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Special Technology Development Program

New Project Proposal

PROJECT NUMBER (Region-year-sequential number/priority): R8-2003-05

PROJECT TITLE:  Geostatistical analysis of the effect of oak wilt on the golden cheeked warbler habitat using large scale variables. 

PROJECT STATUS: New

EXPECTED PROJECT DURATION: Two years  

EXPECTED COMPLETION DATE OF THE PROJECT:  FY-2004

SUBJECT: 

	1. Total Suppression/Prevention Technology
	20%
	
	2. Survey and Monitoring Technology
	35%
	

	a. Total Biological Control

i. Microbial %

ii. Parasitoides %

iii. Synthetic hormones/pheromones %

iv. Other %
	
	
	a. Advancements in Detection Technology 
	
	

	v. 
	
	
	b. Landscape Level Assessment Technology

i. Data Visualization 
	
	20%

	b. Total Modeling

i. Pesticide (Insecticide) Application %

ii. Disturbance %

iii. Growth and Yield %

iv. Organism  %

v. Population %

vi. Terrain %
	
	
	c. Remote Sensing

i. Aerial %

ii. Hyperspectral %

iii. Satellite %
	
	15%

	vii. 
	
	20%
	d. Other


	
	

	c. Genetic, Cultural and Silvicultural Innovations 

For Controlling Pest Species

i. Fire %

ii. Methyl Bromide Alternatives %

iii. Thinning/Regeneration Techniques and other Silvicultural Guidelines %

iv. Resistance, Screening, and Breeding %
	
	
	3. Assessment Technology
	45%
	

	v. 
	
	
	a. GIS %

b. Spatial Analysis % 

c. Landscape Analysis %

d. Decision Support % 

Risk and Hazard %

Expert Systems %
	
	10%
15%
10%


10%


	d. Pesticide Application (Spray) Technology

i. Equipment innovations %

ii. Methods and Guidelines %
	
	
	4. Social Values
	
	

	iii. 
	
	
	5. Technology Transfer Innovations
	
	

	e. Other


	
	
	6. Other


	
	


STATUS OF SUBJECT SPECIES:  Native

PROJECT OBJECTIVES:  

1. To develop an oak wilt infection intensity model. 

2. To quantify the impact of oak wilt on the habitat of the golden cheeked warbler, an endangered species, to improve forest resource management.

BRIEF DESCRIPTION OF PROJECT:  
The primary components of this project include an infectious forest disturbance (oak wilt, caused by Ceratocystis fagacearum), an indicator of forest health (the endangered avian species, the golden cheeked warbler), and their coexistence in a large tract of Central Texas savannah located within the Ft. Hood Military Installation, TX.  The project proposes to study the impact of oak wilt on the golden cheeked warbler, GCW, habitat utilizing remote sensing, Geographic Information System (GIS) and geostatistical analyses.

Milestone activities and accomplishments:

OBJECTIVES 1 and 2

· Obtain satellite imagery.

· Obtain relevant ancillary data for the independent variables (i.e. disturbance, hydrology, physical, biotic and landscape).

· Conduct systematic regular sampling in the field for each of four classes: within GCW habitat with oak wilt, within GCW habitat without oak wilt, not within GCW habitat with oak wilt, and not within GCW habitat without oak wilt. 

· Collect disturbance, physical, and biotic information at each field plot location

· Increase sampling intensity for under-sampled categories to attain equal number of samples in each category

· Create sample point database.

OBJECTIVE 1
· Conduct spatial analysis using geostatistics.

· Build final oak wilt model using ArcView Spatial Analyst.

· Create oak wilt intensity surface.

· Publish findings 

OBJECTIVE 2

· Conduct spatial analysis using geostatistics to determine the variables most associated with GCW habitat

· Build final GCW habitat model

· Create GCW habitat surface

· Use areal association to determine the amount of GCW habitat acreage being impacted by oak wilt 

· Determine the potential spread of oak wilt into GCW habitat

· Estimate the impact of oak wilt on GCW populations

· Publish findings.

FHP LEAD CONTACT):

Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax

Dale Starkey
USDA Forest Service, Southern Region
(318) 473-7293


State & Private Forestry, Forest Health
dstarkey@fs.fed.us


Protection
(318) 473-7292


2500 Shreveport Highway


Pineville, LA 71360

FHP LEAD INVOLVEMENT:


Role

Time Commitment

Dale Starkey
Field Office Contact – Administrative
1-2 weeks

PRINCIPAL INVESTIGATOR(S):

Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax

Dr. David N. Appel
2132 Dept. of Plant Pathology and
(979) 845-8273


Microbiology
appel@ppserver.tamu.edu


Texas A&M University
(979) 845-6483


College Station, TX  77843

Ms. Kim Camilli
1101 Camino la Costa Rd Suite 215


Texas Forest Service
(512) 371-7011


P.O. Box 15083
kcamilli@tfs.tamu.edu


Austin, TX  78761
(512) 451-6946

Marla C. Downing
2150 Centre Ave. Bldg. A Suite 331
(970) 295-5843


US Forest Service
mdowning@fs.fed.us


Fort Collins, CO 80526

Robin Reich
Colorado State University
(970) 491-6980



Department of Forest Science


Fort Collins CO  80523

Vernon L. Thomas
2150 Centre Ave. Bldg. A Suite 334
(970) 295-5866


US Forest Service


Fort Collins, CO 80526

PRINCIPAL INVESTIGATOR(S) INVOLVEMENT:

Name
Role

Time Commitment

Dr. David Appel
Field operations, ground truthing,
20%


diagnosis, survey work

Ms. Kim Camilli
Photointerpretation, data acquisition,
20%


statistical analysis, survey work

Marla C. Downing
Geostatistical Analysis, remote sensing,
25%


and field survey work

Robin Reich
Geostatistical Analysis, and survey work
10%

Vernon L. Thomas
Geostatistical Analysis, GIS and remote
30%


sensing, and field survey work

COOPERATORS: 

Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax

Mr. John D. Cornelius
U.S. Army, III Corps and Ft. Hood
(254) 287-1088


Program Director for Endangered Species
John.Cornelius@hood.army.mil


Management, DPW, Natural Resources 


Branch, Bldg.,  1939


Ft. Hood, TX  76544

Mr. Steve Jester
The Nature Conservancy, Texas Chapter


Project Director, Ft. Hood Project


P.O. Box 5190


Ft. Hood, TX  76544

COOPERATOR INVOLVEMENT:

Name
Role

Time Commitment


Mr. John Cornelius
Facilitate site access, provide tech
Minor, administrative


support concerning Golden Cheeked


Warbler.


Mr. Steve Jester
Consult on provision of satellite imagery, 
Minor, administrative


provide advice on site characterization.

JUSTIFICATION:  The goal of this project is developing new analytical approaches to address forest health issues that affect the sustainability of forest ecosystems.  The procedures and techniques are innovative ways to rapidly respond to forest health threats over large areas.  The information generated by this project will aid in decision making for management options to lessen the damages caused by native insects and pathogens, thus avoiding unacceptable losses of forest resources. 

URGENCY:  In 1990, the Golden Cheeked Warbler (GCW) was designated as an Endangered Species.  At that time, a formal management plan for restoration of the GCW was proposed, including the call for research into the impact of oak wilt on GCW habitat.  Twenty years later, there have been no studies conducted to accomplish the original objectives concerning oak wilt and the GCW.  This current project would directly address those concerns.  Recent surveys have illustrated the high degree of oak wilt incidence and severity on Ft. Hood.  GCW habitat is currently sustaining an invasion of the oak wilt pathogen, and there is a critical need to establish a baseline of survey data on which future impact assessments can be made.  Continued delay in establishing those data would jeopardize our ability to predict the course of the epidemic, the impact on habitat, and the development of reasoned management plans.
NATIONAL FHP TECHNOLOGY DEVELOPMENT PRIORITY:  
Priority 1: __
Priority 2: __
Priority 3: _X_
Priority 4: _X_

Priority 3:  Develop techniques to quantify the impact (forest structure and function) of pest species as disturbance agents….

The proposed project is designed to determine whether the habitat of a federally –listed endangered species is a threatened by an infectious forest disturbance agent.  The endangered species, the Golden Cheeked Warbler (Dendroica chrysoparia), is considered to be an indicator of a healthy, Ashe Juniper - Oak woodland.  This bird is dependent upon feeding and nesting traits, which relate directly to stand structure.  The disturbance agent, oak wilt, has direct influence on stand structure that in turn may impact the survival of the endangered species.  The relationship between the disturbance and habitat integrity have not been previously quantified.  This gap in understanding was identified as a critical deficiency in implementation of the Golden Cheeked Warbler Recovery Plan (Keddy-Hector, 1992).  The impact will be measured in terms of tree mortality and survival, habitat fragmentation (edges and gaps), and the regeneration of relevant tree species.  Rates of loss will be measured by comparing current disease levels with those levels of disease established in a previous study.

Priority 4:  Develop or improve detection, analysis and management of pest species…

Effective disease management in a natural forest environment depends on a thorough understanding of pathogen epidemiology and the potential impact that pathogens may have on ecosystem structure and function.  Natural resource managers must be able to predict the long-term consequences of their choices for minimizing the levels of disturbance and subsequent losses of trees.  It is becoming increasingly common that they must contend with complex systems of multiple use and shifting resource values that are often contradictory and make disease control efforts difficult to implement.   The analytical techniques employed in the proposed project are designed to improve risk assessment technology in the case of a complicated resource issue.  This project provides for improving the ability to predict the incidence (nos. of new disease centers) and intensity (rates of expansion and losses of trees) of a disturbance, thus creating an invaluable tool in the decision making process.  
TECHNICAL COMMITTEE DEVELOPMENT PRIORITY:  

Priority 1: _X_
Priority 2: _X_
Priority 3: __
Priority 4: __



Priority 5: _X_
Priority 6: _X_
Priority 7: _X_
Priority 8: _X_

SCOPE OF APPLICATION:  The procedures and techniques used in the proposed project will be useful to any forest health problem where a continuing disturbance is affecting the sustainability of ecosystem function.  The protocol being tested in the project will result in the development of practical management options.  The project serves as an example of quantifying the risk of allowing the disturbance to spread and assessing that risk against the cost and benefits derived from implementing management decisions.  Such an analysis may be applied to any forest disturbance where management is an option but must be weighed against the costs.

RESEARCH BASIS:  The epidemiology of oak wilt has been well researched (Appel, 1995a; Appel, 1995b and Gibbs and French, 1980) in Texas.  Species composition plays an essential role in the epidemiology of oak wilt. Local (root transmission) and/or long distance (Nitidulid beetle) spread rates are based on forest stand structure. Not only is species composition important, environmental variables such as soil type, aspect, slope and contour, and disease centers have had positive correlations (Bowen and Merrill, 1982; Cones, 1968 and Gillespie and True, 1959).  Our understanding of the spatial characteristics of this tree disease can be improved through the use of GIS and geostatistical techniques. Until recently predictions of spread have been made based upon the spatial pattern and history determined from ground surveys. Geostatistical analysis for this project will improve predictions of the epidemiology of this pathogen. Regression tree analysis will likely be utilized to describe the large scale variability in the study area.  Regression tree classification is appropriate for natural resource applications as it is a non-parametric approach to regression that compares all possible splits among the independent (continuous) variables using a binary partitioning algorithm that maximizes the dissimilarities among groups (Hansen et al. 1996, De’Ath and Fabricius 2000).  These techniques have been recently used to study forest goshawk habitat (Joy et al, 2003). 

METHODS:
Hypothesis: Oak woodlands of Central Texas are undergoing long-term permanent changes in stand structure due to the impact of an infectious disturbance (oak wilt) and having long-term consequences on core habitat and survival of an endangered species (Golden Cheeked Warbler).

A systematic grid will be implemented in the field to conduct regular sampling with a 30 meter fixed area cluster sample plots with 10 meter subplots.  Plot information will be collected in each of four classes; 1) within GCW habitat with oak wilt, 2) within GCW habitat without oak wilt, 3) not within GCW habitat with oak wilt, and 4) not within GCW habitat without oak wilt. 

Relevant data will be obtained at the plots for both the dependent and independent variables under consideration.  Information collected will include, tree diameters greater then 2cm in DBH, tree species identification, symptom development of infected trees, dominant understory species, (Benjamin and Manion, 2001 and Manion and Griffin, 2001), fire disturbance, additional biotic factors (key understory species identification, and understory height) and mating type analysis of the pathogen.

Other existing ancillary data will be obtained for hydrology (e.g. distance to water), physical (e.g. soils, slope, aspect, concavity, etc), and landscape variables (SPOT 10 meter, and possibly TM 30 meter multispectral satellite imagery,). 

A database will be created to link all the data collected in the field as well as information from the ancillary data sets to the specific sample locations in the field.  This will become our sample point database.  The sample point database will then be exported into S-Plus to conduct geostatistical analyses.  Analyses will be conducted using non-parametric statistics, which are more appropriate for studies that have a spatial dimension.

Two models and a raster surface will be created. The first will depict known and potential locations for oak wilt infection and intensity, the second to identify known and potential GCW habitat within our study area.  

Areal spatial association will be used to predict the amount of GCW habitat acreage impacted by oak wilt.

QA/QC procedures:  All field operations, laboratory protocols, and computer analyses will be thoroughly documented and recorded.  Back-up of all computer operations will be regularly conducted.  All records will be available for inspection and reporting requirements will be maintained according to the terms of the contract.  All lab facilities and relevant workspaces are audited and maintained within the framework of the Texas A&M University System.

MEASURES OF SUCCESS:

Standard of Success:  Accuracy Assessment will be conducted using known oak wilt locations and GCW locations held out from the original analyses.  The percentage of oak wilt and GCW locations identified by the model will be reported.  
Expected Outcomes:  One outcome will be to improve our understanding of the impact of oak wilt on GCW habitat in response to the need expressed in the GCW Recovery Plan.  In the present context, the project will deliver a well-documented, reliable management plan to minimize spread of a major infectious disturbance and reduce losses of valuable trees.  It is further expected that the model used in this project can be applied to any ongoing site disturbance at the landscape level where complicated natural resource values make management decisions difficult to formulate and implement.

Implementation of Products/methods:  The results of this project will be used to formulate management plans for the control of oak wilt in GCW habitat at Ft. Hood.  Upon publication of the results of the project, the model will be available for use by other natural resource managers for dealing with similar complex problems.

PRODUCTS AND DUE DATES: Publications will be completed within a year following termination of the project (2005).

PUBLICATIONS:   The results of these analyses and applications will be published in peer reviewed journals, e.g. Journal of Forestry, Forest Science, Plant Disease or the Southern Journal of Applied Forestry.  Reports of the work will be made available to cooperators at Ft. Hood, The Nature Conservancy, to Staff Foresters with the Texas Forest Service, and to County Extension Agents with Texas Cooperative Extension.

TECHNOLOGY TRANSFER:  The Principal Investigators are regularly involved in meetings and workshops throughout the affected areas in providing current technical guidance on disease control for ranchers, homeowners, and natural resource managers.  The results of the work will be featured in such meetings.  In addition, each Principal Investigator maintains current information on relevant websites as supported by their agencies and administrative units.  This study and the accomplishments will be featured on those sites.  This study will also be the focus of numerous fact sheets, brochures and other publications intended to increase public awareness of the most current oak wilt management practices.

PRODUCT LEVERAGING:  This research is an extension of two previous studies including cooperators from: Department of Defense at Ft. Hood; The Nature Conservancy, Texas Chapter; U.S. Forest Service (USFS), Northeastern Area Forest Health Protection Region; USFS North Central Research Station, Forest Diseases Unit; USFS Forest Inventory and Analysis Research Unit; and Minnesota  Department of Natural Resources.
LONG-TERM BUDGET REQUEST:

	
	Item
	Requested FHP STDP Funding
	Other-Source Funding
	Source

	FY  2003
	
	
	
	

	Administration
	Salary
	           $15,000
	          $42,858
	TAES & FHTET

	
	Overhead
	               5,300
	            31,945
	     TAES

	
	Travel
	             9,000
	
	

	Procurements
	Contracting
	             14,650
	            25,000
	FHTET

	
	Equipment
	               3,000
	
	

	
	Supplies
	               4,200
	
	

	
	Satellite Imagery
	              7,150
	
	

	YEAR  TOTALS
	
	           $58,300
	         $107,303
	


	PROJECT TOTALS
	
	           $58,300
	         $107,303
	


LONG-TERM BUDGET REQUEST EXPLANATION:  A technician is requested to assist with all phases of the proposed project.  Ms. Camilli will need a new computer, and additional software licenses will be needed in order to conduct the analyses.  In addition, some field equipment and supplies will be needed as well as some additional supplies for GPS capabilities. Kim Camilli’s efforts are provided by the Texas Forest Service through a federal grant supporting Oak Wilt Suppression. Contracting funding is requested to cover geostatistical advisory assistance from Robin Reich (CSU Department of Forestry) and a portion of Thomas’ costs.  Forest Health Technology Enterprise Team will contribute salary for Downing and most of Thomas’ salary.

BENEFITS:  This project represents a progressive, analytical approach to deriving practical solutions to a complicated natural resource issue.  As with many forest tree diseases, there are a number of management options available for the control of oak wilt.  These controls, however, create a great deal of environmental disruption, are expensive, and are sometimes difficult to implement.  In many forests where oak wilt is found, there is little justification to control the disease based on the value of the resource compared to the cost of implementing those controls.  This scenario is common to many tree diseases in natural forest ecosystems.  However, the presence of an endangered species that relies on the presence of a certain stand structure complicates the issue of whether to control oak wilt.  This shift in the perspective of values in natural resources is a common phenomenon in ecosystem management.  In order to deal with complexities involved, the natural resource manager will greatly benefit from the predicting the risks involved in allowing the disturbance to progress.  This project will provide a model for assessing that risk.  In addition, the project will graphically illustrate the spread of the disturbance, oak wilt and will clarify those factors influencing the spread of the pathogen.  Guidelines for oak wilt control will be developed according to the potential for continued losses, benefiting homeowners, ranchers, and natural resource managers throughout the range of the disease.
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Attachment 1: Kriging analysis: Probability map predicting future oak wilt occurrences in Dallas, TX.
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