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This quarterly report represents a summary of progress in the SERDP Research project “Development of Ecological Indicator Guilds for Land Management” for the first quarter of 2000, 1 January – 31 March.

1) Cooperative Agreement and Research Contract with U.S. Army – ERDC-CERL and Embry-Riddle Aeronautical University (ERAU)

Cooperative Agreement in place between U.S. Army – ERDC-CERL and ERAU

16 February 2000

SERDP-EI Research Contract awarded to ERAU

8 March 2000

ERAU cost codes in place to use SERDP-EI funds at ERAU

3 April 2000, 1944 hours

2) Project Personnel

Project Leader and PI:  Anthony J. Krzysik, Embry-Riddle Aeronautical University

Finance Leader, PI, and U.S. Army - ERDC-CERL COTR:  Harold E. Balbach,                     







           USA-ERDC-CERL

PIs:
John M. Emlen and Jeff J. Duda
USGS-BRD-WFRC


D. Carl Freeman 


Wayne State University


John H. Graham 


Berry College


Dave A. Kovacic 


University of Illinois


Lawson M. Smith 


USA-ERDC-GL


John C. Zak 



Texas Tech University

Addresses, telephone numbers, and e-mails of all PIs are found in the Appendix 4.

3)  Project Overview

Ten ecological indicator systems (EISs) will be researched, developed, and integrated as a “Guild System”; for the purpose of assessing and monitoring ecological changes and thresholds relevant to landuse management decisions.  The regional study area is Fort Benning, Georgia.  Independent and guild-classified EISs will be developed from field-based measurements and existing databases.  The integrative theme in the analysis and modeling of data parameters is the response of biological organisms, populations, and communities to landscape disturbance gradients along three spatially delineated intra-watershed ecosystems: uplands, riparian, and lotic aquatic.  Analogous to the test systems, the uplands, riparian, and aquatic ecosystems will be used both as spatially stand-alone elements and as integrated landscape systems.

Details of this project, the experimental design, and the EISs that will be evaluated are given in SERDP Research Final Proposal:  “Development of Ecological Indicator Guilds for Land Management, 8 February 1999”. 

4)  Progress On Selected Ecological Indicator Systems

The final proposal identified five major EISs, and one of them “Ecological Test Systems” consisted of five different test systems based on ecophysiological stress performance or response.  To reduce confusion, I suggest that all of these systems/subsystems be called EIS’s.  Therefore, we have nine independent EISs, and the integration of all of these into a “Guild System” will correspond to the 10th EIS.  These are listed below with PI responsibility and firdt quarter 2000 progress.

Ten Ecological Indicator Systems:
The following order does not have any particular significance.

1)  Developmental Instability

D. Carl Freeman and John H. Graham





I was in the field with Carl Freeman and John Graham at Fort Benning on 19-29 July 1999.  We selected Bonham Creek as a major watershed that has been subjected to a high degree of soil and vegetation disturbance from military tactical vehicles and training maneuvers.  Within this watershed we selected six study sites: two of each representing severe, moderate, and light environmental damage from training activities.  We also selected two species of plants that not only possessed a wide distribution throughout the Bonham Creek watershed, but also could be found in highly disturbed to unimpacted sites.  These species were winged sumac (Rhus copallina) and muscadine grape (Vitis rotundifolia), and should also be distributed throughout the Fort Benning landscape.  We analyzed a subset of the winged sumac data for Developmental Instability in response to the 3-level gradient of environmental impacts.  These data were presented at the SERDP research review in August 1999.

Subsequent to that time John Graham collected additional specimens of winged sumac on 22-24 October 1999.

Carl Freeman is finishing analyzing the complete data set for both of these species in the first quarter of 2000, and is working on a report.

Also during the 19-29 July 1999 field work, John Graham collected a variety of arthropods, particularly grasshoppers, using sweep-net surveys at all of the above sites.  He identified the specimens and assessed their potential for DI studies.  John Graham summarized this work in his first quarter 2000 quarterly report.

This research will continue and be extended into more study sites in the spring of 2000.

2)  Functional Diversity and Biomass of Microbial Activity

John C. Zak






John Zak has been experimenting with fungal and bacterial culture media and microbial growth parameters to improve the economy and efficiency of the intensive laboratory work necessary in this use of microbial organisms for evaluating ecological function. 

Additionally, he is working on linking abiotic data from field sites to microbial activity and microbial functional diversity.  Much of the efforts have been on devising quantitative approaches and model development so that we have a conceptual framework to test and work from when field research is initiated in the second quarter of 2000.  In particular, data sets from the Big Bend Watershed Program were used to evaluate several statistical approaches for linking microbial biomass and microbial functional diversity to soil moisture, soil organic matter levels, and soil nitrate and ammonium levels.

3)  Nutrient Flux/Leakage – Nitrogen

David A. Kovacic





Dave Kovacic has been exploring the potential of using activated-resin bag samplers for quantifying nitrogen flux measurements.  He is also comparing the advantages and disadvantages of this method with his developed technique using soil lysimeters.  He is also refining laboratory techniques and logistics to analyze field samples.

4)  Plant Physiology:
Stress Metrics:  Respiration and Stomatal Conductance

                                        Primary Productivity – Photosynthetic Efficiency

D. Carl Freeman





Progress unknown.

5)  Community Interactions and Integrity

Anthony J. Krzysik and




John M. Emlen / Jeff J. Duda





No progress in the first quarter of 2000.  This component of Ecological Indicator Systems requires additional field experience, and will become effective in the second year of the research.

6)  Ecological Multiscale Metrics – Spatial Modeling/Analysis and GIS

Anthony J. Krzysik and

John M. Emlen / Jeff J. Duda








We have been evaluating the applicability of several software systems for spatial analysis, with an emphasis on quantifying clumping patterns or local patchiness with both landscape elements and biological populations.

A priority of mine is to acquire ESRI’s ARCVIEW 3.1 and Spatial Analyst.  I hope to have this software and analysis capability in May.  This GIS capability is essential to access the data that I have received from the ECMI monitoring program of U.S. Army – ERDC-EL.

7)  Geoindicators

Lawson M. Smith





Progress unknown.

8)  Ecofunction Groups

Anthony J. Krzysik






Current work involves classifying vertebrates and other taxa of westcentral Georgia into ecological function classes or categories.  See Appendix 1 for a preliminary assessment of Ecofunction Groups.  The existing literature, WEB data, and other databases are being utilized.  Fort Benning natural resources data and ECMI data will then be used to further refine this classification and integrate it with habitat selection and disturbance regime responses of species and clusters of species-groups.     

9)  Indicator Taxa (Communities)

Anthony J. Krzysik,





John H. Graham, and





Ann-Marie Shapiro (has dropped out of the team)
Current work involves literature searches and reviews for selecting specific taxa that show or may demonstrate the potential for quantitative or qualitative sensitivity to environmental disturbance gradients. See Appendix 2 for a preliminary assessment of taxa that show promise as Ecological Indicators.

10)  Integration of Ecological Indicator Systems

Anthony J. Krzysik




Current work involves the evaluation of structural equation modeling (SEM) and other multivariate techniques.  SEM may represent an important tool for developing interrelationships and understanding interaction associations in complex ecological systems. SEM, also know as covariance structure analysis or latent variable analysis, is a family of multivariate techniques closely associated with multiple regression and factor analysis.  SEM may also provide powerful analysis capabilities for estimating measurement errors.  This represents a critical capability, because we are basing a great deal of our experimental design on the capacity to estimate local and landscape scale variance.  Importantly, this family of models has great potential for being integrated into the spatial analysis capabilities we hope to develop, and fits well with ANOVA components and the General Linear Modeling that will be emphasized in variance estimation and significance tests.  

Fundamentally, SEM models interdependent series of multiple regression equations.  Its uniqueness in modeling is that guidance from prior knowledge, feedback from conjoint experiments or other models, or exploratory analysis is used to assist the association of independent variables with dependent variables, where in turn some dependent variables become independent variables in subsequent relationships.  SEM possesses high statistical efficiency in dealing with simultaneous multiple relationships.  SEM is related to other important analysis techniques in the following way.  In multiple regression, linear combinations of many independent variables are used to predict a single dependent variable.  Multivariate analysis of variance (MANOVA) and canonical correlation analysis take this a step further and relate many independent variables to many dependent variables, with the important constraint that there is only a single relationship between dependent and independent variables.  Only SEM models multiple relationships among both dependent and independent variables.  SEM will be used to model interrelationships, interactions, and interdependencies within and between nested hierarchical estimated parameters, derived vectors, and calculated indices; and assist General Linear Models in error term estimation.

5)  Study Site Selection in 2nd quarter 2000

The selection of additional study sites will be a major priority of our research team in the spring of 2000.  Study site selection will be based on 4 important criteria:

1) The experimental design identified in the Final Proposal.  For convenience, this is available in Appendix 3.

2) The general guidelines that we developed in the ECMI Workshop at Waterways Experiment Station.

a) Ecosystem Characterization and Monitoring Initiative (ECMI)

Strategic Environmental Research and Development Program

Ecosystem Management Project (SEMP)

Report of Research Workshop, 26-28 January 1999, Vicksburg, MS

U.S. Army – ERDC - EL and CERL, April 1999

b) Design Document for Long-Term Monitoring Program, Fort Benning, GA

ECMI, SEMP

U.S. Army – ERDC – EL and CERL, June 1999


c)   Site selection currently being done by ECMI, U.S. Army – ERDC-EL 

3) Important study sites for consideration will be those sites already selected by the two other research teams working with Ecological Indicators, University of Florida and Oak Ridge National Laboratory.

4) Specific or specialized needs of individual PIs for their specific Ecological Indicator System.  However, we must be careful on this criterion, because a critical component of this research project is the integration of all nine individual Ecological Indicator Systems.

Appendix  1

Potential Ecofunction Groups for Southeastern United States

in Terrestrial, Riparian, and Lotic-Aquatic Ecosystems

Ecofunction Group


Terrestrial


Riparian


Aquatic
Woodpeckers



High



High


Med

Snakes




High



High


High

Amphibians



High



High


High

Fish
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High


High

(trophic groups)




Carabid Beetles


High



High
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Spiders




High



High
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Ants




High
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No

Bees and wasps


High
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No

Oligochates



High



High


High

Nematodes




High



High


High

Aquatic Insects


Med
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High

(trophic groups)

Bivalves




Med



High


High

Gastropods



High



High


High

Forbs

(succession groups)


High



High


No

Forbs

(wetland groups)


High



High
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Woody Life Forms


High



High


Low

Exotic Forbs



High



High


Low

Appendix  2

Potential Taxa for Indicator Species for Southeastern United States Terrestrial, Riparian, and Lotic-Aquatic Ecosystems

Indicator Taxa


Terrestrial


Riparian


Aquatic
Birds




High



High


Med

Reptiles




High



High


High

Amphibians



High



High


High

Fish




Med



High


High

Terrestrial Insects


High



High


No

Spiders




High



High


Low

Litter Invertebrates


High



High


No

Nematodes




High



High


High

Aquatic Insects


Med



High


High

(benthic)

Aquatic Insects


Low



High


High

(wood substrates)

Bivalves




Med



High


High

Gastropods



High



High


High

Exotic Species



High



High


High

Native Forbs



High



High


No

Exotic Forbs



High



High


No

Lichens




High



High


No

Appendix  3
Experimental Design

Study Area: The study area will focus on Fort Benning, Georgia and appropriate surrounding landscapes.  The installation is located in the Upper Coastal Plain physiographic province or Southeastern Biotic Province of Brown et al. (1998).  The fall line separating the coastal plain and piedmont is located along the northern boundary of the installation.  The proximity of the piedmont and the inclusion of three physiography elements (sand hills, loam hills, and clay hills) at the installation challenges experimental design, study site selection, and ecological interpretations.  The intersection of Southeastern physiographic provinces increases biological diversity (Krzysik 1993), and landscape boundaries provide important opportunities for ecological investigations (Holland et al. 1991, Hansen and di Castri 1992).

Study Sites: Eight study sites will be selected, each based on 3rd-4th order watershed landscapes.  Six will be located in sand hills physiography.  Two of these will represent reference sites (controls) where there has been minimal or no military training activities.  The other four will represent a military training disturbance-gradient ranging from light to heavy-use training activities.  Disturbance will be judged by visual effects to native vegetation and soils.  Two additional reference sites will be selected outside of Fort Benning in the Coastal Plain, but not in sand hills physiography.  These sites will be used to assess physiographic-based variability on the developed ecological indicator systems.

Study Plots:  At each of the watershed sites, three ecosystems will be sampled: uplands, riparian, and lotic-aquatic.  Each of these ecosystems is heterogeneous (i.e., consists of macrohabitats).  For example, the uplands consist of pine-hardwood mosaics of different vegetation associations or alliances.  These alliances will be termed macrohabitats.  Samples in each of these macrohabitats will be defined as study plots.

Additionally, another hierarchical sampling tier represents replicate sampling conducted within each study plot.  The number of spatial and temporal replicates will be a direct function of spatial heterogeneity, and the specific ecological indicator system employed.  Although the research team has fundamental knowledge of the experimental methods and requirements of these test systems, specific details will be worked out in a team workshop.

The experimental design consists of the spatial and temporal variance component analysis of the following hierarchy:

Conceptual Model
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SERDP Research Project:

Development of Ecological Indicator Guilds for Land Management
PI Names, Addresses, Telephone Numbers, and e-mails

Harold E. Balbach

U.S. Army - ERDC-CERL

P.O. Box 9005

Champaign, IL  61826

h-balbach@cecer.army.mil


800-USA-CERL, Ext. 6785;
217-373-6785

FAX
217-373-4520

Jeff J. Duda

USGS-BRD-WFRC

6505 NE 65th Street

Seattle, WA  98115

jeff_duda@usgs.gov


206-526-6282, Ext. 233

FAX
206-526-6654


John M. Emlen

USGS-BRD-WFRC

6505 NE 65th Street

Seattle, WA  98115

john_emlen@usgs.gov


206-526-6560

FAX
206-526-6654


D. Carl Freeman

Department of Biological Sciences

Wayne State University

Detroit, MI  48202

cfreeman@sun.science.wayne.edu


313-577-2793

FAX
313-577-6891

John H. Graham

Department of Biology

P.O. Box 490446

Berry College

Mount Berry, GA  30149

jgraham@berry.edu


706-290-2671

FAX
706-238-7855

Dave A. Kovacic

Department of Landscape Arcitecture

101 Buell Hall

University of Illinois

Champaign, IL  61820

dkovacic@uiuc.edu


217-244-5133

FAX
217-244-4568

Anthony J. Krzysik

Embry-Riddle Aeronautical University

School of Arts and Sciences

3200 Willow Creek Road

Prescott, AZ  86301

krzysika@cableone.net

krzysit@pr.erau.edu


520-708-6987

FAX
520-708-3827

Home
520-777-2106

Lawson M. Smith

U.S. Army - ERDC-GL

3909 Halls Ferry Road

Vicksburg, MS  39180

smithl@ex1.wes.army.mil

601-634-2497

FAX
601-634-3153

John C. Zak

Department of Biology

P.O. Box 43131

Texas Tech University

Lubbock, TX  79409

yzjoz@ttacs.ttu.edu


806-742-2718

FAX
806-742-2963
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A.J. Krzysik, H.E. Balbach, M. Brown, J.J. Duda, J.M. Emlen

D.C. Freeman, J.H. and K. Graham, D.A. Kovacic, L.M. Smith, J.C. Zak

SERDP-EI Research Team   

This quarterly report represents a summary of research team progress in the SERDP Research project “Development of Ecological Indicator Guilds for Land Management” for the second quarter of 2000, 1 April – 30 June.

The purpose of this integrated report is to summarize our research team’s activities during the second quarter 2000.  More details on specific research efforts are available in individual researcher’s quarterly reports.  The mailing and e-mail addresses, and telephone/FAX numbers of the Principle Investigators are found in Appendix A. 

Ecological Indicators Field Research at Fort Benning: Disturbance, Ecosystems, Watersheds, and the Landscape

Three new research sites representing high, medium, and low disturbance were located in Sally Branch watershed.  This watershed lies east and adjacent to Bonham Creek watershed where we currently have six research sites (2 each, high, medium, and low disturbance).  All nine research sites were visually selected by researchers to represent a gradient of vegetation and soils disturbance by military tactical vehicles.

On the basis of the senior author’s research and experience in the Sand Hills of Fort Bragg (North Carolina), it was known that riparian and associated aquatic habitats represented an extensive landscape network of deciduous vegetation thickets within the matrix of gently rolling hills of upland pine forest.  However, Fort Benning is much more complicated.  Fort Bragg represents the northeastern extent and Fort Benning the southwestern edge of the narrow band of Sand Hills in the Upper Atlantic Coastal Plain Physiographic Province.  While the physiography of Fort Bragg is consistent Sand Hills, the landscape of Fort Benning represents the intersection of three physiographic units: Sand Hills from the northeast, Piedmont from the north, and Loomy Hills from the west.  Our research sites in the Delta training ranges of the eastcentral portion of the installation represent a gradient of military land disturbance in Sand Hills physiography.

The majority of military training exercises occur on the upland ridges of the installation, adjacent to the well-traveled roads that are located on and follow the ridges.  Underwood Road is a good example, and is topographically the natural boundary between Bonham Creek watershed to the west and Sally Branch to the east.  These watersheds constitute the heavily-used Delta training ranges.  Additionally, training ranges F2 and F3 enter the southeast corner of Sally Branch.  A great deal of the training activity occurs in the vicinity of the “Cannons” and “Rowan Hill”, respectively H1 and H2, our two heavily impacted research sites.  In these watersheds, training impacts appear as disturbance-mosaics in the landscape, and despite the heavy use of the Delta training ranges, there are extensive patches where there is moderate to little or no physical disturbance.  It was an easy task to visually identify moderate and low impact research sites during our July 1999 site selection process in the Bonham Creek watershed.  

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 were involved (especially armor), 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 are 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 natural resources.  The landscape is also subjected to severe natural disturbance regimes – fires (wild, training ordinance, controlled burns), storms, and insect pest outbreaks.

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.  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.  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, the senior author is designing 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.

We are developing a protocol to quantify military training impacts by assessing damage and changes to vegetation and soils.  A preliminary definition of disturbance levels characterizing our research sites is provided in Graham, Second Quarterly Report.  The senior author will incorporate experience and methods developed to quantify ecosystem effects of military training activities in the Mojave Desert and vegetation community succession gradients in Illinois strip-mined landscapes.  Additionally, consideration will be given to the landscape characterization system developed by the ECMI research group.

Field Investigations at Fort Benning, Georgia, May-June 2000 
The ten ecological indicator systems and the Principle Investigators that are conducting research on each of the systems are summarized in Krzysik, First Quarterly Report.  

Developmental Instability and Plant Physiology

Leaves of five species: Winged (Dwarf) Sumac (Rhus copallina [R. copallinum]), Sassafras (Sassafras albidum), Mockernut Hickory, (Carya tomentosa), Man-Root [Man-of-the-Earth] (Ipomoea pandurata), and  Tred-Softly (Cnidoscolus stimulosus) were collected, pressed, and digitized for measurement.  These leaves will be used to assess fluctuating asymmetry, which has proven to be a sensitive indicator of stress.  A pilot study was initiated to assess how natural induced stress from insect galls affects fluctuating asymmetry in Mockernut Hichory leaves.  A number of parameters will be measured to assess fluctuating asymmetry of these leaves.  Additionally for this species, photosynthesis rates, transpiration, rates of stomatal conductance, and chlorophyll fluorescence were examined in the field with a portable photosynthesis system (CI 510, CID Inc., Vancouver, WA).   

An experiment was conducted to directly examine how stress influences the ability of organisms to regulate development.  Dynamic fluctuating asymmetry in Sassafras and Mockernut Hickory leaves was assessed by experimentally inducing stress in field-growing plants.  Aluminum foil was used to cover leaf halves to contrast recovery from this perturbation between a highly disturbed site (H2, Rowan Hill) and a lightly disturbed site (L1, Wildlife Plot).  The experiment also included appropriate controls.  Data analysis is in progress, but additional field and laboratory investigations need be conducted.  Preliminary results have indicated that Mockernut Hickory at H2 were more susceptible to perturbation than those at L1.

Photosynthetic rates, stomatal conductance, and fluorescence were assessed for Winged Sumac at the six research sites established in July 1999.  This data will be used to determine the covariation among these parameters and Developmental Instability. 

Terrestrial Invertebrates

Terrestrial invertebrates were sampled by Pitfall Traps, Sweep Sampling, and Selective Sweeps for Orthopterans (grasshoppers) at the research sites.  These samples of invertebrates require a great deal of time of laboratory time for sorting, classification, and and taxa identification.  The collected invertebrates will be used for studies of community patterns and developmental instability.

Interestingly, the grasshoppers sampled in highly disturbed sites were physically smaller than those captured in less disturbed sites.  This suggests the possibility of nutrient or caloric deficiencies, and experiments will be designed for the spring of 2001 to test this hypothesis.

Fish

Fish were sampled at selected localities by electro-shocking and a 15 foot seine.  Extreme care had to be taken to only collect and preserve fish that were not listed as protected species under Georgia state restrictions and U.S. Fish and Wildlife listed threatened or endangered species.  Further details are found in Graham, Second Quarterly Report.  Karr’s Index of Biotic Integrity (IBI) will be applied to fish and terrestrial plants.  Some parameters of interest can be found in Graham, Second Quarterly Report.

Karr’s Index of Biotic Integrity (IBI)

Karr’s IBI was originally designed for Midwestern fish communities.  Karr originally and firmly believed that his index would not work with aquatic or terrestrial insects or with plants (Krzysik, Jim Karr personnel communication).  Subsequently, his index has been applied to a broad variety of ecological systems, especially impact assessment using aquatic macroinvertebrates.  The IBI is ecologically fundamental and has actually been used in its general nature “subconsciously” by ecologists both before and after its formalization by Karr.  The IBI compares an impacted community with a regional reference “pristine” community by examining very basic ecological attributes: diversity, biomass, trophic complexity, indicator species, and “organism health or condition”.  Many environmental impact assessments have done very similar comparisons without realizing they preempted or were using the “IBI”.  Our construction of Ecological Indicator Guilds, as a very general case, can also be considered a multivariate construct of an “IBI”.  I cannot think of any ecological spatial contrast that would not include comparisons of species richness and equitability, trophic/ecological structure, organism viability – fitness – physiological state – or reproductive potential, and organism/community parameters that constitute user-defined metrics of indicators or condition factors.  A summary of Karr’s IBI and extensive references can be found in, Proposal: Development of Ecological Indicator Guilds for Land Management.

Nutrient Flux in the Soil and GPS Coordinates of Research Sites

Nutrient flux in the soil will be quantified from mobile soil water collected with porous cup tension lysimeters.  In May 2000, a total of 36 lysimeters were installed at our six research sites in Bonham Creek watershed.  Six lysimeters were located in each research site, three in each upland ecosystem and three in each bottomland (riparian) ecosystem.  Although nitrogen is the primary nutrient of interest, other anions and cations can be investigated.  See Kovacic, Second Quarterly Report for more details.

UTM coordinates for each lysimeter were determined with a military Rockwell AN/PSN-11 PLGR GPS receiver.  These coordinates are provided in Appendix B.  Civilian GPS units provide SPS (Standard Positioning Service) with typical error not exceeding 100m most of the time.  Nevertheless, there are times when a SPS receiver exceeds this error.  The military receivers are equipped with a “crypto key” making them PPS (Precise Positioning Service) receivers with an error not exceeding 10m.  We have made measurements with our specific instruments that were within 1m of accuracy as referenced to software-corrected base-station calibrated civilian Magellan GPS receivers.

The first samples from the lysimeters were collected 31 May 00.  The samples were frozen as soon as they were brought in from the field, and stored in the SEMP building freezer.  The samples from the lysimeters are identified in Appendix C.  These samples will be analyzed in the laboratory using a Dionex DX-120 Ion Chromatograph (Dionex Corporation).

Geoindicators

Geoindicators should provide insight into the pathways of energy and mass transport through the hydrological and terrestrial ecosystem elements of the Bonham Creek watershed.  For this research effort, specific geoindicators were identified that reflected the movement of water, sediment, and organic detritus down the energy gradient from uplands to the bottomland (riparian) areas, including the Bonham Creek stream channel.  The effect of these processes on the upland soils will be measured in two ways: monitoring of changes in microtopography and monitoring of erosion around rainsplash disks in areas of no overland flow.  Microtopography will be monitored at each of the six lysimeter sites in the six previously established research sites, and an additional site located in the southeast part of the watershed at the approximate location of E 071 2250, N 358 6750.  Changes in microtopography will be determined with a laser profilometer by time series measures along predetermined transects.  An array of rainsplash erosion disks will be established in areas of little or no surface flow at each of the seven microtopography sites.  The individual disks will be situated in a variety of exposures to reflect the apparent influence of vegetation canopies, soil type, surface geometry and other variables on the magnitude of rainsplash erosion.  Rainsplash erosion will be determined by the extent of the development of un-eroded soil pedestals beneath the disks as the soil around the disk is eroded.

Geologic processes occurring in riparian zones are important to ecosystem processes.  Deposition of sediment and organic matter in the low areas of riparian zones is the key process in soil formation in the moisture rich riparian zone.  Sedimentation traps will be located along profiles orthogonal to the strike of the valley to provide indicators of sedimentation rate as a function of distance from the source.  Riparian zones are also the product of the erosional development of the fluvial channels that flow through them.  The meandering activity of the stream as it erodes one bank and deposits sediment against another provides a useful index of the processing of energy and materials by the stream channel.  This planform measurement of stream channel dynamics provides information on the type and frequency of channel changes key to the recruitment of riparian vegetation and the evolution of aquatic habitats in the channel.  Stream channel location will be monitored for each of the three stream reaches where hydraulic geometry measurements will be made.

Stream channels are the lower unit of the energy and mass cascade across the landscape.  Streams represent the arteries of terrestrial systems where mass transport and energy dissipation is focused.  As stream channels transport and temporarily store sediment, water, and organic matter, they provide distinctive aquatic conditions for plants and animals.  The key ecological geoindicators for stream channels include: streamflow, water chemistry, sediment transport, and the geometric properties of the channel cross-section.  The hydraulic geometry of Bonham Creek will be monitored at eight cross-sections in each of three channel reaches.  The three reaches have been selected to reflect conditions in the upper, middle, and lower parts of the watershed.  An additional consideration for selecting the locations of the three reaches was to examine the impact of road development, maintenance, and use on sediment contribution to local streams.  Field observations throughout Fort Benning suggest that unimproved roads contribute substantial sediment loads to streams.  Changes in the hydraulic geometry of the channel cross-section over time will be determined by measurement of channel profiles and calculation or determination of widths, depths, width/depth ratio, hydraulic radius, area, and roughness.  As each of the 24 channel cross-sections are measured, streamflow velocity distribution will be determined, water chemistry parameters will be monitored, and bed samples will be obtained.

Additional details in the application of geoindicators can be found in Smith, Second Quarterly Report.

Soil Bacterial and Fungal Diversity

Soil samples were collected during 25-29 May 2000 at the vicinity of the 36 lysimeters at the six research sites established in Bonham Creek watershed.  Details of the soil collection method can be found in Zak, Second Quarterly Report.  The following parameters are being measured in the laboratory: soil moisture, pH, extractable NO3 and NH4, soil organic matter, bacterial functional diversity, fungal functional diversity, and microbial biomass.  Currently, statistical analyses of the data are being conducted.

Preliminary data analysis suggest that the high disturbance sites have the highest bacterial functional diversity and the lowest fungal functional diversity.  Analysis of intrasite differences between upland and bottomland subsites is continuing.  The highest and most variable microbial biomass measurements were found in the upland portion of the high disturbance H2 site.  There were no substantial differences at this sampling period in microbial biomass carbon from the other five upland locations regardless of disturbance.  However, higher microbial biomass values were obtained in the bottomland locations for the two moderate disturbance sites (M1 and M2), as well as for, the other high disturbance site, H1.  The lower levels of microbial biomass in the Low Disturbance sites are indicative of soils for which an equilibrium between carbon inputs from plants and the breakdown of soil carbon in decomposition has been established.

Soil nitrate levels across all sites were low compared with other deciduous forest locations. The lowest levels of soil nitrate were found in the high disturbance research sites.  There were no differences in NO3 levels among low and moderate disturbance sites.  Except for the moderately disturbed M2 site, there were no substantial differences between upland and bottomland subsites within specific research sites.  The highest NO3 levels were detected in the upland area for site M2.

Vertebrates as Ecological Indicators   
Vertebrates have been reliably and effectively used as Ecological Indicators for over a century, but caution is required in the application and interpretation of field data (see Proposal: Development of Ecological Indicator Guilds for Land Management).  Birds represent ecological indicators at two levels: habitat condition and degradation and disturbance associated with human activities, noise, or chemical substances.  Two taxa of birds were originally identified as having high potential for ecological indicators: woodpeckers and wood warblers.  However, all avian breeding species have potential for representing ecological indicators.  Species that are migratory, over-wintering, and casual transients in westcentral Georgia are typically not useful as ecological indicators, because they generally tolerate broad and unpredictable habitat conditions.

A preliminary investigation of birds at Fort Benning in May 2000 indicated that the “expected” species are present even in forest habitats close to heavily used training areas.  See Krzysik, Second Quarterly Report for more details.

Reptiles and amphibians represent potentially valuable ecological indicators.  There are both significant advantages and disadvantages to their use as species, community, and functional ecological indicators.  See Krzysik, Second Quarterly Report for more details.

Vertebrates will be extensively studied both in the field in 2001 and from already existing Fort Benning databases. 

Important Natural History Field Observations at Fort Benning, May 2000 

See Krzysik, Second Quarterly Report for a summary of natural history the field observations.

Integration and Classification of Individual Ecological Indicators to Construct Ecological Indicator Guilds

The following summary is repeated from Krzysik, First Quarterly Report, because some reviewers were under the impression that our research team was searching for a single “optimal indicator”.  Nothing could be further from the truth.  Our Ecological Indicators Team is researching nine different categories of “Ecological Indicator Systems” (see Krzysik, First Quarterly Report).  Within EACH of these systems there is the potential for a large number of independent or closely related ecological indicators.  Our 10th system consists of the classification and integration of all of these nine “Ecological Indicator Systems” along with their respective subsystems.

The development of these classifications and their integration (Ecological Indicator Guilds) represents a major component of my research effort and goal in this project.  Current work involves the evaluation of structural equation modeling (SEM) and other multivariate techniques.  SEM may represent an important tool for developing interrelationships and understanding interaction associations in complex ecological systems. SEM, also know as covariance structure analysis or latent variable analysis, is a family of multivariate techniques closely associated with multiple regression and factor analysis.  SEM may also provide powerful analysis capabilities for estimating measurement errors.  This represents a critical capability, because we are basing a great deal of our experimental design on the capacity to estimate local and landscape scale variance.  Importantly, this family of models has great potential for being integrated into the spatial analysis capabilities we hope to develop, and fits well with ANOVA components and the General Linear Modeling that will be emphasized in variance estimation and significance tests.  

Fundamentally, SEM models interdependent series of multiple regression equations.  Its uniqueness in modeling is that guidance from prior knowledge, feedback from conjoint experiments or other models, or exploratory analysis is used to assist the association of independent variables with dependent variables, where in turn some dependent variables become independent variables in subsequent relationships.  SEM possesses high statistical efficiency in dealing with simultaneous multiple relationships.  SEM is related to other important analysis techniques in the following way.  In multiple regression, linear combinations of many independent variables are used to predict a single dependent variable.  Multivariate analysis of variance (MANOVA) and canonical correlation analysis take this a step further and relate many independent variables to many dependent variables, with the important constraint that there is only a single relationship between dependent and independent variables.  Only SEM models multiple relationships among both dependent and independent variables.  SEM will be used to model interrelationships, interactions, and interdependencies within and between nested hierarchical estimated parameters, derived vectors, and calculated indices; and assist General Linear Models in error term estimation.

GIS technologies, spatial analysis, and spatial models will be used to interpret ecological, chemical, and physical field measurements, and assist in the construction of Ecological Indicator Guilds.  

Appendix  A

SERDP Research Project:

Development of Ecological Indicator Guilds for Land Management
PI Names, Mailing and E-Mail Addresses, and Telephone Numbers

Harold E. Balbach

U.S. Army - ERDC-CERL

P.O. Box 9005

Champaign, IL  61826

h-balbach@cecer.army.mil


800-USA-CERL, Ext. 6785;
217-373-6785

FAX
217-373-7266

Jeff J. Duda

USGS-BRD-WFRC

6505 NE 65th Street

Seattle, WA  98115

jeff_duda@usgs.gov


206-526-6282, Ext. 233

FAX
206-526-6654


John M. Emlen

USGS-BRD-WFRC

6505 NE 65th Street

Seattle, WA  98115

john_emlen@usgs.gov


206-526-6560

FAX
206-526-6654


D. Carl Freeman

Department of Biological Sciences

Wayne State University

Detroit, MI  48202

cfreeman@sun.science.wayne.edu


313-577-2793

FAX
313-577-6891

John H. Graham

Department of Biology

P.O. Box 490446

Berry College

Mount Berry, GA  30149

jgraham@berry.edu


706-290-2671

FAX
706-238-7855

Dave A. Kovacic

Department of Landscape Arcitecture

101 Buell Hall

University of Illinois

Champaign, IL  61820

dkovacic@uiuc.edu


217-244-5133

FAX
217-244-4568

Anthony J. Krzysik

Embry-Riddle Aeronautical University

School of Arts and Sciences

3200 Willow Creek Road

Prescott, AZ  86301

krzysika@cableone.net

krzysit@pr.erau.edu


520-708-6987

FAX
520-708-3827

Home
520-777-2106

Lawson M. Smith

U.S. Army - ERDC-GL

3909 Halls Ferry Road

Vicksburg, MS  39180

smithl@ex1.wes.army.mil

601-634-2497

FAX
601-634-3153

John C. Zak

Department of Biology

P.O. Box 43131

Texas Tech University

Lubbock, TX  79409

yzjoz@ttacs.ttu.edu


806-742-2718

FAX
806-742-2963

Appendix  B

UTM Coordinates of Lysimeters in the Six Research Sites at Bonham Creek Watershed 

UTM Section 16S

The table below provides the last 4 digits of the UTM coordinates, the first three digits are:

Easting
071

Northing
358 

	Site
	Location
	Lys. Num.
	Easting
	Northing

	L1
	uplands
	1
	0533
	8178

	L1
	uplands
	2
	0540
	8158

	L1
	uplands
	3
	0528
	8141

	L1
	bottom
	4
	0452
	8189

	L1
	bottom
	5
	0440
	8176

	L1
	bottom
	6
	0426
	8151

	L2
	uplands
	1
	0438
	5863

	L2
	uplands
	2
	0449
	5870

	L2
	uplands
	3
	0461
	5893

	L2
	bottom
	4
	0490
	5823

	L2
	bottom
	5
	0505
	5869

	L2
	bottom
	6
	0510
	5855

	M1
	uplands
	1
	0334
	6833

	M1
	uplands
	2
	0345
	6845

	M1
	uplands
	3
	0353
	6856

	M1
	bottom
	4
	0397
	6798

	M1
	bottom
	5
	0388
	6808

	M1
	bottom
	6
	0371
	6839

	M2
	uplands
	1
	1891
	8738

	M2
	uplands
	2
	1866
	8728

	M2
	uplands
	3
	1854
	8705

	M2
	bottom
	4
	1835
	8818

	M2
	bottom
	5
	1825
	8816

	M2
	bottom
	6
	1819
	8803

	H1
	uplands
	1
	2568
	7568

	H1
	uplands
	2
	2507
	7561

	H1
	uplands
	3
	2500
	7545

	H1
	bottom
	4
	2541
	7689

	H1
	bottom
	5
	2549
	7670

	H1
	bottom
	6
	2517
	7660

	H2
	uplands
	1
	1155
	7623

	H2
	uplands
	2
	1136
	7639

	H2
	uplands
	3
	1135
	7644

	H2
	bottom
	4
	1185
	7642

	H2
	bottom
	5
	1183
	7652

	H2
	bottom
	6
	1181
	7655


Appendix  C

First Lysimeter Samples, 31 May 2000

	Sequence
	Site
	Location
	Lys. Num.
	Lysimeter
	Notes

	1
	L1
	uplands
	1
	0
	

	2
	L1
	uplands
	2
	0
	

	3
	L1
	uplands
	3
	0
	no tape: added tape

	4
	L1
	bottom
	6
	1
	extra water

	5
	L1
	bottom
	5
	trace
	web worms in short vac tube

	6
	L1
	bottom
	4
	0
	

	7
	M1
	uplands
	1
	0
	

	8
	M1
	uplands
	2
	0
	

	9
	M1
	uplands
	3
	0
	no vac, but held pressure

	10
	M1
	bottom
	6
	0.25
	

	11
	M1
	bottom
	5
	0
	

	12
	M1
	bottom
	4
	0.25
	

	13
	H2
	uplands
	3
	0
	

	14
	H2
	uplands
	2
	0
	

	15
	H2
	uplands
	1
	0
	

	16
	H2
	bottom
	4
	0
	

	17
	H2
	bottom
	5
	0
	

	18
	H2
	bottom
	6
	0
	

	19
	L2
	uplands
	3
	0
	

	20
	L2
	uplands
	2
	0
	

	21
	L2
	uplands
	1
	0
	

	22
	L2
	bottom
	4
	0
	

	23
	L2
	bottom
	5
	0
	

	24
	L2
	bottom
	6
	0
	

	25
	H1
	uplands
	1
	1
	~ 2 bottles

	26
	H1
	uplands
	2
	0
	

	27
	H1
	uplands
	3
	0.25
	

	28
	H1
	bottom
	6
	0
	

	29
	H1
	bottom
	5
	0
	

	30
	H1
	bottom
	4
	0.5
	

	31
	M2
	uplands
	1
	0.1
	

	32
	M2
	uplands
	2
	0
	

	33
	M2
	uplands
	3
	0
	

	34
	M2
	bottom
	6
	1
	~ 3 bottles

	35
	M2
	bottom
	5
	1
	~ 3 bottles

	36
	M2
	bottom
	4
	1
	~ 3 bottles

	
	
	
	
	
	All left at 30 CB vac

	
	
	
	
	
	31-May-00

	
	
	
	
	
	start:  0945

	
	
	
	
	
	end:  1630

	
	
	
	
	
	UTM Zone:  16S

	
	
	
	
	
	1 = full bottle collected

	
	
	
	
	
	0.5 ~ 1/2 bottle collected

	
	
	
	
	
	0.25 ~ 1/4 bottle collected

	
	
	
	
	
	0.1 ~ small amount collected 


2
2

