes (reference or tracked vehicle traffic). 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
difference suggests that as a soil is remediated it does not escalate through states of
succession in the same way as it descends following military usee. We propose to
explore this hysteresis between disturbance and recovery process as a predictor of the
resilience of the microbial community to repeated disturbance/recovery cycles.

Samples that were collected during the previous trip to Ft. Benning have been
extracted and fractionated into neutral, glyco, and polar lipid fractions. As with the first
set of samples the polar lipid will be transesterified and analyzed via GC. Recently this
laboratory has optimized the analysis of quinones via LC/MS/MS and the neutral lipid
from the Ft. Benning samples will be analyzed for quinones. The quinone analysis
should provide insights into the community structure and dominant terminal electron
accepting status of the soil microbes. Selected samples from this set have been set aside
for T-RFLP analysis to ascertain if genetic data will correlate with that generated from
the lipids from the transects.

Samples were collected during October 2002 from plots established in the K-11
experimental site. These soils are in cold storage pending their extraction and
fractionation into neutral, glyco, and polar lipid fractions. These data will be compared
to the earlier samples in order to asssess how the fire has affected community structure
and dominant terminal electron accepting status of the soil microbes. Selected samples
are being set aside for T-RFLP analysis to ascertain if genetic data will correlate with that
generated from the lipids from the transects.
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