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PREFACE

The papers in this document were presented at a conference and workshop that was held at The
North Carolina Arboretum in Asheville, NC, May 4-6, 2004. The purpose of the conference was
to discuss issues surrounding the restoration of American chestnut to forest lands. The audience
members were primarily employees of USDI National Park Service (NPS), and interest focused
on the question of restoring chestnut to NPS lands, but most presentations were selected to
address restoration from the broadest perspective possible. The organizers of the conference were
Drs. Kim Steiner and John Carlson of the School of Forest Resources at The Pennsylvania State
University, and the sponsors were the Chesapeake Watershed Cooperative Ecosystem Studies
Unit (CESU) (NPS), the Southern Appalachian Mountains CESU (NPS), and The Pennsylvania
State University.

The conference covered the current status of chestnut blight research and objectives,
opportunities, and potential directions for American chestnut restoration programs on NPS lands.
Topics discussed at the meeting included policy issues, the current status of chestnut, chestnut
ecology, breeding programs, blight resistance technologies, genetic issues, potential impacts on
forest ecology, design of restoration programs, and knowledge gaps related to restoration within
the National Park System. The conference ended with half-day workshop facilitated by Dr.
James Finley of the School of Forest Resources at The Pennsylvania State University. Attendees
remarked that the scope and quality of presentations established the meeting as a benchmark
event in the history of chestnut restoration. As a result of the meeting, a summary of issues and
recommendations for National Park Service administrators is being prepared. This collection of
papers represents the most comprehensive and current information available at this time on the
biology of American chestnut and the blight fungus and the potential for restoring chestnut to its
native range.

John E. Carlson and Kim C. Steiner, August 4, 2005



LIST OF CONFERENCE PARTICIPANTS

Ray Albright

Southern Appalachian Mtns. CESU
University of Tennessee

274 Ellington Plant Science Building
Knoxville, TN 37966
Ray_Albright@nps.gov
865-974-8443

Mark Alexander
University of Tennessee, Chattanooga
Mark.dxm@hotmail.com

Stephen Alexander
University of Tennessee, Chattanooga
morganfreemore@hotmail.com

Kristen Allen

National Park Service

Richmond National Battlefield Park
3215 E. Broad Street

Richmond, VA 23223
kristen_allen@nps.gov
804-795-5019

Mary Willeford Bair

National Park Service
Shenandoah National Park
3655 US HWY 211

East Luray, VA 22835
mary_willeford bair@nps.gov
540-999-3490

Clarissa Balbalian

Mississippi State University
Extension Service

P.O. Box 9655, Bost Rm. 9
Mississippi State, MS 39762-9655
cbalbali@ext.msstate.edu
662-325-2146

Jenny Beeler

National Park Service

Cumberland Gap National Historical Park
P.O. Box 1848

Middlesboro, KY 40965

jenny beeler@nps.gov

606-246-1113

John Bellemore

USDA Forest Service

G. Washington & Jefferson National Forests
5162 Valley Pointe Parkway

Roanoke, VA 24019

jbellemore@fs.fed.us

540-265-5150

Paul Berrang

USDA Forest Service
626 E. Wisconsin Ave
Milwaukee, WI 53202
pberrang@fs.fed.us
414-297-3569

John Blanton

USDA Forest Service
Southern Research Station
P.O. Box 2750

Asheville, NC 28802
jblanton@fs.fed.us
828-257-4248

Tom Blount

National Park Service

Big South Fork National Recreation Area
Oneida, TN

tom_blount@nps.gov

Wayne Bowman

Virginia Department of Forestry
900 Natural Resources Drive
Charlottesville, VA 22903
bowmanw@dof.state.va.us
434-977-1375 x 3331

Amanda Brennan
National Park Service, Blue Ridge Parkway
almbrennan@care2.com

John Carlson

Penn State University
School of Forest Resources
304 Wartik Lab

University Park, PA 16802
jeclo6@psu.edu
814-863-7561



Brian Carlstrom

National Park Service

Prince William Forest Park
18100 Park Headquarters Rd.
Triangle, VA 22172
Brian_Carlstrom@nps.gov
703-221-3329

Marshal T. Case

The American Chestnut Foundation
469 Main St., Suite 1, P.O. Box 4044
Bennington, VT 05201
marshalc@acf.org

802-447-0110

Barry Clinton

USDA Forest Service
Coweeth Hydrologic Lab
3160 Coweeta Lab Rd.
Otto, NC 28763
belinton@fs.fed.us
828-524-2128 x 124

Ries Collier

National Park Service

Cumberland Gap National Historical Park
P.O. Box 1848

Middlesboro, KY 40965
ries_collier@nps.gov

606-246-1110

Benji Cornett

The American Chestnut Foundation
Meadowview Research Farms
benji@acf.org

J. Hill Craddock

U. Tennessee at Chattanooga
Biology & Environmental Sciences
615 McCallie Ave.

Chattanooga, TN 37403
Hill-Craddock@utc.edu
423-425-4643

Barbara Crane

USDA Forest Service
Southern Region

1720 Peachtree Rd. NW
Atlanta, GA 30309
barbaracrane@fs.fed.us
404-347-4039

vii

Donald Edward Davis
Dalton State College

213 N. College Dr

Dalton, GA 30720
ddavis@em.daltonstate.edu
706-428-2928

Mark DePoy

National Park Service
Mammoth Cave National Park
P.O.Box 7

Mammoth Cave, KY 42259
mark depoy@nps.gov
270-758-2141

Matt Diskin

Penn State University
School of Forest Resources
132 1/2 E. Prospect Ave.
State College, PA 16802
msauce_1999@yahoo.com
814-237-8915

Coleman Doggett

Duke University

217 Rosecommon Lane
Cary, NC 27511
ncdoget@mindspring.com
919-467-0551

Greg Eckert

National Park Service

1201 Oakridge Drive, Suite 200
Fort Collins, CO 80525
greg_eckert@nps.gov
970-225-3694

Katherine Elliott

USDA Forest Service

Coweeta Hydrologic Laboratory
3160 Coweeta Lab Rd.

Otto, NC 28763
kelliott@fs.fed.us
828-524-2128 x 110

Songlin Fei

Penn State University
School of Forest Resources
9 Ferguson Building
University Park, PA 16802
feisl@psu.edu



James Finley

Penn State University
School of Forest Resources
7 Ferguson Building
University Park, PA 16802
jfinley@psu.edu
814-863-0401

Sara Fitzsimmons

Penn State University

210 Forest Resources Lab
University Park, PA 16802
sff3@psu.edu
814-865-7228

Sharon Friedman
USDA Forest Service
Washington Office
Washington, DC
sfriedman@fs.fed.us
202-205-0939

Manley Fuller

Florida Wildlife Federation
P.O. Box 6870
Tallahassee, FL 32314
wildfed@aol.com
850-656-7113

Peter Gould

Penn State University
School of Forest Resources
Forest Resources Lab
University Park, PA 16802
Pjgl69@psu.edu

Gary Griffin

Virginia Tech University

Plant Path., Phys., and Weed Science
Blacksburg, VA 24061
gagriffi@vt.edu

540-552-5943

Brian Heath

North Carolina Forest Service
Asheville, NC
brian.heath@ncmail.net

viii

Fred Hebard

TACF Research Farms
14005 Glenbrook Ave.
Meadowview, VA 24361
Fred@acf.org
276-944-4631

Jennifer Hewitt

National Park Service

Mammoth Cave National Park
Jennifer Hewitt@partner.nps.gov

Larry Hilaire

National Park Service

Delaware Water Gap Recreation Area
294 Old Milford Rd.

Milford, PA 18337

larry hilaire@nps.gov

570-296-6952 x 27

Hugh Irwin

46 Haywood St., Suite 323
Asheville, NC 28801
hugh@safc.org
828-252-9223

Joseph James

The American Chestnut Foundation
Carolina's Chapter

260 Steve Nix Rd.

Seneca, SC 29678
s4edj4@bellsouth.net
864-972-1122

Brian Joyce

Montreat College
Environmental Studies

301 Morgan Science Building
Montreat, NC 28757
bjoyce@montreat.edu
828-654-8623

John Karish

National Park Service
University Park, PA
John_Karish@nps.gov
814-865-7974



Robert Kellison

Institute of Forest Biotechnology

15 T.W. Alexander Dr. P.O. Box 3399
Research Triangle Pk, NC 27709-3399
bob_kellison@ncbiotech.org
919-549-8896

Jennifer Knoepp
USDA Forest Service
jknoepp@fs.fed.us

Thomas Kubisiak

USDA Forest Service
Southern Research Station
23332 Highway 67
Saucier, MS 39574-9344
tkubisiak@fs.fed.us
228-832-2747 x 213

Jennifer Lee

National Park Service

Prince William Forest Park
18100 Park Headquarters Rd.
Triangle, VA 22172

jennifer lee@nps.gov
703-221-3406

Bill Lellis

National Park Service
Chesapeake Watershed CESU
UMCES, Appalachian Laboratory
301 Braddock Road

Frostburg, MD 21532
wlellis@al.umces.edu
301-689-7108

Song Liu

Penn State University

304 Wartik Lab
University Park, PA 16802
szI110@psu.edu
814-235-9428

David Loftis

USDA Forest Service
Southern Research Station
Asheville, NC
dloftis@fs.fed.us
828-667-5261 x 115

X

Rebecca Loncosky
National Park Service
Catoctin Mountain Park
6602 Foxville Rd.
Thurmont, MD 21788
becky loncosky@nps.gov
301-416-0536

William MacDonald

West Virginia University

College of Agriculture and Forestry
401 Brooks Hall, P.O. Box 6058
Morgantown, WV 26506-6058
Bill. MacDonald@mail.wvu.edu
304-293-3911 x2236

Russ MacFarlane
USDA Forest Service
rmacfarlane@fs.fed.us

Jim Maldox
Tennessee Valley Authority
Muscle Shoals, AL

Rex Mann

USDA Forest Service

Daniel Boone National Forest
1700 Bypass Rd.

Winchester, KY 40391
rmann@fs.fed.us
859-744-7086

Susan McCord

Institute of Forest Biotechnology

15 T.W. Alexander Dr. P.O. Box 3399
Research Triangle Pk, NC 27709-3399
susan_mccord@ncbiotech.org
919-549-8889

Robert McKinstry

Penn State University

102 Ferguson Building
University Park, PA 16802
rbm10@psu.edu
814-865-9390



Chris McNeilly

National Park Service

Kings Mountain National Military Park
2625 Park Road

Blacksburg, SC 29702
chris_mcneilly@nps.gov

864-936-7921

Will McWilliams

USDA Forest Service
Northeastern Research Station
11 Campus Blvd., Suite 200
Newtown Square, PA 19073
wmcwilliams@fs.fed.us
610-557-4050

Albert J. Meier

Department of Biology
Western Kentucky University
Albert.meier@wku.edu

Dan Miller

USDA Forest Service
320 Green St.
Athens, GA 30606
dmiller03@fs.fed.us
706-559-4247

Steve Oak

USDA Forest Service
Southern Research Station
P.O. Box 2680

Asheville, NC 28802
soak@fs.fed.us
828-257-4322

John Perez

National Park Service

New River Gorge National River
P.O. Box 246

Glen Jean, WV 25846

john perez@nps.gov
304-465-6537

Timothy Phelps

Penn State University
School of Forest Resources
210 Forest Resources Lab
University Park, PA 16802
phelpst@psu.edu
814-865-7228

William Powell

State University of New York

1 Forestry Drive, 319 Illick Hall
Syracuse, NY 13210
wapowell@esf.edu
315-470-6744

Philip Pritchard

The American Chestnut Foundation
Southern Appalachian Regional Office
One Oak Plaza, Suite 308

Asheville, NC 28801
pritchard@acf.org

828-281-0047

Anita Rose
USDA Forest Service
anitarose@fs.fed.us

Joe Schibig

Volunteer State Community College
1480 Nashville Pike

Gallatin, TN 37066
joe.schibig@volstate.edu
615-452-8600 x 3270

Scott Schlarbaum

University of Tennesse

Dep. of Forestry, Wildlife, and Fisheries
Ellington Plant Science Building
Knoxville, TN 37996

tenntip@utk.edu

865-974-7993

Kent Schwarzkopf

National Park Service
Appalachian National Scenic Trail
High Street

Civil War Story Bldg, 3rd Floor
Harpers Ferry, WV 25425

kent schwarzkopf@nps.gov
304-535-6767

James Sherald

National Park Service

4598 MacArthur Blvd. NW
Washington, DC 20007-4227
Jim_Sherald@nps.gov
202-342-1443 x 208



Paul Sisco

The American Chestnut Foundation
Southern Appalachian Regional Office
One Oak Plaza, Suite 308

Asheville, NC 28801
psisco@mindspring.com
828-281-0047

Emily Russell Southgate
P.O. Box 642
Middleburg, VA 20118
erussell@nac.net
540-687-8291

Brad Stanback

810 Long Branch Road
Canton, NC 28716
ilexvert@mindspring.com
828-646-9447

Kim Steiner

Penn State University
School of Forest Resources
213 Ferguson Building
University Park, PA 16802
steiner@psu.edu
814-865-9351

K. O. Summerville

N.C. Division of Forest Resources (retired)
Carolina's Chapter TACF

1623 Kenbrook Drive

Garner, NC 27529

kospcs@bellsouth.net

919-772-7111

Glenn Taylor
National Park Service
Great Smoky Mountains National Park

Jack Torkelson
Volunteer State Community College
torkelsonj@bellsouth.net

Chris Ulrey

National Park Service, Blue Ridge Parkway
199 Hemphill Knob Rd.

Asheville, NC 28803

chris_ulrey@nps.gov

828-271-4779 x 271

X1

James Voigt

National Park Service

Catoctin Mountain Park

6602 Foxville Rd.

Thurmont, MD 21788
cato_resource_management@nps.gov
301-416-0536

Jason Walz
National Park Service

Geoff Wang

Clemson University

Dept. of Forestry and Natural Resources
261 Lehotsky Hall

Clemson, SC 29634-0317
gwang@clemson.edu

864-656-4864

Keith Watson

US Fish and Wildlife Service
160 Zillicoa St., Suite D
Asheville, NC 28801

keith watson@fws.gov
828-350-8228

Michele Webber

Western Kentucky University
Mammoth Cave National Park
Michele.webber@contractor.nps.gov

Stewart Winslow
Millikew and Company
Stewart.winslow(@millikew.com






Steiner, K. C. and Carlson, J. E, eds. 2006. Restoration of American Chestnut To Forest Lands - Proceedings of a
Conference and Workshop. May 4-6, 2004, The North Carolina Arboretum. Natural Resources Report
NPS/NCR/CUE/NRR - 2006/001, National Park Service. Washington, DC.

INTRODUCTION

James L. Sherald
Center for Urban Ecology, National Park Service
4598 MacArthur Blvd., N.W., Washington DC 20007 USA (Jim_Sherald@nps.gov)

The American chestnut (Castanea dentata (Marsh.) Borkh.) once accounted for a quarter of the hardwood
trees throughout the eastern deciduous forest and in some locations in the southern Appalachians, its
density reached 70-85%. A rapid, dramatic decline in the species dominance began around 1900 with the
introduction from the Orient of the chestnut blight fungus, Cryphonectria parasitica (Murrill) Barr. In
spite of early efforts at eradication, within 30 years the fungus had spread throughout the chestnut’s entire
native range, which extends from Maine to Georgia, Alabama, and Mississippi and west to eastern
Michigan and southern Illinois. By 1940 practically all of the chestnuts throughout the range were dead or
infected.

As the chestnut declined, the eastern deciduous forest dramatically changed. Other species filled the void,
principally oak, hickory, and pine in the southern Appalachians creating the Mixed Oak, Oak-Pine, Mixed
Mesophytic, and Oak-Hickory Forest associations and hemlock, sugar maple, and beech to the north in
the Allegheny Mountains, which is primarily the Beech-Maple Forest association. While the chestnut has
relinquished its dominant role, its legacy continues through its regenerative capacity to resprout from the
roots of long infected trees. The American chestnut exists today largely as a clonal understory sapling or
pole tree, rarely living longer than 10 to 40 years. However, some of these sprouted trees are able to set
fruit before succumbing, but the new seedlings rapidly become infected. The importance of this sexual
reproduction cannot be underestimated when thinking in terms of evolutionary time. Someday, long in
the future, there may be successful seedling recruitment.

Few ecological disasters have generated as much interest as chestnut blight. Shortly after the disease was
first recognized in New York in 1904, research endeavored to understand every aspect of the disease and
its exotic causal agent. Over the years much has been learned. In recent decades significant progress has
been made in several areas, including the selection and breeding for blight resistance and the discovery
and enhancement of fungal hypovirulence. Hypovirulent strains of C. parasitica contain infectious
cytoplasmic viruses that reduce the ability of the pathogen to cause cankers. Much of this research has
captured the interest of the public renewing hope that this iconic American species will eventually
reappear in the eastern deciduous forest. The National Park Service, which manages many parks
throughout the former chestnut domain, will undoubtedly be expected to engage these advances and fulfill
this dream. While these developments may still be several or many years away from practical
application, the prognosis for eventually managing chestnut blight is promising. Consequently, the
National Park Service must begin to fully understand the promise and pitfalls of these advances and to
explore the limitations and consequences of restoration.

This series of presentations and the following discussion are intended to assist the National Park Service
in fulfilling three objectives:

Our first objective is to develop a comprehensive understanding of all the science and technology that
hold significant promise for restoring the American chestnut. Hopefully, through these presentations we
will be able to assess the feasibility and potential for success as well as the long-term consequences these
advances could impose on the ecosystem. The significant areas of interest include biocontrol through the
use of hypovirulence, the selection and breeding of naturally-occurring putative resistant American
chestnuts, back crossing the American chestnut with the resistant Chinese chestnut, and transgenic



approaches to enhance host resistance and to debilitate the pathogen, as well as the potential for
combining these technologies into an integrated program.

Our second objective is to define our goals for American chestnut restoration. We recognize that these
technologies promise a range of restoration possibilities, from the minimal establishment of
demonstration plantings to the incorporation of resistant selections and biocontrol agents into major
reforestation projects. While these technological advances are driving our immediate interest in
restoration, our decisions must also be guided by an understanding and appreciation of the ecological
consequences posed by restoration choices. The National Park Service must have a thorough discussion
as to whether our restoration goals and the technologies we select to achieve these goals are compatible
with our policies, management objectives and most importantly our resources.

Based on the status and feasibility of the technology and our restoration goals, the third objective is to
prescribe how the Service and the parks should proceed. What are the acceptable choices today, what
promising technologies will we endorse in the future, what policy issues must we address, what research
do we believe is still necessary on unanswered questions or issues, and how can the National Park Service
assist? The implementation of some technology, such as the use of transgenic chestnuts or bioengineered
hypovirulent strains for biocontrol, may necessitate policy decisions. Decisions relating to transgenic
organisms are also relevant to other restoration and management issues affecting the Service and are
under discussion now. Other approaches, such as the planting of hybrids may soon be available.
However, this option, like all tree planting efforts, has long-term consequences and the decision to
proceed should be well founded. We may decide that the research findings are premature or inconclusive,
the long-term prospects uncertain, and additional study is necessary before we begin to engage in large
scale restoration programs. While understandably, parks may differ in their restoration objectives; their
decision process must be consistent and based on the best available science. The visiting public has
always been interested in the ecological and cultural heritage of the American chestnut in their National
Parks. Consequently, the National Parks will present the most visible and critiqued application of
chestnut restoration technology. The public fully and rightfully expects us to understand and support the
decisions we make.
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NATIONAL PARK SERVICE MANAGEMENT POLICY GUIDANCE FOR RESTORATION OF
AMERICAN CHESTNUT TO NATIONAL PARK SYSTEM UNITS

John Dennis
National Park Service, 1849 C Street, N.W., Washington, DC 20240, USA (john_dennis@nps.gov)

Abstract: The National Park Service’s Management Policies 2001 provide clear guidance for decisions
regarding management of the nearly extirpated American chestnut (Castanea dentata). Restoration is
appropriate and may involve active planting, cross breeding, and genetic engineering using genotypes
from areas within and outside the parks. Restoration must be based on science, analyzed through
environmental compliance processes, include the public, and consider actively involving partners.
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INTRODUCTION

Law, policy, philosophy, and science contribute to decision-making about whether or not to attempt to
restore the American chestnut (Castanea dentata) to one or more units of the National Park System. The
following discussion addresses these components of decision-making by examining specific provisions
and then identifying possible pathways for applying them to management actions.

EXCERPTS FROM NATIONAL PARK SERVICE MANAGEMENT POLICIES 2001

The National Park Service develops and publishes the Management Policies to interpret the many laws
that authorize and direct the purposes, uses, and management of lands incorporated into the National Park
System and to fill in details not specifically addressed in the laws. The Service's Management Policies
2001 provide both general and specific guidance regarding management of park natural resources. The
statements provided in this section are taken directly from, or paraphrase, selected entries in the
Management Policies 2001.

Natural Conditions

In its most general terms, the Management Policies 2001 directs the Service to preserve the natural
resources, processes, systems, and values of units of the national park system in an unimpaired, evolving
condition. More specifically, they direct the Service to:

e preserve the natural resources, processes, systems, and values of units of the national park system
in an unimpaired condition, to perpetuate their inherent integrity and to provide present and future
generations with the opportunity to enjoy them;

e recognize that natural processes and species are evolving and allow this evolution to continue,
minimally influenced by human actions; and

e apply the term "natural condition" to mean the condition of resources that would occur in the
absence of human dominance over the landscape.



Natural Ecosystems and Native Species

The Service becomes more specific in its policy guidance for natural ecosystems and native species
through four major concepts. The first concept provides a broad ecosystem overview: the Service
generally does not intervene in natural biological or physical processes — when it does, such as to remove
human-impacts to natural ecosystem functioning, it bases its actions on clearly articulated, well-supported
management objectives and the best scientific information available. The following specific statements
guide the implementation of this ecosystem approach:

e the Service will not intervene in natural biological or physical processes, with certain exceptions;
actions to restore natural ecosystem functioning that has been disrupted by past or ongoing human
activities will use the minimum necessary interventions to achieve the stated management
objectives;

e biological or physical processes altered in the past by human activities may need to be actively
managed to restore them to a natural condition or to maintain the closest approximation of the
natural condition in situations in which a truly natural system is no longer attainable;

¢ landscape and vegetation conditions altered by human activity may be manipulated where the
park management plan provides for restoring the lands to a natural condition;

e revegetation efforts usually will use propagules representing species and gene pools native to the
ecological portion of the park in which the restoration project is occurring but may use improved
varieties or closely related native species for a natural area so degraded that restoration with gene
pools native to the park has proven unsuccessful;

e because naturally ignited fire is a natural process in many ecosystems sustained in parks, each
park with vegetation capable of burning will prepare a fire management plan addressing natural
and cultural resource objectives; safety considerations for park visitors, employees, neighbors,
and developed facilities; and potential impacts to public and private property adjacent to the park;
and

e the extent and degree of management actions taken to protect or restore park ecosystems or their
components will be based on clearly articulated, well-supported management objectives and the
best scientific information available.

The second major concept addresses species population dynamics: the Service generally does not
intervene in native plant and animal species dynamics and natural fluctuations in their populations.
Components of this concept include:

e native species are species that have occurred or now occur as a result of natural processes on
lands designated as units of the national park system and so native species in a place are evolving
in concert with each other;

e natural processes are relied upon to maintain native plant and animal species and to influence
natural fluctuations in populations of these species;

e the Service maintains as parts of park natural ecosystems all native plants and animals by:

o preserving and restoring natural abundances, diversities, dynamics, distributions, habitats,
and behaviors of native plant and animal populations and the communities and
ecosystems in which they occur;

o restoring native plant and animal populations in parks when they have been extirpated by
past human-caused actions; and

o minimizing human impacts on native plants, animals, populations, communities, and
ecosystems, and the processes that sustain them.



The third major concept addresses protection of the full genotypic range of native plant and animal
populations in the parks. Features of this concept include:

¢ individual plants and animals found within parks are genetically parts of species populations that
may extend across both park and non-park lands; providing for the persistence of a species in a
park may require maintaining a number of local populations, often both within and outside the
park;

e protecting the full range of genetic types (genotypes) of native plant and animal populations in
the parks is achieved by perpetuating natural evolutionary processes and minimizing human
interference with evolving genetic diversity;

e steps for protecting species native to national park system units that are listed under the
Endangered Species Act include:

o active management programs to inventory, monitor, restore, and maintain habitats of
listed species, control detrimental non-native species, control detrimental visitor access,
and re-establish extirpated populations as necessary to maintain the species and the
habitats upon which they depend;

o cooperation with other agencies, states, and private entities to promote candidate
conservation agreements aimed at precluding the need to list species; and

o developing management actions for the protection and perpetuation of federally, state, or
locally listed species through the park management planning process, including
consultation with lead federal and state agencies as appropriate;

e intervention to manage individuals or populations of native species only when:

o such intervention will not cause unacceptable impacts to the populations of the species or
to other components and processes of the ecosystems that support them;

o management is necessary to protect rare, threatened, or endangered species; or

o removal of individuals or parts thereof is part of an approved research project; is done to
provide propagules for restoring native populations in parks or cooperating areas without
diminishing the viability of the park populations from which the individuals are taken; or
meets specific park management objectives;

e restoration of extirpated native plant and animal species to parks whenever all of the following
criteria are met:

o adequate habitat to support the species exists or can be restored in the park, and if
necessary also on adjacent public lands and waters, and, once a natural population level is
achieved, the population can be self-perpetuating;

o the species does not, based on an effective management plan, pose a serious threat to the
safety of people in parks, park resources, or persons or property outside park boundaries;

o the genetic type used in restoration most nearly approximates the extirpated genetic type;
and

o the species disappeared, or was substantially diminished, as a direct or indirect result of
human-induced change to the species population or to the ecosystem;

e the need to maintain appropriate levels of genetic diversity will guide decisions on what actions
to take to manage isolated populations of species or to enhance population recovery; and

e actions to transplant organisms for purposes of restoring genetic variability through gene flow
between native breeding populations will be preceded by an assessment of the genetic
compatibility of the populations.



The fourth major concept addresses methods for obtaining propagules for restoring plant species to parks:
e programs to restore plant species may include propagating plants in greenhouses, gardens, or
other confined areas to develop propagules for restoration efforts or to manage a population’s

gene pool.

Pest Management

The Service provides specific policy guidance regarding pest management. It relies on integrated pest
management (IPM - a decision-making process that coordinates knowledge of pest biology, the
environment, and available technology to prevent unacceptable levels of pest damage, by cost-effective
means, while posing the least possible risk to people, resources, and the environment) to guide managing
pests in parks. It monitors use of pesticides (any substance or mixture that is used in any manner to
destroy, repel, or control the growth of any viral, microbial, plant, or animal pest) in parks through case-
by-case review of pesticide use requests, taking into account environmental effects, cost and staffing, and
other relevant considerations. It allows use of a chemical, biological, or bio-engineered pesticide in a
management strategy following a determination by a designated IPM specialist that such use is necessary,
and that all other available options are either not acceptable or not feasible.

Managing Non-Native Species

The Service identifies as exotic (non-native, alien, or invasive) species those species that occupy or could
occupy park lands directly or indirectly as the result of deliberate or accidental human activities. The
Service devotes significant management attention to exotic species because these are species that did not
evolve in concert with the species native to the place, are not a natural component of the natural
ecosystem at that place, and, as a result, threaten the naturalness of the ecosystem being preserved to the
degree that they out-compete the native species or alter the natural processes of the ecosystem.

The Service’s goal for managing exotic species is to not allow them to displace native species if
displacement can be prevented. In general, new exotic species will not be introduced into natural
ecosystems in parks while, in rare situations, an exotic species may be introduced or maintained to meet
specific, identified management needs when all feasible and prudent measures to minimize the risk of
harm have been taken. Such deliberate introductions may occur when the species is:

a closely related race, subspecies, or hybrid of an extirpated native species; or

e an improved variety of a native species in situations in which the natural variety cannot survive
current, human-altered environmental conditions; or

e used to control another, already- established exotic species.

In some situations, exotic plant and animal species are maintained to meet an identified park purpose. In
all other situations, exotic plant and animal species that do not meet an identified park purpose will be
managed— up to and including eradication— if (1) control is prudent and feasible, and (2) the exotic
species:

e interferes with natural processes and the perpetuation of natural features, native species or natural
habitats; or

disrupts the genetic integrity of native species; or

disrupts the accurate presentation of a cultural landscape; or

damages cultural resources; or

significantly hampers the management of park or adjacent lands.



For species requiring management, high priority will be given to managing those exotic species that have,
or potentially could have, a substantial impact on park resources, and that can reasonably be expected to
be successfully controlled. Lower priority will be given to exotic species that have almost no impact on
park resources or that probably cannot be successfully controlled.

The decision to initiate management is based on a determination that the species is exotic. For species
determined to be exotic and where management appears to be feasible and effective, parks evaluate the
species’ current or potential impact on park resources; develop and implement exotic species management
plans according to established planning procedures; consult, as appropriate, with federal and state
agencies; and invite public review and comment, where appropriate. In designing programs to manage
exotic species, parks seek to avoid causing significant damage to native species, natural ecological
communities, natural ecological processes, cultural resources, and human health and safety.

Soil Management

Any program to restore plants to natural systems must recognize and provide for soil management to the
degree that the natural soil condition has been disrupted by past human activities. As a result, the Service
seeks to understand and preserve the soil resources of parks, and to prevent, to the extent possible, the
unnatural erosion, physical removal, or contamination of the soil, or its contamination of other resources.
Where necessary, the Service may import off-site soil or soil amendments to restore damaged sites where
such use of a soil, fertilizer, or other soil amendment may be appropriate, provided that the use does not
unacceptably alter the physical, chemical, or biological characteristics of the soil, biological community,
or surface or ground waters. Soil obtained from off-site normally will be salvaged soil, not soil removed
from pristine sites, unless the use of pristine site soil can be achieved without causing any overall
ecosystem impairment to the donor site.

PHILOSOPHICAL FOUNDATION

The conceptual goal of seeking to manage parks to achieve the natural condition as defined in the
Management Policies clearly is impractical to achieve given the already existing degree of human
dominance over the entire earth. However, identifying the natural condition as the desired condition is
useful. With respect to the question of restoring the chestnut to parks, such identification gives park
managers a clearly stated, measurable goal towards which to direct their scientific study and resource
management efforts. Park managers address this goal by developing achievable intermediate goals and
practical steps for achieving those intermediate goals. The remainder of this paper focuses on practical,
policy-appropriate science and management steps that warrant consideration in efforts to develop a
chestnut restoration plan and supporting program.

APPLICATION OF NPS MANAGEMENT POLICIES TO RESTORATION OF CHESTNUT TO
PARKS

Role of Science

Decisions about natural resource management are based on planning supported by scientific and scholarly
information, environmental evaluation, and public involvement. Scientific activities of inventory,
monitoring, research, and assessment are important components of a chestnut restoration program because
they:



contribute to developing a long-range strategy;

guide the functioning of interdisciplinary teams and processes;

permit articulating the desired future conditions for the park’s natural resources;

provide the tools for obtaining and integrating the best available science;

generate understanding of the effects of management actions on natural resources whose function

and significance are not clearly understood;

e provide the framework for applying long-term research or monitoring in an adaptive management
context to evaluate results;

e provide the data for fully and openly evaluating environmental costs and benefits and, through
public involvement, incorporating mitigation measures; and

e underlie planning for clearly avoiding impairment of park natural resources and values.

Potential Role of Special Designation Areas

The Management Policies make available to parks two special site designations (Research Natural Areas
and Experimental Research Areas) that could be used to facilitate and focus efforts to restore the chestnut
to parks. Research Natural Areas are sites within parks that contain prime examples of natural resources
and processes, including significant genetic resources, and that have value for long-term observational
studies or as control areas for manipulative research taking place outside the parks. Experimental
Research Areas are specific tracts in limited situations that are managed for approved manipulative
research, which is research involving conscious alteration of existing conditions as part of the
experimental design.

Activities in Research Natural Areas generally will be restricted to non-manipulative research, education,
and other activities that will not detract from an area’s research values. Activities in Experimental
Research Areas involve a greater degree of manipulation as part of the research design but also can
include other potential uses, such as education or other activities that will not detract from the area’s
research purpose.

Decisions and Actions Involve Partners

NPS fully recognizes that many organizations are involved in efforts to restore the chestnut to the forests
of the United States. Management Policies encourage park managers to develop agreements
appropriately with others to coordinate chestnut restoration activities in ways that would maintain and
protect, not compromise, park resources and values, including the integrity of native gene pools and
natural ranges of species and ecological communities. In entering into such agreements, park managers
would be encouraged to work with other land managers to encourage the conservation of populations and
habitats of the chestnut wherever and whenever possible, including through such NPS actions as:

e participating in local and regional scientific and planning efforts, identifying chestnut local
population characteristics and ranges, and developing cooperative strategies for maintaining or
restoring park components of these local populations;

e preventing the introduction of new exotic species into units of the National Park System while
removing populations of the chestnut blight that have already become established in parks, and

e providing small quantities of chestnut genetic material from parks for cooperators to use in
selective breeding, genetic engineering, or propagule generation efforts.

At the same time, the Policies encourage managers to avoid the dissemination into the wild of chestnut
genetic material outside the native range of the chestnut, unless such dissemination is conducted under a



specific, scientifically-based management program designed to mitigate for a human-facilitated
environmental impact, such as habitat fragmentation or global climate change.

Decisions and Actions to Restore the Chestnut

Park actions to restore the chestnut would respond to clear goals, implement a proactive strategy, and be
based on the clear responsibility park managers have to preserve natural conditions. Goals could include:

e re-establishing in human-disturbed components of park natural systems (those where introduction
of the chestnut blight has nearly eliminated a dominant native species) the natural functions and
processes provided by the chestnut by restoring appropriate chestnut genotypes or the best
available surrogates;

e using the best available technology, within available resources, to restore the chestnut and, as a
result, to stimulate restoration of its associated biological and physical system components and
accelerate recovery of landscape and biological-community structure and function; and

e removing the exotic species or at least greatly reducing its role in the ecosystem.

Elements of an appropriate strategy would include:

¢ maintaining existing, in-park, local populations of native genotype plants that continue to resprout
following blight-induced death of their previous sprouts for the purpose of maintaining living
genetic material for future research efforts

e restoring the native species using organisms taken from populations as closely related genetically
and ecologically as possible to park populations, preferably from similar habitats in adjacent or
local areas, where possible;

e introducing different native genotypes where the management goal is to increase the variability of
the park gene pool to mitigate past, human-induced loss of genetic variability; guided by
knowledge of local adaptations, ranges, and habitat requirements, and detailed knowledge of site
ecological histories;

¢ introducing novel, non-native genotypes where the management goal is to develop a gene pool
that is genetically resistant to the chestnut blight, guided by a goal of inserting the resistance with
as minimal an insertion of other non-native genes as possible;

e applying the Service's integrated pest management (IPM) program to eradicate, or at least control,
the chestnut blight to whatever degree possible while reducing risks to the public, park resources,
and the environment from chestnut blight and blight management strategies; and

e utilizing appropriate soil conservation and soil amendment practices to facilitate restoring the
chestnut in ways that prevent or minimize adverse, potentially irreversible impacts on soils.

Given that the park is the basis and focus of NPS natural resource management programs, it is important
to recognize that:

e resource management is a local activity and the park superintendent exercises the responsibility
for, and is held accountable for, all actions that occur within the park — therefore, cooperative
actions to develop an NPS chestnut restoration activity would use the park and its partners as the
basic building block; and

e the Service's use of networks of parks for inventory and monitoring purposes would offer a
strategic opportunity for cooperatively applying metapopulation and biological corridor concepts
to chestnut restoration efforts.



DISCUSSION

From this review of NPS Management Policies, it becomes clear that NPS policy is not an issue for
determining whether or not to restore the chestnut to parks. Our current state of knowledge about the
status of the chestnut meets key policy provisions:

e extirpation is occurring and its cause is known to be an exotic species, hence the extirpation is
human-caused and management restoration is appropriate;

e the impact of the extirpation on park natural resources is apparent — loss of a dominant species,
probability of cascading ecological effects, associated human social and economic effects, all of
which possibly may constitute impairment; and

e amanagement response is clearly possible — minimize the effect of the exotic species both by
controlling the exotic species and by developing and planting seeds, seedlings, and saplings of a
blight-resistant chestnut genotype.

These policy provisions suggest a clear goal - restore a naturally functioning, natural ecosystem by
restoring a nearly extirpated native species, eliminating the exotic species or at least neutralizing its
impact on that native species, and restoring the ecosystem function once provided by the native species.

The policy goal of maintaining a practically appropriate level of genetic fidelity can be met. First,
although many of the original local population gene pools are so diminished they probably can not be
restored, there are a few existing, endemic, apparently disease-resistant North American genotypes that
can be propagated and disseminated as a means of maintaining at least some native genetic material in the
gene pools used for restoration. Second, specific, appropriate genes from several nearest-relative gene
pools can be injected into the residually available North American gene pools either through cross
breeding of North American and Asian genotypes or through using genetic engineering to insert selected
foreign genes into the residual native genotypes.

If a decision were to be made to implement this policy of restoring a species and its associated ecosystem,
there are clear science needs that must be met as part of planning, NEPA analysis, and developing
restoration methods. These information needs include:

e understanding how the existing ecosystems and their current floras, faunas, and physical features
might change if restoration were successful;

e assessing whether any native species would become at risk if restoration were successful;

e determining if there would be any risk of introducing other pathogens in association with planting
cultivated seeds or young trees;

e addressing what side effects, if any, individual park ecosystems or their local chestnut
populations would experience as a result of addition of a genetically modified chestnut to the
individual ecosystems;

¢ determining whether any physical alteration of existing ecosystems would be needed to achieve
an effective restoration and, if so, what would those alterations be; and

e developing park chestnut restoration activities as scientific experiments with good design,
methods, replication, and documentation — in essence, structuring these activities as adaptive
management.

Carrying out a chestnut restoration program clearly would have to involve the public. The program
would be a long term activity requiring support over many years. It would depend on the involvement
and good will of many partners. It would have to be based on a clear understanding by all participants of
the scientific basis for, and methodological requirements of, each of the possible management approaches.
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Because of its ultimate wide spread distribution over the landscape and through time, its probability of
success would depend on the level of stakeholder agreement, support, and participation maintained across
space and through time.

The NPS Management Policies provide a framework for determining what kinds of restoration
management action might be appropriate, for ensuring that scientific findings play a significant role in
informing the determination, and for broadly and effectively involving the public in the decision-making
process. For whatever management program might be adopted, the Policies leave to the discretion of the
site manager what specific mix of technologies to apply, with the mix at any given site being influenced
by such site-specific factors as what the science shows to be technically possible, what the environmental
analysis shows to be the trade-offs between environmental and human benefit and detrimental impact,
what actions the public involvement reveals to be locally and generally acceptable, and what fiscal and
human resources are likely to be available for conducting the management program over the projected
duration of the restoration effort.

CONCLUSION
National Park Service management policies encourage restoration of the chestnut to park ecosystems.
These policies require that such restoration be accomplished using a process that includes science,

planning, and public involvement. These policies strongly encourage adopting a management program
that emphasizes cooperation and collaboration with partners.
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HISTORICAL ECOLOGY OF AMERICAN CHESTNUT (CASTANEA DENTATA)
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Abstract: American chestnut (Castanea dentata) was a very common species in the forests of eastern
North America in the early 20" century when it was decimated by the introduced chestnut blight. The
post-glacial migration history of chestnut differed from its most common associates, oak and hickory due
most likely to differences in the ecological tolerances of the species. By 1500, both pollen evidence and
historical documents indicate that chestnut trees formed 5-15% of oak-dominated forests throughout the
northeast, as far north as southern New England. The vigorous sprouting of chestnut after it is cut
allowed it to develop widespread “sprout forests,” where chestnut trees were 50% or more of the stems in
many stands, after 18"-19™ century logging. This high concentration of chestnut stems may have
allowed the blight to spread very quickly throughout its range. In addition, many other changes have
occurred in regional forests over the last century, as they have responded to a variety of human-caused
disturbances. Thus, introduction attempts should take into account the time period that is of interest to try
to restore and the dynamics of current forests in considering what might be the fate of chestnut trees that
they reintroduce into today’s forests.

Key Words: historical ecology / sprout forests / pollen / historical documents

INTRODUCTION

Doomed sprouts of American chestnut (Castanea dentata) are widely dispersed throughout the hardwood
and hemlock/hardwood forests of the eastern United States today. In 1900, mature chestnut trees
dominated many of these stands, and were very common in many others. A species valued not only for
its majestic beauty, but also for timber and fruit, chestnut trees were planted well beyond their natural
range. A deadly chestnut blight from an introduced tree in New York City, however, destroyed all mature
trees in the early 20™ century, leaving only ghostly stumps and shrubby sprouts as legacies of this once
majestic tree.

A brighter future for the American chestnut may now be in the hands of foresters who have developed
strains resistant to the blight. In considering the possibility of restoring this native tree to its former
habitats, it is important to consider its former range, and its unique history as it developed to its
distribution at the time the blight killed the trees. There are two major reasons to consider this history.
> First, we need to establish an appropriate goal for restoration. Is there a specific period in
the history of this species that is particularly desirable? History can provide analogues that may
be considered as possible goals of restoration. This gives the restoration ecologists clear
endpoints to consider.

> Second, history can provide a picture of the changing distribution of the species, and of
other species that were associated with it, over time, as they may both facilitate and constrain the
likely outcome of restoration. Forests are always dynamic in their composition and structure, and
understanding these dynamics can allow restoration ecologists to evaluate potential trends and the
future of current changes. (Russell 1997).

I will discuss the history of the changing range of American chestnut and the other species with which it
was associated in two time periods: 1. from 10,000 BP to 1500 AD, as it migrated to its pre-Columbian
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range; 2. from 1500 AD to 1900 AD, after European settlement of the area. This discussion will be
based on the record left by trees in the form of pollen preserved in lake sediments and on the historical
documentary record. My analysis will focus mainly on the area from northern New Jersey to northern
New England, as that is where the most records of the historical distribution have been compiled.

METHODS
Pollen

Pollen preserved in lake sediments provides a unique record of the history of plants, especially in areas
which were covered with glaciers in the most recent (Wisconsinan) ice age, where disrupted drainage has
left many sedimentary basins which have accumulated sediments over the millennia. Many tree genera,
such as pines (Pinus) and oaks (Quercus), are pollinated by wind, so produce copious amounts of airborne
pollen. Others, such as maples (4Acer), are pollinated by insects, and produce less pollen, since pollination
is more assured when the insect carries pollen from tree to tree. American chestnut seems to fall in an
intermediate category of pollen production and dispersal. While insects do visit the male catkins of
chestnut trees, the trees produce large amounts of windblown pollen.

Pollen is identifiable under the microscope to varying degrees of specificity. Pollen analysts can
distinguish oak and hickory pollen only to genus. Chestnut is also identifiable only to genus. However,
only two species are found in eastern North America, and of these only Castanea dentata is widespread
and exists as a large tree that would distribute pollen any distance from the tree that produced it (Paillet
2000).

After pollen is released by a tree, it is carried by the air before falling to the ground. Even wind-
pollinated species drop a large proportion of their pollen within a few hundred meters of the tree.

After pollen grains land on a body of water, they eventually sink to the bottom and are incorporated into
the sediments. As sediments build up over the years, they thus contain a record of the trees and other
plants that have grown in the vicinity as well as of the openness of the vegetation. Pollen grains are very
resistant to decay in such as situation, and can provide a proxy for reconstructing past plant, especially
tree, distributions.

Large bodies of water, greater than a hectare or so, collect windblown pollen from large regions, 10’s of
kilometers from the lake, because there is a large ratio of surface area/shoreline. Smaller ponds and
hollows, on the other hand, may collect pollen from mainly local sources, 50 m or so from the
sedimentation site. These differences allow us to reconstruct vegetation that has produced the pollen on
both a regional and a very local, stand-level, basis.

When pollen is produced before leaves, as in the oaks, the wind currents often carry the pollen many
kilometers. Chestnut trees release their pollen after the leaves have expanded, which means that the
pollen, though copious, is often caught by leaves, and does not enter the air currents. This allows us to
interpret chestnut distribution from pollen preserved in sediments on a finer scale that we can determine
for many other species which produce large amounts of pollen. Finally, pollen of plants that grow close
to the ground in a forested landscape is not carried far, and mostly falls directly to the ground. If the trees
are cut, however, pollen produced below a meter by plants such as grasses (Poaceae) and ragweed
(Ambrosia) can be carried several kilometers. The recent ecological history of eastern North America,
characterized by massive regional deforestation after the arrival of European settlers can be dated by
increases in these weedy species, even when looking at areas that were not locally deforested.
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The pollen data that I will discuss come from three sources:

o First, for the brief discussion of the millennial record, I will use data compiled by Thompson Webb
II1, and published in numerous publications for interpreting many aspects of post-glacial vegetation
and climate trends. Specific references to the pollen collections can be found in Bernabo and Webb
(1977).

o The second set of data are those compiled by Russell and Davis (Russell et al 1993, Russell and
Davis 2001), which include more detailed records of species distributions over the last 500 years,
focusing on human impact on species distributions. These data only cover the area from northern
New Jersey north to north-central Maine — the area covered by Wisconsinan glaciation. The trends
detected in these data are, however, most likely similar to trends farther south, though further study
may either confirm or refute that speculation.

e Finally, I will discuss data from some very small sites in central Massachusetts, which allow the
reconstruction of very detailed stand histories (Foster and Aber 2004).

Historical Documents

After the arrival of European settlers in North America, written documents serve also to trace the history
of the distribution of forest species. Early travelers provided qualitative descriptions of forest resources,
often with excellent taxonomic accuracy. These almost always, however, lack any quantitative
information. The earliest quantitative data come from land surveys, generally what are referred to as
“metes and bounds” surveys which delineate properties. Surveyors were trained to recognize local tree
species, and often used trees as markers for property boundary corners. The parts of the United States
settled after the American Revolution were surveyed according to a very clearly codified rectilinear
survey, but the colonial lands were surveyed by a variety of methods, some quite systematic and others
much less so. By assembling these data, we can, however, obtain a remarkably consistent record of the
species distributions in the precolonial forests, before settlers cleared them for farms (Loeb 1987,
Whitney 1994, Russell 1997, Cogbill 2000).

The second set of documents that can provide evidence for the preblight distribution of American
chestnut is the plethora of forest surveys around the end of the 19" century by state surveyors. The states
had begun to realize that careless logging, grazing and fires had severely damaged their forest resources.
To evaluate the problem, they embarked on systematic surveys to provide information that could guide
their efforts to protect and improve their forests. These provide a snapshot of the condition, composition
and structure of the forests of this period, when most heavy logging had moved away from the original 13
colonies, leaving regenerating, generally young forests in the east, especially the northeast (Russell 1987).

DISCUSSION

From the end of the Wisconsinan glaciation to 1500 AD

When the extreme cold of the Wisconsinan glaciation dominated the northern half of North America, tree
species that today characterize forests north of the terminal moraine ranged far to the south, where
climates were considerably colder than they are today. They were found in novel assemblages, depending
on the local climate and the ecological tolerances of species for these conditions (Webb1988, Delcourt
and Delcourt 1987). The sketchy pollen record from this time period indicates that American chestnut
was a fairly minor component of forests dominated by oak, along with some other associates such as
hemlock (Tsuga canadensis)or black gum (Nyssa sylvatica) (Barclay 1957, Bender et al. 1979, Craig
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1969) in the southeastern Appalachian region. In Horse Cove Bog, western North Carolina, however, it
was represented in quantities of pollen almost equal to oak between about 1400-150 BP (H.R.Delcourt
and P.A.Delcourt, Pers. Comm, University of Tennessee, 1996). As climate moderated, the range of
chestnut expanded slowly northeastward along the Appalachian and Ridge and Valley Provinces,
reaching very large concentrations in some places before again declining (Barclay 1957, Davis 1983,
Webb 1988).

The spread of chestnut into the northern forests lagged behind the oaks and hickory (Carya). For
example, in southern New York oak had reached its current importance in the pollen record about 9000
YBP, while chestnut did not appear above 1% or so until about 4000 YBP (Maenza-Gmelch 1997).
Likely explanations include different climate tolerances coupled with its more demanding pollination
mechanism. Because American chestnut cannot self pollinate, a single tree growing beyond the current
range of the species could not produce fertile seeds to spread from this point, while a hickory or oak tree
could do so.

It is also possible that this distinct history is an artifact of studying all species of oak at one time, because
they cannot be distinguished in the pollen record. The different species of oak represented in the east
have quite varied ecological tolerances, while we can assume that we are tracing just one species in the
case of chestnut. After about 2500-2000 BP, chestnut reached its current range. There is some recent
evidence based on lake levels correlated with pollen data that it spread north as climate became more
humid after 2000 BP (Shuman et al. 2004).

1500 AD to the present

By 1500 AD, chestnut was a consistent member of the oak-dominated forests of many eastern forests,
according to the pollen record (Russell et al 1993, Davis 1983, Webb 1988). It has a much more
restricted range than oak or hickory throughout its postglacial history, being restricted to a fairly narrow
band along the Appalachian physiographic province (Davis 1983). Again, this may in part be due to
comparing all the species in one genus to one species. By 1500 AD, chestnut contributed 4-9% of the
pollen in lake sediments south of northern Massachusetts, where oak and hickory were the dominant taxa
in the forests. North of about 43°N, where spruce (Picea), pine, birch (Betula), hemlock and beech
(Fagus grandifolia) dominated the forests, chestnut was generally less than one percent of the pollen
indicating that it was at most a minor component of the forests (Russell and Davis 2001).

Historical records confirm and expand upon these pollen data. According to data compiled by G. Gordon
Whitney, American chestnut trees were generally 5-15% of the trees listed in early land surveys in
Pennsylvania, eastern Ohio, northern New Jersey, extreme southeastern New York, Long Island,
Connecticut, Rhode Island and the Connecticut River valley in Massachusetts. White oak (Quercus alba)
dominated these forests, with 25-65% of the stems, along with 5-15% hickory. These data have not yet
been compiled from farther south in the range of the species.

A breakdown of the data from the area from northern New Jersey and to western Massachusetts shows
some details of this distribution (Table 1). Chestnut was most common in forests dominated by oak, with
little hemlock or beech, while it was less common (though occasionally present) in areas where beech and
hemlock dominated the forests. In eastern West Virginia, chestnut was most common on ridgetops,
where it formed 15% of witness trees, compared with 2-5% in other topographic positions (Abrams and
McCay 1996). In Pennsylvania, chestnut was most common in the Allegheny Mountain physiographic
province, though present throughout the state. Here, too, it was most common on hilltops (Abrams and
Ruffner 1995).
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Table 1. Percent of trees in precolonial land surveys in northern New Jersey, eastern Pennsylvania,
eastern New York and western Massachusetts (data from Russell 1981, Biirgi et al. 2000, McIntosh 1962
and unpublished data for the Shawangunk Mts. and Rensselaerville, NY)

n.e.NJ | n.e. PA | ne. PA e. NY e. NY e. NY w. MA
(Morris (Pike (Wayne | (Shawangunk | (Catskill | (Rensselaerville) | (Berkshire
Co.) Co.) Co.) Mts.) Mts.) Co.)

Chestnut 15 7 1 7 0 0 6
Oak 64 40 6 41 0 4 16
Beech 1 3 36 1 50 48 23
Hemlock 0 5 22 4 20 14 19
Maple 4 7 16 6 14 14 11
Pine 0 27 3 6 0 1 7
Total
number 199 1921 939 342 3744 114 1730
of trees

Some details of local distributions and response to disturbances have been found in studies in central
Massachusetts (Foster and Aber 2004). In these studies, pollen from small hollows or mor humus soils
reflects the proportion of trees growing within 50 meters or so of the sampling point. Chestnut
importance appears to have alternated with oak where oak was dominant. In another site, it appears that
chestnut responded quickly to disturbance, but was supplanted by hemlock after the chestnut blight.

Whatever further study may reveal, however, it appears that on a broad scale, of a county or more,
chestnut was a consistent but fairly minor associate of oak, especially white oak in the precolonial forests.
How can we reconcile this with evidence of forests dominated by chestnut at the turn of the 19™ century
(Russell 1987)? The answer lies in the physiology of the species, in particular, its tendency to sprout
vigorously from the root crown when it is cut (Paillet 2000).

Between the first settlement of the eastern United States by European settlers and 1900, the new
inhabitants cleared all but the most remote and difficult to reach forests. Some land was turned into
farms, but much that was not good agricultural land was repeatedly cut over for fuel and timber,
especially for making charcoal to feed iron forges and furnaces. The forests of the first half of the 20"
century were designated by E. Lucy Braun as “sprout hardwoods” referring to this tendency to sprout
(Braun 1950). There is evidence in the pollen record for this change in the importance of chestnut in the
forests of the northeast (Russell et al 1993, Russell and Davis 2001). Chestnut is one of the species that
consistently increases in proportion of the tree pollen after the increase in agricultural indicators in the
pollen record. It is not a major pollen producer like birch, which also increased, so the apparently small
increase recorded in the pollen most likely translates into a much greater increase in the proportion of
trees in the forest.

It is likely, therefore, that the forests that the blight decimated were primed to spread a pest like this.
While not forming a monoculture, the species was very common by this time, and thus allowed the blight
to spread quickly throughout its range (Russell et al. 1993). The distribution and abundance of sprouts in
forests today reflect a forest greatly modified by the impact of European settlers. That these sprouts
represent seedling trees, not the forest giants, is even more suggestive of the dynamic position of chestnut
in these early 20™ century forests (Paillet 2000).
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Today’s forests reflect this complex history. Chestnut sprouts abound, and their distribution indicates the
sites that are most appropriate for chestnut to succeed. Disturbance is a positive force for chestnut
growth. The current forests of the United States have changed significantly in species composition in the
last 500 years, with a general decrease in the amounts of hemlock and beech and an increase in birch.
Given the associates of chestnut in the historical record and its responses to disturbance, it seems likely
that it would respond well to current conditions.
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FOREST HEALTH IMPACTS OF THE LOSS OF AMERICAN CHESTNUT
(transcript of presentation)

Steve Oak
USDA Forest Service, Forest Health Protection,
P.O. Box 2680, Asheville, NC 28802 USA (soak@fs.fed.us)

INTRODUCTION

I consider thus meeting and these topics — the restoration of American chestnut and trying to return
chestnut to an important ecosystem component in southern Appalachia or in the Appalachians of the
Eastern United States — to be very important. My life has been consumed recently with sudden oak death.
I leave tomorrow to train the last of three groups of people involved in an expanded early detection survey
for sudden oak death. I open that training by helping people visualize what it might have been like in the
days, weeks and months after the initial discovery of chestnut blight in the Bronx Zoo and it kind of
brings the message home. We don’t know if that is what is going to happen with sudden oak death, but it
does represent one of the possible outcomes on a continuum from innocuous or no impact to a chestnut
blight type of scenario.

FOREST HEALTH

“Health and integrity are not inherent properties of an ecosystem and are not supported
by either empirical evidence or ecological theory.” (Wicklum and Davies 1995)

I will start with a bit of discussion on forest health. This would be a short talk if this was the definition
that we accepted — that essentially there is no such thing as forest health. Health and integrity are not
inherent properties of an ecosystem and are not supported by either empirical evidence or ecological
theory. I could stop there, but [ won’t.

A draft Forest Service Policy was set forth in 1996 and ’97. It is still a draft because when you try to
bring diverse groups of people together and come to consensus, you end up with chaos, usually. This is
still a draft policy, but there are elements that I want you to think about as we walk through the talk.

Forest health is measured at a landscape scale. We are not talking about tree health or even stand health,
but forest health — consider it on a landscape scale. The notion of forest health carries with it the idea of
ecological integrity and that forest components and relationships are all present, functioning, and self-
renewing. And you can imagine what the elimination of chestnut as a functioning ecosystem component
did in the early part of the 20" century — how was that affected, that ecological integrity component?
Forest health also has a human dimension — the idea that forests should provide for human values, uses,
products, and services. And those values etc. are fluid; they change with our ideas about why forests are
important.

It’s appropriate that the previous presentation was about forest history and what was originally here. Ten
thousand years ago the forest composition was quite different from what it is today. That pushes back the
perspective from what is was like at European settlement and when the first native people were in this
area to the idea that these forests are nothing if not ever-changing as a result of the way that people
interact with the forest. I will start with this supposition that southern Appalachian forest landscapes are
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unprecedented in history. There’s never been anything like what you see here today. And the forest that
will result in decades hence from what is there today will be like nothing else that has ever existed in the
past. The components of these ecosystems were already in place, I’ve read, about 58 million years ago,
ebbing and flowing with ice sheets and fire. But it really wasn’t until the last 10,000 years or so, or
maybe even more recently than that, that we’ve had forests that resemble in structure and composition
what was present at European settlement. So why has there never been anything like what we see here
today? Of course one important thing, and perhaps the most significant element, was the introduction of
the chestnut blight, with ground zero at the Bronx Zoo in 1904.

PROGRESSION OF THE CHESTNUT BLIGHT

It may be something of a fallacy to think of the chestnut blight moving through the eastern hardwood

m forests in a wave, nothing in front of this wave and
devastation behind it. But I draw your attention to a little
spot of infection in Bedford County, Virginia (circle in

% o* Figure 1), four or five years after discovery of the blight in
- New York, well in front of the general advance. There is
no way that occurred from a continuous spread, and I

3 suggest that this and many other infection sites were the
result of subsequent introductions or movement of infected
material either prior to or after the discovery in New York.

In 1911, the infestation in Bedford County, Virginia, was
~ : well ahead, or outside of, what might be referred to as the
advancing front (Figure 2). Maps from literature
published in the 1920’s about the progress of the blight
through the southern Appalachian assessment area show
e infection in Greenville County, South Carolina/Henderson
Figure 1. Chestnut blight distribution in County North Carolina, in 1926 (Fi'gure. 3). It was known
1909 (Metcalf and Collins 1909). O = ‘Fhat at t.he border between Polk, which is the coun‘Fy
Bedford County. VA. immediately to the East of Henderson and Greenville
County, there was an infestation dated back to 1912, based
on the regular increments and dating of cankers at that location. So, there in 1912, and in 1908 in Bedford
County, shows that it was not a continuous spread, not an even wave running through the system.

The blight wasn’t the only thing going on (in the woods) at that time. There was heavy duty forest
utilization. What I try to point out to people, is that what forms the structure of today’s forest is a result
of not just the chestnut blight, because land use practices and events immediately prior to and just after
the chestnut blight were very important as well. Some of those were fire and heavy utilization, and then
with regard to fire, not just the presence of fire, but then the almost complete absence of fire following the
Weeks Act and the formation of the National Forest and Cooperative Forest Fire Control Programs in the
states. So you went from a heavy disturbance regime, introducing chestnut blight on top of that, and then
ceasing most heavy disturbance activities.

Table 1 summarizes the pre-1900 and current conditions of the southern Appalachian forests. The
southern Appalachian forests before 1900 were dominated by American chestnut in many places.
Whether this was an artifact of disturbance by native people or early European activities is less relevant
than what was there and being impacted at the time. But anywhere from a quarter to a third, depending
on the inventory that you read from the period, in this core Appalachian area of North Carolina-
Tennessee-North Georgia-Virginia, had sparse understories, large, widely spaced overstories, and a high
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level of disturbance from farming, logging, and fire. When fire regimes were altered, and with oaks
already an important part of the forest, oaks were positioned to take the newly available space that was
made available with the loss of chestnuts. So now we have dense understories, dense overstories of
somewhat smaller diameter trees, and relatively low disturbance regime as compared with the historical
past. And then there was the introduction of the gypsy moth, a non-native defoliator, fires suppression
programs and a growing human population. These are the backdrops against which we interpret forest
health changes.

Status in 1926

Figure 2. Chestnut blight distribution in 1911
(Metcalf 1912).

Infection Class
B Class1= 1-29 % Infected
B Class 2 = 30 - 79 % Infected

Figure 3. Chestnut blight epidemic in the | Class 3 = 80+ % Infected
Southem Appalachians in 1926. Class 4 = Not Surveyed or None Detected

Table 1. Composition, structure, and disturbance profiles of southern Appalachian forests, pre 1900’s vs.
present day.

Pre-1900 Current
American chestnut Aging oak cohort
Sparse understory Dense understory
Large overstory Dense overstory
High disturbance Low disturbance
Farming Gypsy moth
Logging Fire suppression
Fire Human population
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FOREST HEALTH IMPACTS OF THE LOSS OF AMERICAN CHESTNUT

This is a quote from Smith (1976) from the ‘Changes in Eastern Forests’ article in Perspectives in Forest
Entomology:

“We are perhaps entitled to speculate that our chronic and alarming problems with the
gypsy moth and other oak defoliators in the eastern or Appalachian portions of the mixed
deciduous forest could be as evil a consequence of the chestnut blight as the loss of
chestnut itself.”

Oak decline is a disease that I will be discussing as a major forest impact of chestnut blight. Again, these
oaks came in as a relatively even-age cohort after the loss of chestnut. They have grown up pretty much
without disturbance since. People who drive the parkway up on the ridge above you here look out at the
landscape and think that it has always looked like this. It is wonderful that we have this preserved area,
but in fact this landscape is probably less than 100 years in the making.

What is oak decline?

The symptoms of oak decline are a progressive dieback from the top down and outside in, on dominant
and codominant oaks trees that have proved their competitive metal over the decades. Again, decline is
progressive from the standpoint that it may take years or even decades to progress from those initial
symptoms to more advanced symptoms. In late stage symptoms you have epicormic sprouts coming off
the main stem. There can be a gradation of twig condition, from twigs that still have buds on them, and
are very recently dead, to branches that have dieback. But these are signs of a progressive dieback, taking
years or even decades, progressing to mortality in susceptible trees. The species in the red oak group are
more susceptible to oak decline mortality than those in the white oak group.

According to Sinclair (1965), oak decline etiology begins with factors that predispose the tree to decline
(predisposing factors):

*  Soil depth and texture

*  Species composition

e Competition

*  Physiologic age

* Topography

¢ Climate trends, past events
*  Air pollution

These are longstanding conditions that predispose trees to effects that we will discuss. But one in
particular, physiologic age, is different from chronological age. An 80-year-old tree is not an 80-year-old
tree; it depends on where it is growing. An 80-year-old tree on a poor quality site, or a low productivity
site, such a site index of 60, is more mature physiologically than that same age tree growing on a more
productive site, say with a site index of 80. And we use this in modeling work to predict where oak
decline is likely to be a problem.

The second group of factors are the inciting factors (Sinclair 1965):

e Defoliation

*  Drought

¢ Frost

e Stand disturbance
*  Air pollution
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These factors are relatively short term, occurring at a point in time or a period of time that can be
identified with the inciting event. And defoliation, spring defoliation in particular, is an important factor
here. What happens with spring defoliation is that the carbohydrate chemistry of the tree is altered. Food
is stored in roots as starch. In times of stress, such as when the crown is removed, the tree has to mobilize
that starch into sugars.

Finally, there are the contributing factor (Sinclair 1965), such as:

* Root pathogens
Armillaria root disease
*  Canker pathogens
Hypoxylon
Shoot cankers
* Boring insects
2-lined chestnut borer
Red oak borer

Root diseases, for example, can take advantage of a tree weakened by inciting factors through recognizing
chemical changes in the roots and then switching from a saprophytic to a pathogenic relationship with the
tree. These include Armillaria root disease, and in particular Armillaria mellea..

Using FIA data points of various dissections of forest type, the oak forest type is the most common one in
the East, of course, and the message is that “there sure is a lot of oak out there” (Figure 4). When plots
are displayed that are ‘vulnerable’, meaning that they have a relatively high basal area of oak, these are
really saw timber and pole timber stands that have a high concentration of oak (using size as a surrogate
for age). Vulnerable plots are concentrated in the Appalachian Mountains, the Blue Ridge in Virginia, the
Eastern and Western Highland Rims in Tennessee, and the Ozark Mountains in Arkansas. “Affected”
stands in Figure 4 are those in which oak decline symptoms are actually present, and these reveal a
pattern. There is about 3.6 million acres of oak forest type in the 12 southern states of this region, about
10 percent of the total in the East. Oak and oak decline are especially abundant in the southern
Appalachians, where chestnut would have been concentrated.

Vulnerable Affected

Figure 4. FIA oak decline analysis for the USDA Forest Service’s Southern Region, 1984-1989
inventory cycle.

We mentioned earlier that defoliators have an important impact. The fall canker worm is a common
defoliator, but probably made more serious by the loss of chestnut and its replacement with oak, as their
favorite food is oak leaves. There was an outbreak of fall canker worm on some 10,000 acres on the Blue
Ridge Parkway a couple of years ago that resulted in some tree mortality. This is an example of why
spring defoliation is important in the oak decline scenario and in general tree health. Oaks produce an
instant crown in the spring. If something comes along and removes those leaves in the first few weeks,
then the tree has to make a decision about replacing that foliage, and starch needs to be converted to
sugars from the roots. Spring defoliation stimulates a refoliation before the starch can be replenished, and
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then you get the root diseases coming in. And the lesson also is that compounding stresses such as
defoliation in combination with drought unhappily occur together frequently. Nitrogen content in leaves
go up in drought periods, which makes it more palatable to insects, a positively-reinforcing loop. When
predisposed oaks of advanced age are defoliated in the spring, combined with drought, disaster is waiting.

Another added element is the gypsy moth, a non-native defoliator. The male has feathery antennae and
the sex pheromone is from the female, which doesn’t fly. Unhappily, the gypsy moth prefers oak species
as host; they love to eat oak leaves. Among the more resistant species is the dearly departed American
chestnut, and there is another array of hosts that are also relatively immune (Table 2.). Some other
immune hosts are species that we do not need necessarily need more of. The bottom line is that the
replacement of chestnut, a relatively resistant host to the gypsy moth, with the much more preferred oak
again has forest health implications, especially in the oak decline scenario.

Table 2. Tree host preferences for gypsy moth.

Gypsy Moth Preferred Hosts Gypsy Moth Resistant Hosts Gypsy Moth Immune Hosts
Oak species American chestnut and beech Ash

Basswood Cottonwood and sourwood Fir

Sweetgum Sweet and yellow birch Grape and holly
Serviceberry Hemlock and pines Black locust

Hornbeam, hop-hornbeam Blackgum and buckeye Sycamore

Willow Walnuts and hickories Yellow-poplar

Apple Black cherry and elms Striped maple

Aspen Cucumbertree and sassafras Dogwood

Gray, paper, and river birches Red and sugar maple Mountain-laurel

Outbreak frequency, severity, and periodicity tend to be different between native and non-native
defoliators, and this has forest health implications. Outbreaks of non-natives tend to be more severe and
have shorter return intervals than outbreaks of native species.

So to summarize the chestnut blight-oak decline-gypsy moth interactions, we have an introduced
pathogen superimposed on an altered forest due to the loss of chestnut and replacement with oak. That is
an oversimplification; oaks weren’t the only species to come in, but they were a very significant
component to replace chestnuts. But when you impose the interacting factors of oak decline, gypsy moth,
forest composition, and existing composition, oaks will decrease as a result of oak decline. This is
somewhat site specific. Sometimes oaks replace themselves, but often they don’t. The usual case is that
there is incomplete oak replacement. So when a forest has 40-60 percent oak prior to these disturbances,
you may end up with 20-25 percent remaining afterwards. Nobody projects that oaks will be lost
completely; you couldn’t get rid of them if you wanted to. There is an increase in the taller, mid-story
species, and it is the same scenario as what happened when oaks were positioned to take newly available
space when the chestnut went out. You get shade tolerant mid-story species as a result of going decades
without disturbance (no fire, no cutting, or very little anyway). You have a build-up in the mid-story of
shade tolerant species like red maple, blackgum, and sourwood. Of course, this does not matter if all you
want is something green out there. But if you place differential value on different species, then this could
be a bad result, especially with regard to wildlife habitat components.
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Evidence of forest composition change

Unpublished data from the USDA Forest Service’s Forest Inventory and Analysis (FIA) unit was
assembled by Bob Anderson, recently retired. This was a study of a cluster of counties in northern
Virginia where gypsy moth, oak decline, and dogwood anthracnose have come together over a number of
decades. Between 1977-92, approximately three inventory cycles, there was a major change in trees 17
inches and larger in diameter at breast height (Figure 5). The bottom line is that the large-tree component
increased dramatically, especially for eastern white pine but other species, also. That is a positive change.
But the picture is very different at the other end of the size spectrum. In the trees 1-5 inches in diameter,
which are going to be the next forest, over the same period of time, eastern hemlock showed a fairly
robust increase but all other species declined. At the bottom, with the most negative changes, were the
oak species. So the next forest is probably going to have a smaller oak component.

Hemlock
Sweetgum
Elm

E White Pine
Yellow Poplar
Scarlet Oak

Hickory

VA Pine

Table Mtn Pine
Bl Locust

Virginia Pme
Hemlock

N Red Oak [
Red Maple
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20

Pitch Pine

White Oak

N Red Oak
Black Oak
Chestnut Oak
Scarlet Oak

PERCENT CHANGE PERCENT CHANGE

Figure 6. Forest composition in northern VA,
change in trees 1.0-4.9" d.b.h., 1977-92.

Figure 5. Forest composition in northern VA,
change in trees 17+" d.b.h., 1977-92.

All of these changes have consequences for wildlife habitat. The mast quality and quantity is reduced,
and this has consequences not only for food for mast-loving wildlife, but also in oak regeneration
opportunities. This must be put in the context of oak as an incomplete surrogate for chestnut, and what
chestnut provided in decades past. We have an increase in small openings, not such a bad thing in some
contexts, depending on which wildlife species you are talking about and the landscape you are dealing
with. There will be a change in species composition, both in the abundance and diversity of oaks, since
the red oak group is more susceptible to the decline mortality than is the white oak group. Reduced
canopy density, an increase in denning sites for types of wildlife, and structural changes from dead and
downed wood, standing snags and so forth could be a good thing. But how many dead snags do you need
in a landscape before they can no longer be exploited by the available wildlife populations? We tried to
model what the effect of oak decline would be on acorn production. If all standing trees were alive,
healthy, and producing an average amount of mast per year, the annual mast production would be
somewhere on the order of 280 pounds per acre. But, of course, many of those trees aren’t alive. A real
stand was modeled in Virginia, on the Deerfield Ranger District on what is still the GW Jefferson
National Forest. Mast production from the dead oak was, of course, zero, and some trees had partial
crown dieback and partial reduction in their mast-production capacity. Instead of 280 pounds per acre,
the stand was producing 168 pounds on average. Projecting the current pace of decline, knowing that red
oaks decline faster than white oaks, we predict that within 10 years of this inventory there will be only
115 pounds per acre. Again, superimpose this on the context of a chestnut forest prior to its loss and
replacement with oak. We don’t have an accurate number for the mast production of chestnut historically
on this kind of a site, but it might have been measured in tons per acre rather than hundreds of pounds per
acre.
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Sudden oak death and chestnut

How does sudden oak death, or the potential of sudden oak death, fit into this? I tell people that there is a
wide spectrum of possible outcomes with sudden oak death, from a chestnut blight type of scenario to
innocuous. Sudden oak death was confined to the West Coast (and Europe) until March of this year. It
wasn’t in the East until the disease (caused by Phytophthora ramorum) was shipped on nursery stock to
virtually all of the states plus Puerto Rico and the Virgin Islands. However, introduction does not
necessarily mean establishment. So what does sudden oak death look like? The diagnostic symptom is a
: i bleeding stem canker on
oak, but there are a lot of
agents that cause cankers
on oak stems. So
bleeding cankers are not
strictly speaking
diagnostic, but a good
clue. The bleeding is a
running, wine or
burgundy colored ooze
(Figure 7). Underneath
the bleeding spot are
irregular lesions. On
other species, P.
ramorum infection may
cause only shoot dieback

Figure 7. Phytophthora ramorum diseases — bleeding stem canker, shoot (madrone) or leaf blight

dieback, and leaf blight (clockwise from left). (California-laurel). It has
been said that sudden oak

death is neither sudden, doesn’t affect only oaks, and doesn’t always result in death. So maybe that is not
a good name. But it has crept into the common usage. You would have to say at the low end of the
symptom scale that it might be 5 or 10 years from the infection to mortality. We haven’t been looking
long enough to know if some trees can recover. It doesn’t appear so.

Prior to March 2004, the distribution of P. ramorum in North America was thought to be confined to the
West Coast, to 12 central coastal California counties plus Curry County, Oregon, just north of the
California border and a couple of hundred miles north of the most northerly known site in California. We
tried models to guide our survey efforts, to have a risk-based survey and to focus our resources in places
where we were most likely to find this disease. We looked at climatic variables where the disease exists