	Project Title: Restore American Butternut Populations In Eastern Parks


	Park/Unit: Mammoth Cave National Park 

	Region: Southeast 


	States: KY 
	Congressional District: KY02


	Old Package Number: 

	Reference Number: maca nr


	Project Type: Non-facility 

	Financial System Package Number: MACA 102112


	Contact Person: Mark Depoy

	Contact Phone: 270-758-2141



	

	Project Status - PMIS 102112

Date Created: 12/05/03

Review Status: Region-Reviewed on 03/09/2004

Date of Last Update: 05/13/04

Updated By: Stacey Hester (Seadmin)



	Project Narratives - PMIS 102112

Description

ABSTRACT: American butternut populations within eastern parks are being decimated by an exotic Japanese fungus. Death is caused by main stem cankers that girdle and kill the tree. Forest Service surveys have determined that butternut canker disease has caused the greatest decline in southern populations by eliminating over 80 percent of the butternut trees in southeastern parks. The objectives of this project are: 

1. survey southeastern parks for existing butternut trees and record the disease status and location of each tree, with an emphasis on trees that display putative resistance to butternut canker; 2. collect seed from putative resistant butternut trees to establish germplasm banks and crossbreeding to produce local butternut genotypes with disease resistance; 3. plant butternut seed orchards using seed from trees possessing putative disease resistance. 4. Plant seed orchard nuts back into parks from which the parentage was derived in order to restore butternut populations. 

Justifications

Justification: Butternut, or white walnut (Juglans cinerea), is a highly valued hardwood species native to eastern North America. The tree is closely related to black walnut (Juglans nigra) and can occur on cove hardwood sites, but can also grow on a poorer, drier site. Butternut is used for veneer, lumber, and is important as a mast species for wildlife. The nuts are palatable for human consumption, and cultivars have been selected for orchard production. Throughout the range of the species, butternut populations are experiencing severe declines due to an exotic fungus, Sirococcus clavigigenti-juglandacearum. The disease causes multiple branch and stem cankers with a characteristic black color. Death is caused by main stem cankers that will eventually girdle the tree. The disease was first discovered in 1967 in southwestern Wisconsin, but is believed to have originated from the eastern coast at least 70 years ago. Butternut canker disease has gradually infected much of the species’ range, but has caused the greatest decimation in southern populations. Forest Service surveys have determined that butternut canker disease has eliminated over 80 percent of the butternut in southeastern states. 

The rapid decimation of butternut populations has been considered so severe that the species was listed as a "species of Federal concern" by the U. S. Fish and Wildlife Service. To date, there has been no proven strategy for protecting butternut trees from the disease or returning resistant butternuts to eastern forests. However, a survey for surviving butternut trees in the southern Appalachian mountain region has revealed trees that show no or limited signs of infection by the disease and trees that are recovering from the disease as evidenced by healing cankers. The survival and health of these trees proximal to dead and dying trees and in areas where butternut populations have been reduced suggests the presence of genetic resistance or that the disease has become debilitated by some unknown mechanism, e.g., as in hypovirulence with American chestnut. If host resistance is present, then a backcross breeding approach would be a feasible strategy for producing resistant butternut trees. The success of a breeding program for restoration, however, is predicated upon the ability to transfer resistance, the existence of germplasm with a sufficiently broad genetic base to successfully return the species to eastern forests, and an understanding of site requirements. Additionally, seed production areas will be needed to produce butternuts for the restoration. For National Park areas, restoration of local genotypes will be particularly desirable due to NPS policies regarding introduction of exotic germplasm. 

Objectives: The objectives of the proposed project are to: (1) collect data and develop preliminary GIS-based models for butternut habitat suitability on selected National Parks; (2) using models developed in (1), conduct surveys for existing butternut trees within National Park Service lands and identify trees with putative resistance to butternut canker; (3) determine whether butternut site requirements vary by region; (4) collect and graft scion wood from putative resistant trees in selected National Parks; (5) collect nuts from butternut trees in National Parks where populations have been extirpated to a point that genetic diversity is extremely limited; and (6) identify areas and cooperators within and proximal to each selected National Park to establish seed production/breeding orchards using the grafts produced in (4) or seedlings produced in (5) and plant the resulting nuts produced from the seed orchards back into the parks from which the parent material was derived in order to restore self-sustaining populations in each park. 

Previous Accomplishments and Current Activities: Since 1993, The University of Tennessee (UT), the National Park Service [Great Smoky Mountains National Park (GSMNP) and Mammoth Cave National Park (MCNP)], Southwest Missouri State University, Connecticut Experiment Station, USDA Forest Service, Southern Region, Forest Health Protection and Genetic Resources Program, U.S. Geological Survey, Southern Appalachian Field Laboratory, Nature Conservancy, Healing Stones Foundation, Tennessee Department of Agriculture, Division of Forestry, Virginia Division of Forestry, Army Corps of Engineers (Nashville District), and North Carolina Division of Forest Resources have been cooperating on developing a resistant butternut for restoration purposes and preserving the existing germplasm. This work has encompassed surveys for surviving butternut trees, genetic testing, resistance testing, establishment of genetic conservation plantings, inoculation experiments, nursery studies, and wood ring analysis to correlate disease outbreaks with climatic variables. Genetic resistance to the canker disease has been found, giving credence to developing resistant butternut trees for restoration. This effort is centered at the University of Tennessee and involves geneticists, forest pathologists, ecologists, land managers, and a mycologist. 

Furthermore, the University of Tennessee, U.S. Geological Survey, and the National Park Service have collaborated on three research projects to develop GIS-based mapping techniques. Butternut habitat models have now been developed for the Blue Ridge Mountain region (including GSMNP and portions of the Blue Ridge Parkway) and MCNP and a preliminary model has been developed for the St. Francis National Forest, which contains butternut populations at the extreme southwestern portion of the species? natural range. Those projects provided important information on the feasibility of habitat mapping based on remotely-sensed data as well as baseline data on butternut habitat distribution. 

Dr. Ostry (USDA Forest Service, North Central Research Station) has been involved in butternut research in northern states since the 1980s. As with the southern group of cooperators, Dr. Ostry has conducted butternut surveys, inoculation tests, resistance testing, and has established genetic conservation plantings in a number of northern states. 

Within the National Park Service, butternut restoration efforts have been confined to Southern Region National Parks and vary in levels of progression. Extensive butternut surveys have been conducted GSMNP and MCNP to locate surviving butternut trees. Using survey data, Geographic Information System-based (GIS) predictive models have been developed for GSMNP and MCNP to locate additional survivors. As resistance is variable among surviving trees, locating the maximum number of survivors gives a higher probability of finding more resistant trees that would eventually result in greater genetic diversity of restoration populations. 

Limited surveys for surviving butternuts have been conducted on the Blue Ridge Parkway and Big South Fork National River and Recreation Area (BSF). Surviving butternuts were found on both land bases. Surviving butternuts have been located by surveys on land bases proximal to the Obed Scenic River and the Cumberland Gap National Park in the Southern Region. Overall, the surveys indicate that surviving butternut populations do exist on Southern Region National Parks. Personal communications with National Park, USDA Forest Service, and State Forestry personnel in northern States indicate that butternut is still a component of northern forests and therefore, present in northern National Parks. 

Methods: 

Actions toward meeting the following objections will vary among the National Parks selected for this proposal (Table 1), due to the variation in butternut restoration efforts at each property. For example, actions under Objectives 1, 2 and 3 have been essentially completed at GSMNP and MCNP. Efforts at these Parks will concentrate on finding resistant trees or nuts and completing Objectives 1, 2, and 3. For NPS properties with no preliminary survey data, e.g., Ozark National Scenic Riverway, actions will be concentrated on Objective 1. 

Objective 1: An effective and proven approach of predicting species distributions based on multivariate statistical techniques and geographic information system (GIS) technology will be used. Resource managers at selected NPS properties will be contacted by project cooperators (Table 1). These National Parks were identified by the Information Center for the Environment (University of California, Davis) as having records of butternut occurrences, to obtain locational information. Additional locations will be acquired from targeted field surveys to reach adequate sample sizes for model development. A concerted effort will be made to incorporate the full range of habitat conditions of butternut. All locational records will be checked for errors and subsequently entered into a GIS. GIS data sets will be compiled that include information on soil type, soil moisture, geology, land use/land cover, and various topographic layers to determine habitat conditions associated with the butternut locations. Those habitat conditions will then be used to calculate the Mahalanobis distance statistic, a multivariate measure of dissimilarity, as an index of habitat suitability for the entire range of butternut. The size of the spatial analysis unit (resolution) will be similar to previous studies by van Manen and cooperators. However, because of the large the extent of the study area, the effectiveness of other resolutions will be examined. 

Objective 2: The above butternut habitat model will be tested by surveying for existing butternut locations within the national parks. When pertinent and possible, NPS boats should be made available to survey personnel. A stratified sampling design will be developed to concentrate field testing efforts in areas with lower Mahalanobis distance values (presumably supportive sites), while still testing the full range of the study area. Field plots will be established according to the stratified sampling design to determine the presence or absence of butternut, as well as co-occurring species, such as black walnut. Logistic regression will be used to determine the relationship between the presence and absence of butternut in the test plots and the distance values of the corresponding pixels. The results of the logistic regression will be used to rescale the Mahalanobis distance values to a relative probability of species occurrence. Additional model assessments will be conducted and a final model will be developed for range-wide application. 

Based on the results of the final model, areas will be selected where habitat suitability is high and where site requirements of butternut are relatively unique. Searches for butternut trees will be directed to the most suitable habitats so that germplasm can be efficiently collected from each Park. The locations of butternut trees identified during those searches will be used to further test the predictions of the habitat model. 

Standardized survey sheets will be used in all Parks, as previously used in the Mammoth Cave study. These sheets include disease ratings for bole and branches. Trees with good putative resistance, as indicated by canker number, location, and size, will be selected for grafting. 

Objective 3: Final models will be compared to determine if butternut site requirements differ by region. These models also can be used as baseline data for future studies on the progression of butternut canker disease in northern states to better characterize the epidemiology of the disease. 

Objective 4: Scions will be procured from putative resistant trees in February and early March, labeled for identification, and shipped to Forrest Keeling Nursery in Elsberry, MO. The scions will be grafted onto Quick CropTM, a black walnut (Juglans nigra) root stock that promotes early flowering. Understock at Forrest Keeling Nursery are produced by the RPMTM process, which further accelerates reproductive maturation. 

Objective 5: For Parks that have extremely low numbers of butternuts, e.g., Mammoth Cave, nuts will be collected, in addition to scions, to increase the number of genotypes. The nuts will be labeled by mother tree, transported to Knoxville for dehusking and processing, and planted at the Georgia Forestry Commission?s Flint River Nursery. The resulting seedlings will be grown for one season and lifted for planting under Objective 6. The Flint River Nursery uses the most advanced nursery protocols for growing hardwood seedlings. These protocols were developed by the USDA Forest Service?s Institute for Tree Root Biology. Butternut seedlings have attained over 2 m in height at the Flint River Nursery in past years. The resulting seedlings will be grown for one season and lifted for planting under Objective 6. 

Objective 6: Establishment of seed/breeding orchards on NPS lands may not be desirable. National Parks are generally not equipped for seed orchard management, which involves trained personnel, insecticide spraying, and constant maintenance. An exception to this general statement would be a National Park with a Job Corps Center, e.g., Mammoth Cave National Park, that could incorporate orchard management in their training program. In lieu of suitable sites on NPS lands, State Divisions of Forestry and other Federal agencies, e.g., USDA Forest Service, will be contacted to develop a cooperative relationship and integration of NPS materials into their seed orchard programs. 

Expected Products: This proposal is constructed to advance upon previous accomplishments toward butternut restoration in GSMNP and MCNP, build upon preliminary survey work at BSF, and conduct surveys in other selected NPS areas as the initial steps toward butternut restoration. The selected NPS areas were strategically chosen for surveys to contribute to the eventual goal of building GIS-based predictive models for surviving butternuts on all eastern NPS properties. 

The proposed research will provide valuable insights into habitat suitability and variation of site requirements of butternut throughout the southern range of the species. Site information will be crucial to prioritize NPS areas from which additional germplasm should be collected. Furthermore, the habitat model can be used as a decision tool for the establishment of seed orchards in areas where site requirements of the species are distinctly different. Finally, the habitat model may ultimately be used to identify the most suitable areas for butternut restoration. 

For GSMNP and MCNP, considerable advancement will be made toward capturing putative resistant germplasm that will serve as the basis for restoration of butternut to these National Parks. 

Table 1. National Parks selected for butternut surveys and initiation of butternut restoration projects. 

Mid-South National Parks and Responsible Cooperator 

Big South Fork National River & Recreation Area - 125,310 acres (Schlarbaum) Great Smoky Mountains National Park - 521,490 acres (Schlarbaum) Mammoth Cave National Park - 52,830 acres (Schlarbaum) Ozark National Scenic Riverway (southeastern Missouri) - 80,785 acres(Anderson) Shenandoah National Park - 199,017 acres (Schlarbaum) 

Northeastern National Parks 

Morristown National Historical Park (New Jersey) - 1,711 acres (Anagnostakis) 

Saratoga National Historical Park (upstate NY) - 3,392 acres (Anagnostakis) 

Northwestern National Park 

St. Croix National Scenic Riverway - 92,757 acres (Ostry) North Central National Park 

Cuyahoga Valley National Recreation Area - 32,860 acres (Brantley) 

Personnel 

NPS Coordinator: 

Dr. Mark DePoy Chief of Science and Resources Management Mammoth Cave National Park P.O. Box 7 Mammoth Cave, KY 42259 

Science Cooperators: 

Dr. Scott E. Schlarbaum, Forest Geneticist The University of Tennessee, Knoxville Department of Forestry, Wildlife & Fisheries 274 Ellington Plant Sciences Bldg. Knoxville, TN 37996-4563 

Dr. Frank T. van Manen, Ecologist U. S. Geological Survey Southern Appalachian Field Branch 274 Ellington Plant Sciences Bldg. Knoxville, TN 37996-4563 

Dr. Robert L. Anderson, Forest Pathologist Southwest Missouri State University 128 Garfield Ave. West Plains, MO 65775-2715 

Dr. Sandra L. Anagnostakis, Mycologist and Plant Pathologist The Connecticut Agricultural Experiment Station 123 Huntington Street P.O. Box 1106 New Haven, CT 06504-1106 

Dr. Stacy L. Clark, Forest Ecologist The University of Tennessee, Knoxville Department of Forestry, Wildlife & Fisheries 274 Ellington Plant Sciences Bldg. Knoxville, TN 37996-4563 

Dr. Mike Ostry, Forest Pathologist USDA Forest Service North Central Research Station 1992 Fowell Ave. St. Paul, MN 55108 Dr. Beth Brantley, Forest Pathologist Pennsylvania State University, Mont Alto 1 Campus Drive Mont Alto, PN 17237 

Dr. Albert Meier, Forest Ecologist Western Kentucky University Bowling Green Kentucky 

INTERPRETIVE COMPONENT: Educational reform efforts across the country are calling for improvements in science education and literacy. One factor that stands in the way of such improvement is that many, if not most, elementary teachers feel they lack sufficient training in science and science education. As a result they are often uncomfortable with teaching the subject. 

MACA proposes to train teachers in science and give them tools to better teach science by providing them the opportunity to practice science themselves, interact with working scientists at MACA, and involve their schools and their students in an active MACA research project with regional significance. 

Central to the mission of MACA is the restoration and renewal of the land through natural areas management and restoration research, and through related educational activities. As part of this goal, we propose to give every K-8 teacher in the Barren County, Kentucky school system the opportunity to work with and learn from practicing scientists and land management professionals in a week long science workshop in MACA’s 53,000-acre Forest. The goals of this program are: 1. To train K-8 teachers in environmental sciences by providing the opportunity to interact with scientists and actually doing science projects themselves; 2. To give those same teachers tools to improve science education in Barren County, including involving their schools in an active, long-term research project which is taking place at MACA -- the restoration of butternut trees to eastern forests; 3. To involve the students themselves through student-designed outdoor learning areas (called land labs) at their schools and an annual visit to MACA. 

Teachers will work in diverse habitats within MACA’s 53,000-acre forest, visit research project sites not normally accessible to the public, actively participate in field studies, and interact with MACA’s staff and visiting scientists - most of whom are conducting research at MACA. Teachers will become enthused with science through behind-the-scenes, first-hand experience with research techniques and working researchers. They will learn how to identify problems, pose questions, find ways to answer those questions, make observations, gather data, and analyze and draw conclusions from that data; i.e., the scientific method. During the workshop teachers will be given numerous tools to better teach science in their schools. In addition to a variety of activities that they will help develop and materials which they will receive, teachers will involve their students in an important and exciting regional research effort involving MACA and the University of Tennessee and Western Kentucky University. The long-term goal is to restore the butternut tree to the American landscape by surveying butternut habitat, delineating HWA impacts in the participating parks, collecting seeds and assisting with seedling propagation and restoration protocols. Teachers will take butternut seedlings back to their schools as the nucleus of a school project to design and implement an outside land lab on school grounds. UT and WKU are enthusiastic in their commitment to support this project. MACA will work with the schools on the long-term management and monitoring of the trees. This project will take MACA’s mission to promote renewal and restoration of the land into the community and give students ownership and participation in an important national effort to save the butternut tree. In addition, students will design a variety of other activities and projects which they will help to develop and implement on their school grounds in land labs. 

Aimed at all public and private elementary and middle schools of Barren County, the project will involve 250 elementary school teachers and 30 middle school science teachers. It will impact a K-8 population of over 8,000 students as well as the Bullitt Adult Learning Center, serving a traditionally overlooked, at-risk population that includes adult learners at K-8 levels, many of whom are in GED programs. 

The project will be a model for future MACA educational efforts aimed at serving primarily underserved rural school districts all across Kentucky and Tennessee. 

ENVIRONMENTAL PLANNING PROGRESS: In 2002 MACA accomplished National Environmental Policy compliance for the MACA portion of the project. MACA will also accomplish NEPA and ESA compliance for all of the parks participating in this restoration effort. The NEPA Record of Decision will be complete by June of 2004. At that time all environmental compliance, including NEPA, ESA and NHPA section 106, will also be complete. 

Measurable Results

The project will ultimately restore approximately 10,000 acres of American Butternut habitat in eastern parks. 



	Project Activities, Assets, Emphasis Areas and GPRA Goals - PMIS 102112

Activities
· Restoration 

Assets 
· Terrestrial Ecosystem 

· Vascular Plant 

Emphasis Areas
· Biodiversity 

GPRA Goals and Percent Values 
· Misc. Park-Specific Goals (Preserve Resources), 100% 



	Project Prioritization Information - PMIS 102112 

Unit Priority:    137    IN FY   2004 

Unit Priority Band: HIGH



	Project Capital Asset Accounting Determination Results Summary - PMIS 102112 

This package does not require Capital Asset Accounting.
Heritage Assets 

No Heritage Accounts are needed. 

Non-Heritage Assets, Residential Buildings 

No special Accounting is required to track these cost components. 

Non-Heritage Assets, Non-Residential Buildings 

No special Accounting is required to track these cost components. 

Non-Heritage Assets, Other Fixed Asset Structures 

No special Accounting is required to track these cost components. 

Pass Through Costs 

No Pass Through Accounts are needed. This project does not involve pass funds through to another entity for work on non-NPS assets. 

Other Expenses 

No special Accounting is required to track these cost components. 
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	Additional Criteria - PMIS 102112A 

SIGNIFICANCE OF THE RESOURCE TO THE PARK: Butternut, is a highly valued hardwood species native to eastern North America. When the Europeans arrived in North America; butternut was a dominant bottomland tree in the eastern deciduous forests. Due to significant ongoing population declines butternut has been listed by the U.S. Fish and Wildlife Service as a "species of concern" under the Endangered Species Act. Survey work performed by Dr. Lucy Braun at MACA in the 1950's revealed that butternut comprised ten percent of the forest bottomland canopy. Butternut surveys conducted at MACA in 2001 through 2003 revealed population declines due to disease have reduced butternut populations by 98%. This has adversely altered the park's forest composition, ecosystem diversity and is threatening butternut's existence. The parks enabling legislation contains language describing forest ecosystem preservation as one of the compelling reasons for creating MACA as a National Park. The Butternut is primarily valued for its nuts which, wildlife rely on as a valuable foodstuff. The nuts are widely used by blue jays, red squirrels, chipmunks and turkey. Because American butternut rarely live more than 75 years, time is critical to prevent extinction. 

SEVERITY OF RESOURCE THREAT: Surviving butternuts are now usually found proximal to streams, and most trees are heavily infected with disease and in a state of gradual decline. In contrast to the destruction of the American chestnut by the exotic chestnut blight fungus, butternuts killed by the exotic fungus will not resprout, young trees are subject to mortality, and even seeds can carry the disease. Correspondingly, when a population becomes infected, that particular gene pool is permanently lost. The rapid decimation of butternut populations has been considered so severe that the species was listed as a "species of Federal concern" by the U. S. Fish and Wildlife Service. In 1995, the U.S. Forest Service estimated that 80 percent of the butternuts in the Southeast had succumbed to the exotic fungal disease. Forest Ecologists at the University of Tennessee, USDA Forest Service and the Southern Forest Research Experiment Station predict that without human intervention, extinction of American butternut is likely to occur in the near future. Since butternut historically comprised 10% of the bottomland forest, the loss of this important mast-producing tree would significantly alter forests composition, reduce diversity and adversely affect wildlife species that consume the nuts and utilize this tree as habitat. 
PROBLEM DEFINITION AND INFORMATION BASE: MACA butternut surveys in 2002 and 2003 revealed that butternut densities have declined by 98%, when compared to equivalent surveys conducted by Dr. Braun in the 1940's. The MACA survey data indicates 54 surviving butternut trees, of which, about 25 trees show the genetic ability to resist butternut canker. The survival and health of these trees proximal to dead and dying trees indicates the presence of genetic resistance to butternut canker. Because resistance is variable among surviving trees, locating the maximum number of survivors provides a higher probability of finding more resistant trees that will result in greater genetic diversity of restoration populations. Since previous surveys prove a small percent of trees possess genetic disease resistance, a backcross breeding program would be the only feasible strategy for producing resistant butternut trees. Butternut breeding efforts at the University of Tennessee has proven the ability to cross-breed disease resistant trees, producing progeny with high levels of disease resistance that can be used to restore self-sustaining butternut populations. By utilizing this proven breeding method with butternut genotypes from each park, we will have the ability to repopulate park's with trees possessing genotypes adapted to each parks soil type and climate. 

TECHNICAL SOUNDNESS: Environmental compliance will be complete by June, 2004. By June all environmental compliance, including NEPA, ESA and NHPA section 106, will be complete. The University of Tennessee has a successful butternut breeding program that has produced proginey with high levels of putative canker disease resistance. Therefore, by obtaining park specific butternut genotypes and incorporating this genetic material into the UT breeding program, we are virtually assured of obtaining disease resistant trees that will be used to restore butternut populations adapted to park specific habitats. Except for UT, there are no pedigreed seed orchards of butternuts in the eastern U.S., much less seed orchards containing park specific genotypes. Therefore, Seeds from locally adapted trees are highly desirable for reforesting decimated areas. In the absence of seed orchards, any reintroduction of butternuts will rely upon genotypes collected outside parks. Planting exotic germplasm can result in poor adaptability, leading to decline and mortality. The overall fitness of the forest would be lower due to marginally adapted trees. Therefore, it is highly desirable to incorporate park specific genotypes into the UT breeding program in order to restore park specific butternut genotypes. 

PROBLEM RESOLUTION: The return to National Parks of competitive canker resistant American butternut trees is now possible, thanks to the breeding efforts of The University of Tennessee and the identification of surviving park butternut's possessing local genotype genetics that also have demonstrated disease resistance. UT has successfully breed American butternut's with high levels of canker-resistance and has committed to incorporate butternut genetics from NPS units in order to produce trees with high levels of genetic diversity and disease resistance that are adapted to park ecosystems. By making intercrosses among resistant Butternut's from many locations, we will have native genotypes with the needed genetic diversity to thrive in a competitive forest environment. By pollinating surviving trees with UT pollen and planting the progeny from this breeding program into dedicated seed orchards, we will have sufficient quantities of locally adapted butternut's possessing the disease resistance needed to recover this species. Development of a GIS ecological model, soil analysis of potential reintroduction habitat and synthesis of a species account will provide the prerequisite knowledge needed to select superior reintroduction sites. 

The growth rate of resistant butternut seedlings indicates they will be able to thrive in a competitive forest environment and successfully reoccupy niches usurped by other hardwood trees. 

TRANSFERABILITY: American butternut is a significant mesic habitat tree in eastern parks. It is widely distributed in the U.S. from eastern Minnesota to Maine, and south to Alabama along the Appalachian Mountains. Based on current migration rates, forest ecologists predict butternut canker will migrate into all parks within the butternuts native range, decimating butternut populations throughout the east. Therefore, the reintroduction protocols, seed orchards and seed collecting methods will have broad applicability in approximately 50+ parks and monuments. In fact, the proposal authors and project participants have initiated the project in a manner and with the intention, that the developed expertise, reintroduction protocols and seed from seed orchards are made available to all NPS units possessing American butternut. Where, butternut genotype is equivalent across parks, the orchard seeds and seedlings will be made available to those parks that are not initially involved in the project. Exotic diseases are currently decimating other forest tree species including, eastern hemlock, American elm, dogwood and beech. Consequently, the seed orchard strategies, seed preservation methodologies and reintroduction protocol manual will at a minimum be applicable to the preservation of some of these species, giving the project broad transferability to 100+ parks where these species exist. 




