
Fostering Resilient Stands and Landscapes with 

InnovaƟve Silviculture 

Compiled Abstracts of the 2024 NaƟonal Silviculture Workshop 

Tacoma, Washington  July 16‐18th, 2024 

 

Patch cut treatment at the Copper Ridge Unit of the Silvicultural Options Study in Capitol Forest (Photo 
Credit: Robert Slesak, USDA Forest Service) 

 

 

 

 



Sponsored by: USDA Forest Service, Washington Office Forest Management, Rangelands 

Management, and VegetaƟon Ecology, Washington Office Sustainable Forest Management 

Research, Pacific Northwest Region, Pacific Northwest Research StaƟon 

Workshop Planning and Program CommiƩee: Robert Slesak (Program Chair), USDA‐FS – Pacific 

Northwest (PNW) Research StaƟon, David Gwaze, USDA‐FS – NaƟonal Forest System (NFS) 

Washington Office, Robyn Darbyshire, USDA‐FS – NFS Region 6, John Bailey, Oregon State 

University, Ken Borchert, BIA – NW Regional Office, Florian Deisenhofer, Washington 

Department of Natural Resources, Crystal Perez Gonzalez, USDA‐FS – Enterprise Program, 

George McFadden, Bureau of Land Management – OR/WA Region, Kellen Nelson, USDA‐FS – 

PNW Research StaƟon, Daniel Norlander, Oregon Department of Forestry, Thomas Schuler, 

USDA‐FS ‐ Research and Development Washington Office.  

Disclaimer: Abstracts were provided by the authors in final form. Authors are responsible for 

the content and accuracy. Opinions expressed may not necessarily reflect the posiƟon of the 

U.S. Department of Agriculture. 

Recommended CitaƟon:  

Slesak, Robert A.; Gwaze, David; Darbyshire, Robyn, tech. coords. 2024. Fostering resilient 

stands and landscapes with innovaƟve silviculture: compiled abstracts of the 2024 NaƟonal 

Silviculture Workshop. Portland, OR: U.S. Department of Agriculture, Pacific Northwest Research 

StaƟon: 83 p. 



National Silviculture Workshop, Tacoma, WA, July 16-18, 2024 

1 

Compiled Abstracts - Table of Contents 
 

KEYNOTE ADDRESS 

SILVICULTURAL CHALLENGES IN AN UNPREDICTABLE WORLD…………………………………………….7 

John D. Bailey 

 

SESSION 1 

TRAINING THE NEXT GENERATION OF SILVICULTURISTS IN THE US FOREST SERVICE………………8 

 David Gwaze and Megan Lowell 

UPDATING SILVICS OF NORTH AMERICA PROJECT (USNAP): PROGRESS, TIMELINE, AND 
INVOLVEMENT ………………………………………………………………………………………………………………9 

 Steven McNulty, Susan Lott, Sebastien Meunier, and Cameron Skelly 

OPERATIONALIZING THE REPLANT ACT AND NATIONAL STRATEGY TO FOSTER FUTURE 
FORESTS………………………………………………………………………………………………………………………10 

 Nicole Balloffet and Christopher Dahl 

 

SESSION 2 

SYNTHETIC STANDS – AUTOMATED FIA BIGMAP-DERIVED INPUTS FOR STAND SILVICULTURAL 
MODELING TOOLS LIKE REGEN3…………………………………………………………………………………….11 

Bernard N. Isaacson, Barry T. Wilson, Margaret Woodbridge, Christopher M. Oswalt, Tara 
Keyser and Callie J. Schweitzer 

DRONE AUGMENTED FOREST INVENTORIES TO INFORM SILVICULTURAL PRESCRIPTIONS FROM 
TREE TO STAND SCALES…………………………………………………………………………………………………12 

 Wade T. Tinkham, Michael Battaglia, George Woolsey, and Lance Asherin 

NEW TOOLS USING AERIAL LIDAR ASSESS FOREST RESILIENCE & INFORM MANAGEMENT 
DECISIONS ON SPATIAL HETEROGENEITY…………………………………………………………………………17 

 Bryce Bartl-Geller, Jonathan Kane, Sean Jeronimo, Caden Chamberlain, Van R Kane 

MODELING REGIONAL DYNAMIC SITE-SPECIES RELATIONSHIPS FOR QUANTIFYING US FOREST 
CARRYING CAPACITY…………………………………………………………………………………………………..…20 

 Mark Kimsey 

WHAT GENETIC RESOURCES CAN CONTRIBUTE TO NATIONAL FOREST MANAGEMENT….……….21 

 Keith Woeste and Arnaldo Ferreira 



National Silviculture Workshop, Tacoma, WA, July 16-18, 2024 

2 
SILVICULTURAL INNOVATION USING LEARNING-BASED COLLABORATION ON THE OLYMPIC 
EXPERIMENTAL STATE FOREST…………………………………………………………………………………………22 

Bernard Bormann, Greg Ettl, Teodora Minkova, Daniel Donato, Robert Slesak, and Courtney 
Bobsin 

 

SESSION 3 

A CASE FOR MULTI-AGED INCREMENTALISM IN PONDEROSA PINE FORESTS…………………………24 

 Justin S. Crotteau, Neil G. Williams, Shelagh Fox, Cheri Hartless, and Sharon M. Hood 

DRIVERS OF CHANGE IN MATURE AND OLD-GROWTH FOREST NATIONALLY OVER THE LAST 20 
YEARS…………………………………………………………………………………………………………..……………..25 

 Andrew Gray 

CLASSIFYING MATURE FEDERAL FORESTS IN THE UNITED STATES: THE FOREST INVENTORY 
GROWTH STAGE SYSTEM…………………………………………………………………………………………..……26 

Woodall, C.W., Kamoske, A.G, Hayward, G.D., Schuler, T.M., Hiemstra, C.A., Palmer, M., 
Gray, A.N. 

LONG TERM STAND DYNAMICS AND STRUCTURAL CHARACTERISTICS OF OLD GROWTH AND 
MANAGED FORESTS IN SOUTHERN ILLINOIS…………………………………………………………………….27 

 Jacob S. Fraser, Lauren S. Pile Knapp, and Dacoda Maddox 

FOREST RESOURCE INDEX FOR DECISIONS IN ADAPTATION (FRIDA): A LIBRARY OF RESOURCES 
FOR FOREST STEWARDSHIP  …………………………………………………………………………………………..28 

Lauren Kramer and Emile Elias 

 

SESSION 4 

PRACTITIONER PERSPECTIVES ON ASSISTED MIGRATION AND ADAPTING REFORESTATION IN A 
WARMING CLIMATE……………………………………………………………………………………………………….29 

 Michelle C. Agne and Robert A. Slesak 

PLANNING FOR THE FUTURE: THE ADAPTIVE SILVICULTURE FOR CLIMATE CHANGE (ASCC) 
NETWORK  ……………………………………………………………………………………………………………………30 

 Maria Janowiak, Linda Nagel, Courtney Peterson, Christopher Swanson, Maria Vicini 

INFORMING REFORESTATION IN THE WESTERN US: THE EXPERIMENTAL NETWORK FOR ASSISTED 
MIGRATION AND ESTABLISHMENT SILVICULTURE (ENAMES)……………………………………………….32 

 Robert A. Slesak, Michelle C. Agne, Christopher E. Looney, and Jessica W. Wright 



National Silviculture Workshop, Tacoma, WA, July 16-18, 2024 

3 
POLICY TO PRACTICE: OPERATIONALIZING FORESTRY ASSISTED MIGRATION ON NFS 
LANDS…………………………………………………………………………………………………………………………33 

 Andrew Bower and Katie Frerker 

MANAGING FOR RESILIENCE AND ADAPTIVE CAPACITY IN SOUTHWESTERN ASPEN 
ECOSYSTEMS………………………………………………………………………………………………………………..34 

Connor D. Crouch, Nicholas P. Wilhelmi, Paul C. Rogers, Margaret M. Moore, and Kristen M. 
Waring 

BALANCING CLIMATE CHANGE ADAPTATION WITH FOREST CARBON AND BIODIVERSITY 
OBJECTIVES IN MATURE WESTSIDE FORESTS……………………………………………………………………35 

 Neil G. Williams, Matthew D. Powers, and Justin S. Crotteau 

 

SESSION 5 

LOG LANDINGS ARE FOR THE BEES: A CASE STUDY IN THE COPRODUCTION OF ACTIONABLE 
SCIENCE TO BENEFIT NATIVE POLLINATORS……………………………………………………..………………36 

Lauren Pile Knapp, Aliza Boles Fassler, Morgan Davis, Dan Dey, John Kabrick, David King, 
Ben Knapp, Susannah Lerman, Debbie Page-Dumroese, Will Rumpf, and Sloane Scott 

CREATING AND MAINTAINING RESILIENCY IN MATURE LONGLEAF PINE WOODLANDS……..……38 

 Joshua J. Puhlick and Benjamin O. Knapp 

SPECIES AND STAND DENSITY EFFECTS ON ADAPTATION TO EXTREME CLIMATE EVENTS IN MOIST, 
WESTSIDE PACIFIC NORTHWEST FORESTS……………………………………………………………………….39 

 Matt Powers, Madelene Elfstrom, Emily Von Blon, and Carlos Gonzalez-Benecke 

STRATEGIC SILVICULTURE AND ECONOMIC INCENTIVES TO REDUCE CROSS-BOUNDARY 
WILDFIRE RISK IN A WCS LANDSCAPE……………………………………………………………………………..43 

 John Riling, Tim Leishman, Justin Crotteau and Mike Battaglia 

LANDSCAPE EVALUATIONS TO RESTORE LANDSCAPES AND REDUCE WILDFIRE RISK IN THE 
CENTRAL WASHINGTON INITIATIVE…………………………………………………………………………………44 

Derek Churchill, Peter Wier, Kerry Kemp, Ana Barros, Chuck Hersey, Garrett Meigs, Paul 
Hessburg 

 

 

 

 



National Silviculture Workshop, Tacoma, WA, July 16-18, 2024 

4 
POSTER SESSION 

TERRESTRIAL CONDITION ASSESSMENT: ECOLOGICAL INTEGRITY AT THE LANDSCAPE 
SCALE………………………………………………………………………………………………………………………….45 

Sarah Anderson, Keith Reynolds, Joanne Baggs, Andy Colter, Alix Cleveland, Robyn 
Darbyshire, Don Long, Lisa Kluesner, Larry Laing, Kevin Megown, Brett Ruether, Ryan Rock, 
Abigail Schaaf, Estella Smith, Borys Tkacz, and Zackary Werner 

DIAGNOSING REGENERATION FAILURE IN WESTERN REDCEDAR (THUJA PLICATA) IN MOIST 
HABITATS IN THE NORTHERN ROCKIES: FROM SEED TO SEEDLING………………………………………46 

 Hannah E. Basham, Jason R. Reinhardt and John C. Byrne 

RESTORATION MANAGEMENT EXPERIMENT IN MEXICAN SPOTTED OWL (MSO) PROTECTED 
ACTIVITY CENTERS ON THE LINCOLN NATIONAL FOREST IN SOUTHEASTERN NEW 
MEXICO…………………………………………………………………………………………………………..……………47 

 Marisa A. Bowen 

SNOW FOR TREES: FORESTRY TECHNIQUES TO SLOW SNOW-MELT AND INCREASE SOIL 
MOISTURE………………………………………………………………………………………………………….…………48 

 Rowan Braybrook and Jaal Mann 

ADAPTIVE FOREST RESTORATION: PLANTING THE RIGHT TREE, AT THE RIGHT SITE, FOR THE RIGHT 
REASONS………………………………………………………………………………………………………………..……49 

Rowan Braybrook and Rolf Gersonde 

TERRESTRIAL ECOLOGICAL UNIT INVENTORY: WORKING AT MULTIPLE SCALES………..……………50 

Andy Colter, Joanne Baggs, Estella Smith, Anna Peterson, Abby Achtenhagen, Conner Reed, 
and Anthony Whaley 

INCREASING RESILIENCE IN THE NORTHERN ROCKIES MIXED CONIFER FORESTS…………………51 

 Mady L. Litzenberger, Jason R. Reinhardt, Andrew J. Sánchez Meador 

SILVICULTURAL CANOPY GAPS IMPROVE HEALTH AND GROWTH OF EASTERN HEMLOCKS 
INFESTED WITH ADELGES TSUGAE IN THE SOUTHERN APPALACHIAN MOUNTAINS…………..……52 

Albert E. Mayfield III, Robert M. Jetton, Bryan T. Mudder, William A. Whittier, Tara L. Keyser, 
James R. Rhea, and Margaret Woodbridge 

PLANT UNDERSTORY DYNAMICS ACROSS A LANDSCAPE SILVICULTURE EXPERIMENT IN THE 
NORTHERN ROCKIES…………………………………………………………………………………………………..…53 

 Nicole Mutchler, Jason Reinhardt, and Madison Litzenberger 

 



National Silviculture Workshop, Tacoma, WA, July 16-18, 2024 

5 
FOREST COMMUNITY STRUCTURE DETERMINES THE BALANCE OF FACILITATION AND PARASITISM 
BETWEEN SANDALWOOD AND HOST SPECIES IN A HAWAIIAN RESTORED TROPICAL DRY 
FOREST……………………………………………………………………………………………………………………..…54 

 Pandu Y. A. P. Wirabuana, Travis W. Idol, and Emily C. Thyroff 

 

Session 6A 

ECOLOGICAL MAPPING TOOLS AND APPROACHES TO SCALE FROM STANDS TO LANDSCAPES TO BUILD 
RESILIENT ECOSYSTEMS …………………………………………………………………………………………………………55 

Sarah Anderson, Greg Nowacki, Andy Casillas, Trevor Hobbs, Joanne Baggs, and Andy 
Colter 

SHADED FUEL BREAKS AND INNOVATIVE SILVICULTURE…………………………………………………….59 

Tony Bertel, Olivia Roe, and Jacob Baker 

 

Session 7A 

WATERSHED RESPONSE TO SILVICULTURAL PRESCRIPTIONS FOR LONGLEAF PINE RESTORATION 
IN THE SOUTHERN ATLANTIC COASTAL PLAIN………………………………………………………………..…60 

 Hope Fillingim, Alton Gaskins, Carl C. Trettin 

INCREASING POST-WILDFIRE PLANTED SEEDLING SURVIVAL: FROM EXPERIMENTAL PLANTINGS 
TO REFORESTATION PLANNING…………………………………………………………………………………….…61 

 Christopher Marsh and Matthew Hurteau 

WHAT FACTORS INFLUENCE THE PERFORMANCE OF TREE SEEDLINGS PLANTED AFTER WILDFIRE 
IN COLORADO MONTANE FORESTS?.......................................................................................62 

 Paula J. Fornwalt 

THE NEWLY EXPANDED REFORESTATION, NURSERIES, & GENETIC RESOURCES TEAM: AN 
OVERVIEW……………………………………………………………………………………………………………………63 

 Nabil Khadduri 

MODELING HARDWOOD REGENERATION AND RESTORATION POTENTIAL ACROSS THE EASTERN 
HARDWOOD FOREST……………………………………………………………………………………………………..64 

Margaret Woodbridge, Bernard Isaacson, Tara Keyser, Chris Oswalt, Ty Wilson, Callie 
Schweitzer, and Stacy Clark 

NINE-YEAR PERFORMANCE OF PLANTATION AND AGROFORESTRY PRACTICES ON GROWTH AND 
SURVIVAL OF LOBLOLLY PINE CLONES………………………………………………………………………….…65 

 Shaik M. Hossain and Kozma Naka 



National Silviculture Workshop, Tacoma, WA, July 16-18, 2024 

6 
SESSION 6B 

USFS AND WA DNR COLLABORATION IN TREE SEED ORCHARD RESTORATION……………………..69 

 Jeff DeBell 

USING CLIMATE-SMART SEED SOURCING TO HELP FILL THE SW OR REFORESTATION 
BACKLOG……………………………………………………………………………………………………………………..70 

 Bryan Reatini 

 

SESSION 7B 

A PRIMER ON VARIABLE-DENSITY THINNING……………………………………………………………….……71 

 Constance A. Harrington and Leslie C. Brodie 

COMPARING THE TREE SPATIAL PATTERNS AND SUBSEQUENT GROWTH DERIVED FROM VARIOUS 
TREATMENTS IN BLACK HILLS PONDEROSA PINE FORESTS…………………………………………………74 

 Mike A. Battaglia, Wade T. Tinkham, Lance Asherin, Terrie Jain 

THE USE OF THINNING AND PRESCRIBED FIRE TO ADVANCE THE DEVELOPMENT OF MATURE 
FOREST CHARACTERISTICS IN THE SOUTHERN CASCADES, CALIFORNIA……………………………..75 

 Christopher E. Looney and Martin W. Ritchie 

TRANSFORMING SITKA SPRUCE PLANTATIONS TO CONTINUOUS COVER FORESTRY IN IRELAND: 
COMPARISON OF THREE THINNING PATHWAYS…………………………………………………………………78 

 Edward Wilson, Lucie Vítková, Paddy Purser, Ian Short and Áine Ní Dhubháin 

THE STORY OF THE WESTERN WHITE PINE TYPE IN NORTHERN IDAHO…………………………………79 

 Jason R. Reinhardt, Andrew S. Nelson, and John C. Byrne 

 
 
 
 
 
 
 



National Silviculture Workshop, Tacoma, WA, July 16-18, 2024 

7 

SILVICULTURAL CHALLENGES IN AN UNPREDICTABLE WORLD 
John D. Bailey 

John D. Bailey is Professor of Silviculture and Fire Management at Oregon State University, College of 
Forestry, 3100 SW Jefferson Way, Corvallis, OR, 97331, john.bailey@oregonstate.edu 

 

ABSTRACT—Silviculture is fundamentally rooted in matching site capabilities with landowner objectives, 
but both have growing uncertainty. Creative and nimble silviculture is the only way to address such 
uncertainty, and will focus on four emerging realities:  

1) Maladapted forest conditions – Too many areas have stand conditions (composition, structure 
and function) that will not weather the coming storm (e.g., increasing drought and wildfire). 
Active restoration and conservation management approaches will have to be attempted. 

2) New climatic conditions – Resistance and resilience will necessitate this work at multiple scales 
from genetics to landscape-scale treatments: expanded and cautionary planting of diverse 
species and genotypes, increased and regular use of prescribed fire, and density management. 

3) Societal perception – Our conservation/climate message will require discussion AND action. In 
fact, preservation and any move away from growing and harvesting wood accelerates climate 
change through both forest loss and increased fossil carbon emissions. 

4) Landowner realities – Public and private lands will still function and must be sustainable within a 
global marketplace and a more populated, consumptive world.  
 

Forest science, management, policy, and public relations (advertising) must recognize the non-ecological 
dimensions of sustainability, draw knowledge from the oldest traditions and the newest technologies, 
speak openly about the failures of preservation, address social and environmental justice, and work 
cohesively across landscapes to provide for our communities now and into the foreseeable future. 
Forestry has always grappled with the role of active management; now, uncertainty is forcing our hand. 
We must be nimble to respond to these emerging realities. 
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TRAINING THE NEXT GENERATION OF SILVICULTURISTS IN 
THE US FOREST SERVICE 

David Gwaze and Megan Lowell 

David Gwaze is the National Silviculturist, U.S. Department of Agriculture, Forest Service, Forest 
Management, Rangelands Management and Vegetation Ecology, 201 14th Street, SW, Washington, DC 
20250, david.gwaze@usda.gov.  

Megan Lowell is the Regional Silviculturist, U.S. Department of Agriculture, Forest Service, Rocky 
Mountain Region, 1617 Cole Blvd, Lakewood, CO 80401, megan.lowell1@usda.gov. 

 

ABSTRACT—The US Forest Service (USFS) silviculture certification program is providing cutting-edge 
continuing education and training for the next generation of silviculturists. During the 1960’s the USFS 
was involved in several controversies related to the timber management practices that resulted from the 
post-WWII wood and housing needs. Development of the silviculture certification program was one 
outcome of these controversies. The first program was developed in region 1 in 1971-1972. Other 
regions followed with their own certification programs in ensuing years. Declining levels of enrollment in 
regional continuing programs led the development of the National Advanced Silviculture Program (NASP) 
in 2003. From 2007 to 2020, silviculturists had to successfully complete NASP, a regional module and, 
then prepare and successfully defend a final certification project to be certified. In 2020, the silviculture 
certification process was streamlined to improve its efficiency. 

This paper provides a history of the silviculture certification as well as an overview of the new 
streamlined silviculture certification process. We conclude with thoughts how the new silviculture 
certification process is currently working. 
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UPDATING SILVICS OF NORTH AMERICA PROJECT (USNAP): 
PROGRESS, TIMELINE, AND INVOLVEMENT  

 
Steven McNulty, Susan Lott, Sebastien Meunier, and Cameron Skelly 

 
Steven McNulty, PI USNAP, U.S. Department of Agriculture, Forest Service, Southern Research Station, 
3041 E. Cornwallis Rd, Durham, NC, 27709, steven.mcnulty@usda.gov 
 
Susan Lott, US Coordinator USNAP, 3041 E. Cornwallis Rd, Durham, NC, 27709  

Sébastien Meunier, Canadian coordinator USNAP, Canadian Wood Fibre Centre, 580 Booth St. Ottawa, 
ON K1A 0E4 

Cameron Skelly, Associate US Coordinator USNAP, 3041 E. Cornwallis Rd, Durham, NC, 27709 

 

ABSTRACT—Last published in 1990, The Silvics of North America (SNA) is the most used silvics guide in 
the world.  However, after almost 35 years, the guide is out of date regarding several critical topics such 
as climate change impacts and species range mapping.  Moreover, with less than 200 species included, 
the guide does not fully represent tree species throughout North America. Therefore, the Updated Silvics 
of North America Project (USNAP) was launched by the U.S. Forest Service as a collaborative effort with 
Canada and Mexico to revise this manual.  This revision will include an expanded species list especially as 
it relates to Canada and Mexico, new range and projection maps, and more information on important 
topics such as disturbances and goods and services.  Additionally, the USNAP is developing a new digital 
platform to host the SNA that will allow for easier and more efficient access through electronic media 
(e.g., tablets, cell phones, laptops).  The SNA will also be available in Spanish and French for the first 
time. To date, over 80 chapters are in preparation, with peer reviewed, online, versions starting in early 
2025. This presentation will give an overview of the current progress and timeline for the update and 
conclude with an invitation to apply as a species chapter lead author.  If selected, selected chapters will 
go through a formal peer review process before being published in the new DOI citable SNA, with proper 
credit given to all associated authors and review members. 
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OPERATIONALIZING THE REPLANT ACT AND NATIONAL 
STRATEGY TO FOSTER FUTURE FORESTS 

Nicole Balloffet and Christopher Dahl 

Nicole Balloffet is the National Reforestation, Stand Improvement, and Nursery System Program 
Manager, U.S. Department of Agriculture, Forest Service, Washington Office, 1400 Independence Ave., 
Washington, DC, nicole.balloffet@usda.gov.  

Christopher Dahl is the National Reforestation, Stand Improvement, and Nursery System Assistant 
Program Manager, U.S. Department of Agriculture, Forest Service, Washington Office, 2150 Bldg A, Fort 
Collins, CO, christopher.a.dahl@usda.gov.  

 

ABSTRACT—The 2021 REPLANT Act, provided direction to the agency to address the backlog of 
reforestation needs on National Forest System lands, along with a mechanism for increased and 
continuing funding by lifting the previous cap on the Reforestation Trust Fund. The administration 
reinforced this by directing the agency to meet specific reforestation targets in a climate-informed 
manner by 2030, while increasing cone and seed collection and nursery capacity to support achieving 
these targets.  

  
This presentation will discuss the range of innovative actions taken to bridge the gap from legislated 
direction to implementation of climate-informed reforestation at a national scale. These include the 
release of a National Reforestation Strategy; assessments of reforestation needs, capacity, and 
capabilities; increased investments in regional and nursery funding, hiring, and external partnerships; 
assessments to modernize and optimize nursery and seed infrastructure; and the development of 
Regional and National 10-Year Implementation Plans. 
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SYNTHETIC STANDS – AUTOMATED FIA BIGMAP-DERIVED 
INPUTS FOR STAND SILVICULTURAL MODELING TOOLS LIKE 

REGEN3 
Bernard N. Isaacson, Barry T. Wilson, Margaret Woodbridge, Christopher M. Oswalt, Tara Keyser and 

Callie J. Schweitzer 

Bernard N. Isaacson is a Research Ecologist, U.S. Department of Agriculture, Forest Service, Southern 
Research Station, 4700 Old Kingston Pike, Knoxville, TN 37919, bernard.isaacson@usda.gov 

Barry T. Wilson is a Research Forester, U.S. Department of Agriculture, Forest Service, Northern Research 
Station, 1992 Folwell Avenue, Saint Paul, MN 55108, barry.wilson@usda.gov 

Margaret Woodbridge is a Forest Ecologist, U.S. Department of Agriculture, Forest Service, Southern 
Research Station, 200 W.T. Weaver Boulevard, Asheville, NC 28804, Margaret.Woodbridge@usda.gov 

Christopher M. Oswalt is a Research Forester, U.S. Department of Agriculture, Forest Service, Southern 
Research Station, 4700 Old Kingston Pike, Knoxville, TN 37919, christopher.oswalt@usda.gov 

Tara Keyser is a Research Forester, U.S. Department of Agriculture, Forest Service, Southern Research 
Station, 200 W.T. Weaver Boulevard, Asheville, NC 28804, tara.keyser@usda.gov 

Callie J. Schweitzer is a Research Forester, U.S. Department of Agriculture, Forest Service, Southern 
Research Station, 730D Cook Avenue, Huntsville, AL 35801, callie.schweitzer@usda.gov 

 

ABSTRACT—There are a host of silvicultural tools that provide decision support for forest managers. 
Most of these tools need locally-intensive or fine-scale inventory, often in specific input structures. 
Collection, collation, curation, and formatting of these inputs creates a large burden for the 
silviculturalist or planner and diminishes their comparative advantage in designing prescriptions.  
 
FIA data are broadly spatially dispersed but not locally intensive.  There are too few FIA plots to use them 
directly for stand-scale analysis because each plot is used to statistically represent thousands of acres.  
However, the broad-scale approach of FIA creates an extensive dataset that can be leveraged for inputs 
requiring uniformity. The BIGMAP environment provides a platform of FIA-derived commonality across 
the conterminous US at 30m pixel resolution. An ecological ordination based on satellite-derived 
attributes and landform characteristics links every pixel to similar FIA plots, whose known attributes can 
be pooled to describe any location across the landscape. 
 
Here we describe and evaluate a method for leveraging the broad-scale BIGMAP framework to create 
stand-level overstory summaries of FIA data for use in the REGEN3 silvicultural toolkit used by foresters 
in the National Forest System.  This allows stand-scale assessments derived from FIA data to be used 
directly by silviculturalists to forecast the outcome of regeneration management activities or other 
disturbances. This approach should aid those writing or justifying prescriptions by translating FIA data 
into off-the-shelf datasets products formatted for use in simulations and planning. This method may also 
show promise for further stand-scale uses of FIA data.  

Return to Table of Contents 
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DRONE AUGMENTED FOREST INVENTORIES TO INFORM 
SILVICULTURAL PRESCRIPTIONS FROM TREE TO STAND 

SCALES 
Wade T. Tinkham, Michael Battaglia, George Woolsey, and Lance Asherin 

Wade T. Tinkham is a research forester, U.S. Department of Agriculture, Forest Service, Rocky Mountain 
Research Station, 240 West Prospect Road, Fort Collins, CO 80526, Wade.Tinkham@usda.gov. 

Mike Battaglia is a research forester, U.S. Department of Agriculture, Forest Service, Rocky Mountain 
Research Station, 240 West Prospect Road, Fort Collins, CO 80526. 

George Woolsey is a research associate, Colorado State University, Department of Forest and Rangeland 
Stewardship, Fort Collins, CO 80523. 

Lance Asherin is a forester, U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 
Station, 240 West Prospect Road, Fort Collins, CO 80526. 

 

ABSTRACT—Advances in uncrewed aerial system (UAS or drone) technology are providing spatial and 
temporal remote sensing resolutions that have not been possible before. The relative ease of UAS data 
collection and the technology’s low cost make it possible to collect data at the stand or small project 
area extents (100-400 acres) almost as needed. The spatial resolution of UAS sensors used for Structure 
from Motion (SfM) to produce point clouds exceeds traditional LiDAR, making it possible to characterize 
>90% of individual stems in low to moderate canopy closure forests like those dominated by ponderosa 
pine. Here we explore a series of UAS studies investigating the technology's potential for characterizing 
forest heterogeneity from tree to stand scales in ponderosa pine-dominated stands. Specifically, we 
focus on investigating the characterization of individual tree height and DBH, the spatial aggregation of 
overstory structures, and informing pre-commercial thinning strategies to promote uneven-aged forest 
structure. Several studies have shown that UAS-SfM data reliably in dry conifer forests with open canopy 
structures (<60% canopy cover) describe tree height (mean error = 0.34 m), detected and modeled tree 
DBH values are accurate (mean error = -0.04 cm), small tree densities (<5 m tall) are generally 
underestimated, but large tree densities show greater reliability (RMSE = 10%), and stand basal area 
estimates exceed most inventory accuracy standards (mean error = 11.4%). Further development is 
underway to demonstrate how the near-census spatial inventory provided by UAS-SfM data can be used 
for prescription development like spatial pre-commercial thinning. 

 

INTRODUCTION 
Across the western United States, dry conifer frequent fire forests have faced compounding assaults 
from climate change impacting drought resilience and regeneration success and more intense and severe 
fires due to management decisions during the 20th century that led to increased fuel loading and canopy 
closure (Addington et al. 2018). Widespread emphasis over the last 20 years has focused on restoring the 
spatial matrix of individual trees, groups of trees, and openings to these forests to both promote greater 
fire resilience and support ecological, cultural, and ecosystem service objectives (Churchill et al. 2013, 
Stephens et al. 2021, Ritter et al. 2022). Emphasis on these treatments for both fire hazard reduction and 
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ecological restoration has been a point of focus for programs like the Collaborative Forest Landscape 
Restoration Program (Cannon et al. 2018) and initiatives like the United States Forest Service Wildfire 
Crisis Strategy (Woolsey et al. 2024). However, the planning and design of effective heterogeneous 
prescriptions can be maximized when detailed quantification of the distribution and spatial arrangement 
of the forest overstory is available (Cannon et al. 2018). 

Numerous remote sensing strategies from landscape disturbance monitoring with satellites (Menick et 
al. 2024) to 3-dimensional forest structure assessment with Light Detection and Ranging (LiDAR; Hudak 
et al. 2020) have found widespread adoption in different parts of the land management process. 
However, most existing methods face either spatial resolution constraints or their cost limits the 
technology's application for on-demand monitoring for prescription development and effectiveness 
monitoring. Advances in uncrewed aerial system (UAS or drone) technology are providing spatial and 
temporal remote sensing resolutions at a cost point not possible before (Creasy et al. 2021). The relative 
ease of UAS data collection and the technology’s low cost make it possible to collect data at the stand or 
small project area extents (100-400 acres) almost as needed. The spatial resolution of UAS sensors used 
for Structure from Motion (SfM) to produce point clouds exceeds traditional LiDAR, making it possible to 
characterize >90% of individual stems in low to moderate canopy closure forests like those dominated by 
ponderosa pine (Tinkham and Swayze 2021). Here we provide a quick review of recent advances in UAS 
monitoring of dry conifer forest structure. We then present a case study for applying the data to plan 
spatially informed pre-commercial thinning to promote uneven-aged ponderosa pine (Pinus ponderosa). 

UAS Forest Monitoring Capabilities 

Techniques for UAS monitoring of dry conifer forests have matured to the point of providing reliable tree 
and stand-level inventory metrics at a near-census level. Within ponderosa pine forests, when methods 
are appropriately tuned, UAS-SfM data can detect >90% of tree stems with most of the missed stems 
being in the smallest size classes (Creasy et al. 2021). Similarly, these methods can describe individual 
tree crown areas and stand canopy cover with a mean canopy cover error of 2.4% (Hanah et al. 2024). 
While UAS-SfM data can detect DBH values for a large sample of trees (10-40%), not all of these DBH 
values represent realistic observations (Swayze et al. 2021). However, approaches have been developed 
where United States Forest Service Forest Inventory and Analysis data (Tinkham et al. 2018) can be used 
to filter erroneous DBH values based on regional height to DBH allometric relationships. The remaining 
sample of UAS-derived height and DBH value pairs can be used to predict the missing UAS DBH 
observations based on derived height, stand density, and crown area metrics (Tinkham et al. 2022). This 
process of DBH detection and modeling from UAS-SfM data has provided stand-level basal area 
estimates with a mean error of 11% (Hanah et al. 2024). 

In addition to providing tree and stand-level metrics capable of achieving common inventory precision 
standards (USDA Forest Service 2015), UAS-SfM inventories also capture the spatial arrangement of the 
forest. Comparison of UAS-SfM extracted forest spatial patterns against 11 field stem-mapped treatment 
units revealed no significant differences when describing the number of different tree group sizes or the 
amount of basal area and height variation within the groups (Hanah et al. 2024). While UAS-SfM 
inventory strategies can provide reliable estimates of overstory tree sizes and densities, these techniques 
generally underestimate small tree densities, providing a relative gradient of small tree densities (Swayze 
et al. 2021). When considering the ability of UAS-SfM to provide a near-census inventory of established 
overstory trees, understanding the spatial variation in small tree density holds the potential to inform 
second-entry stand maintenance treatments like pre-commercial thinning. 
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UAS Applications for Prescription Development 

Traditional silvicultural prescription development has been informed by fixed- and variable-radius plots 
which assume forest homogeneity by focusing on stand-level averages (Dickinson et al. 2016). 
Contemporary management of ponderosa pine forests to meet both fuel reduction and ecological 
integrity objectives calls for forest inventory methods that enable explicit spatial management actions 
(Stephens et al. 2021). The near-census tree inventories derived from UAS-SfM methods can potentially 
provide the data needed to inform spatial treatment designs as well as inventory metrics familiar to 
managers (e.g. basal area, trees per acre; Hanah et al. 2024). By evaluating the residual overstory of a 
spatially designed treatment in the Black Hills Experimental Forest, we evaluate how the spatial pattern 
can be used to inform where ingrowth should be left during subsequent maintenance pre-commercial 
thinning operations (Figure 1). These strategies could be implemented to compare traditional distance-
based thinning against thinning strategies that consider the residual overstory to promote the vertical 
and horizontal heterogeneity indicative of uneven-aged ponderosa pine forests. 

 
Figure 1. Data processing flow of UAS-acquired imagery (Panel 1) to derive Structure from Motion (SfM) 
point clouds and identify individual trees (Panel 2). The identified trees can be classified by size classes 
(Panel 3) or used to identify tree groups (Panel 4). 
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NEW TOOLS USING AERIAL LIDAR ASSESS FOREST 
RESILIENCE & INFORM MANAGEMENT DECISIONS ON 

SPATIAL HETEROGENEITY. 
Bryce Bartl-Geller1a, Jonathan Kane1, Sean Jeronimo2, Caden Chamberlain1, Van R Kane1.  

1University of Washington 2 Bureau of Land Management abnbg@uw.edu 

 

ABSTRACT—Managers seeking to increase forest resilience to wildfire and climate change are 
increasingly factoring the spatial arrangement of trees (horizontal heterogeneity) into their silvicultural 
treatments. Measuring these patterns of individuals, tree clumps, and openings (ICO) is challenging, and 
planning treatments around these concepts is even harder (Churchill et. Al. 2013). We have created two 
publicly available tools to assist managers in planning ICO treatments using airborne lidar. These tools 
allow managers to 1) quickly assess current overstory tree patterns and inventory and 2) visually and 
quantitatively explore ecologically-based treatment alternatives. Lidar data provides a powerful 
resource for assessing these patterns, but its use for treatment planning has been hindered by a lack of 
manager-focused tools. Our tools, designed in collaboration with USFS managers, are intended to bridge 
that gap. They analyze ICO patterns by comparing study sites against reference sites exhibiting desired 
conditions, simulating treatments to understand the impact to resilience, and allowing efficient, 
streamlined testing of different potential paths forward.  RxGaming is a stand-based tool emphasizing 
rapid prototyping of multiple treatment options.  It focuses on visualization of these patterns and 
treatments for communication with stakeholders or implementation in an existing workflow. Licosim 
scales these stand level concepts to landscapes, applying treatment simulation across arbitrarily large 
project areas. This facilitates understanding landscape conditions, e.g. where treatment might be most 
effective or where to reinforce existing patterns- particularly useful during landscape-scale planning, i.e. 
in a NEPA process. We use case studies from USFS projects to illustrate the use of these tools. 
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Figure: An untreated stand 
from a project area in the 
Sierra NF in California (A) and 
the same stand after a 
simulated treatment from 
RxGaming (B).  The initial 
stand condition is moderately 
departed with higher BA, TPA, 
CC, and MCS than comparable 
reference stands from similar 
forest types.  The treatment 
conditions displayed were 
governed by targets set to 
achieve residual BA targets 
set by the TMO and balance 
multiple objectives: fuels 
reduction, habitat, spatial 
pattern, large tree retention 
and timber yield. 

RXGAMING AND LICOSIM 
RxGaming is a stand-based tool which accepts user stands and provides:  

1. Assessment of existing structures through four specific forest structure metrics (see below) and 
canopy height model visualization which provide a birds-eye look at the stand.  

2. Comparison against reference structures exhibiting desired condition (also below), to assess 
departure and inform potential interventions. 

3. Visualization of simulated potential treated structures and reports on potential forest structure 
outcomes and removed trees.  

The user provides treatment parameters on the four metrics as well as a diameter limit, and an 
algorithm attempts to remove trees from the stand to achieve the treatment targets and achieve tree 
patterns analogous to reference conditions. It is designed around real time iteration on treatment 
alternatives allowing for flexible and fluid prototyping and exploration of potential stand structure and 
heterogeneity. Licosim applies the principles across a larger landscape.  Stands are paired with reference 
conditions by topography and climate, and simulated treatment is automatically applied to those 
targets.  This allows for landscape prioritization and departure analysis. 

 

MEASURING FOREST STRUCTURE 
High resolution overstory datasets provided by aerial lidar data are used to assess forest structure. 
Individual tree segmentation outputs from a variety of lidar processing tools (FUSION, Lapis, or LidR) are 
used to derive 4 key metrics of structure: basal area (BA), trees per acre (TPA), canopy cover (CC), and 
mean clump size (MCS, a measure of dispersion/aggregation of trees). This allows the user to tune 
treatments for a variety of objectives based around both standard prescription targets (BA, TPA, CC) and 
spatial pattern (MCS) which has historically been challenging to incorporate into treatment planning and 
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prescription. Localized species-agnostic allometric height-to-diameter regressions are defined from FIA 
plots within 10km of the project area, which are used to calculate BA. 

 

REFERENCE CONDITIONS 
These tools provide a framework for assessing a desired structure for a given stand using reference 
areas.  We provide a dataset of areas with intact fire regimes which exhibiting the structure of healthy, 
fire frequent forests in California (Chamberlain et. Al. 2023), however the user can provide their own 
dataset of conditions depending on different geographic location (the authors are aware of suitable 
datasets for eastern Oregon and Washington) or treatment priorities. Any site that exhibits forest 
characteristics in line with the user’s management objective and has Lidar data or measurement for the 
previously described metrics is suitable for use in the tools.  

For the provided dataset, we characterize structure across these sites using the four metrics 
described above, which creates a distribution of structural conditions against which candidate sites can 
be compared to assess what kind of structural interventions could assist in creating resilient structures in 
the area of interest. Desired conditions and treatment targets can be defined using this dataset or from 
predefined targets (e.g. existing prescriptions). In other words, the reference conditions can be used to 
assess treatment efficacy of existing treatment prescriptions, or to influence decisions about new 
approaches. 
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MODELING REGIONAL DYNAMIC SITE-SPECIES 
RELATIONSHIPS FOR QUANTIFYING US FOREST CARRYING 

CAPACITY 
Mark Kimsey 

Mark Kimsey is Director of the Intermountain Forestry Cooperative and Research Associate Professor,  

University of Idaho, College of Natural Resources, Moscow, Idaho, 83844. 

 

ABSTRACT—Quantifying forest carrying capacity as a function of site and species mix is critical for the 
development of climate sensitive silvicultural prescriptions that achieve sustainable and resilient forests 
capable of supplying diverse and robust ecosystem services.  Relative density (RD), as defined by the 
ratio of Stand Density Index (SDI) to Maximum Stand Density Index (MaxSDI) is a useful metric for 
identifying and prioritizing overstocked stands at risk of mortality inducing events (drought, insects, fire). 
Estimating a MaxSDI value that reflects a desired specie(s) ecological and competitive niche is 
paramount for such prioritization efforts. The IFC is leading a national effort through the NSF IUCRC – 
Center for Advanced Forestry Systems to model, through machine learning, forest carrying capacity 
limits (MaxSDI) as a function of species mixing, stand metrics, silvicultural practices (genetics, thinning, 
fertilization, vegetation control), and physiography (climate, topography, soil) across the diverse forested 
ecosystems of the US South, Northeast, Upper Midwest, and West. Current models and tools developed 
by the IFC will be presented that allow natural resource managers to estimate carrying capacity as a 
function of current or desired forest conditions. An assessment of projected climate change influence on 
MaxSDI will be presented for the Pacific Northwest, US. 
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WHAT GENETIC RESOURCES CAN CONTRIBUTE TO NATIONAL 
FOREST MANAGEMENT 

Keith Woeste and Arnaldo Ferreira 
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Arnaldo Ferreira, National Geneticist (NFS), USDA-FS, arnaldo.ferreira@usda.gov 

 

ABSTRACT—Historically, Forest Service genetics was associated with reforestation and recovery 
following fires, and it still supports those needs today. In addition to genetics expertise, the National 
Forest Genetics Laboratory (NFGEL) is a USDA-FS resource providing molecular genetic technologies and 
information for integrated solutions to on-the-ground problems faced by natural resource managers and 
policy makers.  NFGEL works closely with geneticists and land managers on key genetic information 
relevant to management decisions.  Understanding how to better manage genetic resources has become 
even more critical in face of current pressures such as habitat fragmentation, climate change, and 
degraded ecosystems.  NFGEL uses state-of-the-art technology to address genetic conservation and 
management of all plant species using various laboratory techniques including DNA analyses and 
forensic genetics. By examining DNA and by using other cellular and molecular tools, geneticists can now 
observe and monitor previously hidden identities and processes that affect the health, resilience, and 
sustainability of natural resources. Natural resource managers, in turn, can use genetic data to 
demonstrate compliance with rules and laws and to support the consultations that accompany their 
planning and monitoring. Land managers will increasingly confront questions of forest adaptation in 
response to climate changes. We present a genetics perspective on adaptive silviculture for climate 
change, and what resistance, resilience, and transition mean for the evolution of forests.   
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ABSTRACT—Silvicultural innovation is emerging to expand the Washington Department of Natural 
Resources (DNR) toolbox through a learning-based collaboration (LBC) approach that features a 20,000-
acre operational-scale replicated experiment on the Olympic Peninsula, on lands managed by DNR. 
Implementing new tools faces simultaneous hurdles including economic plausibility, scientific validity, 
public support, and funding. Increasing the kinds and diversity of management at stand and landscape 
scales is expected to increase multiple aspects of ecosystem resilience to climate and other changes, and 
foster greater public support for active forest management, especially when stakeholder ideas are seen 
in prescriptions. LBC’s common goal of learning together harnesses and better integrates cultural and 
knowledge diversity among collaborators. Applying science at an operational scale was critical to provide 
the context and incentives for managers and researchers to more deeply learn from each other. We 
report on 4 resulting novel upland prescriptions to be compared to the standard DNR practices of 
variable-retention harvesting, variable-density thinning, and set-asides: (a) Complex early-seral that 
extends this stage by retaining more legacy structures, emulating wind disturbance patterns, and 
forgoing veg-management and planting; (b) Variable mixtures of planted red alder and redcedar on a 
combined rotation of 30 years (alder) and 60 years (redcedar); (c) Variable-density planting with 
clumped Douglas-fir planting leaving interstitial areas for species other than crop conifers; and (d) 
Accelerated variable-density thinning with a regime more aggressive and variable thinning than standard 
practice. This experiment is now fully underway, with sales completed, harvesting underway, and pre-
treatment monitoring and G&Y modelling completed.  

 

INTRODUCTION 
Learning-Based Collaboration 

This presentation will focus on upland silvicultural prescriptions associated with a learning-based 
collaboration between land managers, researchers, and stakeholders seeking to expand the Washington 
DNR toolbox through a 20,000-acre operational-scale experiment on the western Olympic Peninsula 
(Bobsin et al. 2023). Novel silviculture trials at operational scales face large hurdles involving the need to 
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simultaneously be economically plausible, scientifically valid, and publicly and financially supported over 
time. The decision space for the DNR in their Olympic Region includes revenue generation for trust 
beneficiaries and implementing a habitat conservation plan that also promotes learning on the Olympic 
Experimental State Forest.  The common goal of learning together helped to harness and better integrate 
cultural and knowledge diversity among collaborators and attract state funding. Applying science at an 
operational scale was critical to provide the context and incentives for managers and researchers to 
more deeply learn from each other.  Increasing the kinds and diversity of management at stand and 
landscape scales is expected to increase multiple aspects of ecosystem resilience to climate and other 
changes and foster greater public support for active forest management to implement new tools.   

Resulting Innovations in Silviculture 

Four novel upland silviculture prescriptions—emerging from our collaborative process—will be 
scientifically compared to the standard DNR practices of: (1) Variable-retention harvesting of second-
growth hemlock-Douglas-fir stands followed by site preparation with ground-sprayed herbicides and 
planting of Douglas-fir and pre-commercial thinning on a 50-year-old rotation target; and (2) Variable-
density thinning with modest (to 120 tpa) thinning from below setting up future options of revenue 
production or late-seral habitat designation. The emergent novel silviculture alternatives are: (a) 
Complex early-seral that extends the early-seral stage by retaining more legacy structures, emulating 
wind disturbance patterns, and likely forgoing vegetation management and planting; (b) Polyculture with 
variable mixtures of planted red alder and redcedar on a combined rotation of 30 years (alder) and 60 
years (redcedar); (c) Variable-density planting with variably clumped Douglas-fir patches leaving variably 
sized interstitial areas for species other than crop conifers; and (d) Accelerated variable-density thinning 
with a regime more aggressive and variable thinning than standard practice (to 66 tpa).  Each novel 
prescription seeks to integrate revenue production with a broader array of social and ecological 
objectives than achievable with standard practice, and increase heterogeneity at scales of about 5-10, 
30-60, and 800-2000 acres to promote resilience.  The small-scale heterogeneity in Polyculture and 
Variable-density planting was created by including nested randomized block designs, replicated 4 times, 
with variable alder-cedar-mixtures and clump-sizes as research treatments. Initial projections—and 
associated uncertainties—of operational costs, growth and yield, net-present-value, and ecological and 
social outcomes will provide a standard to compare to actual outcomes through time and to inform land 
managers about potential adoption of novel prescriptions to scale.  This experiment is now fully 
underway, with sales completed, harvesting underway, and pre-treatment monitoring and G&Y 
modelling completed (Minkova et al. 2024).  
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A CASE FOR MULTI-AGED INCREMENTALISM IN PONDEROSA 
PINE FORESTS 

Justin S. Crotteau, Neil G. Williams, Shelagh Fox, Cheri Hartless, and Sharon M. Hood 

Justin Crotteau is a research forester, U.S. Department of Agriculture, Forest Service, Rocky Mountain 
Research Station, 800 E Beckwith Ave, Missoula, MT 59801, justin.crotteau@usda.gov.  

Neil G. Williams is an ORISE post-doctoral research fellow, 800 E Beckwith Ave, Missoula, MT 59801, 
neil.williams2@usda.gov. 

Shelagh Fox is a regional silviculturist, U.S. Department of Agriculture, Forest Service, Northern Region, 
26 Fort Missoula Rd, Missoula, MT 59801, shelagh.r.fox@usda.gov.  

Cheri Hartless is the national fire and fuels silviculturist, U.S. Department of Agriculture, Forest Service, 
Washington Office, 26 Fort Missoula Rd, Missoula, MT 59801, cheri.hartless@usda.gov.  

Sharon Hood is a research ecologist, U.S. Department of Agriculture, Forest Service, Rocky Mountain 
Research Station, 5775 Highway 10 West, Missoula, MT 59808, sharon.hood@usda.gov.  

 

ABSTRACT—Across much of its range, ponderosa pine (Pinus ponderosa) stands are thought to have 
been predominantly multi-aged before Euro-American settlement. Large areas of ponderosa pine forests 
are managed through even-aged methods to maximize economics, simplicity and low fire hazard. In a 
multi-objective setting, however, multi-aged structures may provide a broader range of benefits and/or 
reduce risks. Transformation of existing stands to one of many alternative multi-aged structures may be 
desirable, but there are obstacles inhibiting transformation. Examples include uncertainty and 
inexperience with the application of multi-aged methods in ponderosa pine forests and of the steps 
involved in silvicultural transformation, pragmatic concerns over the feasibility of complex multi-aged 
approaches, challenges in internal reporting of management actions, and concerns of high fire hazard 
associated with multiple canopy layers. We aim to address these barriers through the ongoing 
development of a practitioner-oriented management guide. In this guide we walk through two case 
studies of transformation: the Lick Creek transformation study and the Lubrecht Fire & Fire Surrogate 
study. This presentation shares the approach to second-entry transformations in these two study areas. 
Transformation in the study areas focused on residual density targets, tree vigor, and creation of canopy 
gaps, demonstrating loose and successive efforts to develop multiple canopy layers and improve 
ecosystem resiliency to drought, mountain pine beetle, and wildfire. These case studies illustrate that 
transformation to multi-aged stands is more accessible than traditionally considered and may be 
approached incrementally and patiently without radical changes to current operations. 
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DRIVERS OF CHANGE IN MATURE AND OLD-GROWTH 
FOREST NATIONALLY OVER THE LAST 20 YEARS 

 
Andrew Gray 

 
Andrew Gray is a research ecologist, USDA Forest Service, Pacific Northwest Research Station, Corvallis 
OR 97331 
 
ABSTRACT—The Bureau of Land management (BLM) and U.S. Forest Service (NFS) were tasked with 
assessing threats to mature and old growth forest in Executive Order 14072. Part of the analysis applied 
regional, community-specific definitions to forest inventory measurements to classify conditions as early, 
mature, and old growth. Changes in classified status with remeasurement were examined to identify the 
apparent impact of growth, disturbance, and management on the abundance of mature and old-growth 
forest in forest types across the country. On 172 million acres of remeasured BLM and NFS forestland, 81 
million acres (47%) were classified mature and declined by 2.5 million acres (3.1% loss) over an average 
remeasurement period of 9 years. Old growth covered 31.8 million acres (18% of all forestland) and 
increased by 280 thousand acres (0.9% gain) over the remeasurement period. The greatest losses to 
mature and old-growth forests were from wildfire and insects/disease, with the largest impacts 
occurring in subalpine fir and lodgepole pine forest types in both classes. The forest types with the 
largest increases in area of old-growth were the oak/hickory and Douglas-fir types. Silvicultural cutting 
treatments resulted in minor losses for both classes. Low-severity treatments or disturbances either 
promoted or had minimal impact on the change in mature or old growth. Results can inform future 
efforts to promote or retain mature and old-growth forests on federal lands. 
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CLASSIFYING MATURE FEDERAL FORESTS IN THE UNITED 
STATES: THE FOREST INVENTORY GROWTH STAGE SYSTEM 

1Woodall, C.W., 2Kamoske, A.G, 3Hayward, G.D., 4Schuler, T.M., 5Hiemstra, C.A., 6Palmer, M., 7Gray, A.N. 
1USDA Forest Service, Northern Research Station, Forest Inventory and Analysis Program, 271 Mast Rd, 
Durham, NH, U.S.A. 
2USDA Forest Service, Ecosystem Management Coordination Staff, 1992 Folwell Avenue, St. Paul, MN, 
U.S.A. 
3USDA Forest Service, Headquarters, Ecosystem Management Coordination, 161 E 1st Ave, Anchorage, 
AK, U.S.A. 
4USDA Forest Service, Washington Office, Forest Ecosystem Management Research, Washington, DC, 
U.S.A. 
5USDA Forest Service, Geospatial Technology and Applications Center, 125 South State Street, Salt Lake 
City, UT, U.S.A. 
6USDA Forest Service, Ecosystem Management Coordination Staff, 1220 SW 3rd Ave. Suite 1610, 
Portland, OR, U.S.A. 
7USDA Forest Service, Pacific Northwest Research Station, 3200 SW Jefferson Way, Corvallis, OR, U.S.A. 

 

ABSTRACT—President Biden’s executive order, ‘Strengthening the Nation's Forests, Communities, and 
Local Economies,’ (EO#14072, April 22, 2022) acknowledges the interest in mature and old-growth 
(MOG) forests by directing U.S. Federal agencies to define and inventory these resources on United 
States Forest Service (USFS) and Bureau of Land Management (BLM) lands. We propose that using an 
effective and enduring mature forest classification system could be adaptable to social paradigms, 
monitoring data streams, scientific information, and global change factors. We accommodate these 
design aspects by defining mature forests as a growth stage prior to the onset of old-growth attributes 
within a proposed Forest Inventory Growth Stage System (FIGSS). FIGSS uses the long-established USFS 
old-growth assessments often conducted in concert with public dialogues to identify key structural 
indicators of older forests. The system informs inverse modeling of the prior “mature” stage’s structural 
thresholds enabling initial population estimates of mature forest extent using the USFS’ nationally 
consistent Forest Inventory and Analysis (FIA) program data. With this approach, we estimate that 
approximately 45 percent of all USFS/BLM forest is mature. The FIGGS system is based on a variety of 
components that could be used to account for cultural values ascribed to forest conditions which could 
be refined across future versions such as assumptions about the relative length of growth stages, 
incorporating data from emerging monitoring technologies along with old-growth/mature field sampling 
campaigns, accommodating spectrums of site-limited and/or disturbance-driven stand development, 
refined variable selection processes such as machine-learning, and consideration of traditional ecological 
knowledge. 
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LONG TERM STAND DYNAMICS AND STRUCTURAL 
CHARACTERISTICS OF OLD GROWTH AND MANAGED 

FORESTS IN SOUTHERN ILLINOIS 
Jacob S. Fraser, Lauren S. Pile Knapp, and Dacoda Maddox 

Jacob S. Fraser is a research ecologist, U.S. Department of Agriculture, Forest Service, Northern Research 
Station, 202 Anheuser-Busch Natural Resources Building, University of Missouri, Columbia, MO 65211, 
jacob.fraser@usda.gov 

Lauren S. Pile Knapp is a research ecologist, U.S. Department of Agriculture, Forest Service, Northern 
Research Station, 202 Anheuser-Busch Natural Resources Building, University of Missouri, Columbia, MO 
65211, lauren.pile@usda.gov 

Dacoda Maddox is a forester, U.S. Department of Agriculture, Forest Service, Northern Research Station, 
202 Anheuser-Busch Natural Resources Building, University of Missouri, Columbia, MO 65211, 
dacoda.maddox@usda.gov 

 

ABSTRACT—In 1948 a compartment study was established on the Kaskaskia Experimental Forest in 
southern Illinois to test the long-term effects of uneven-aged silviculture on upland mixed-hardwood and 
oak-hickory forests. Activities related to the study were continued until 1972, when all active 
management on the 1,150 acres ceased. The nearby Kaskaskia Woods natural area was established in 
1933 and has been identified as a remnant mixed-hardwood old growth stand. Eight permanent ¼ acre 
inventory plots were established within the 18 acre area in 1935 and have been inventoried a total of 10 
times since establishment. Over the 90 years since first measured, the mean basal area in Kaskaskia 
Woods has increased from 92.1 ft2/acre to 164.2 ft2/acre. Density of stems >= 1.6” DBH has decreased 
from 172 TPA to 118 TPA. Preliminary results from 43 permanent plots established in the Kaskaskia 
Experimental Forest compartment study show a mean basal area of 132.8 ft2/acre and a mean density of 
367 TPA. We deployed a terrestrial LiDAR scanner on each established plot to measure metrics of canopy 
rugosity, canopy cover, and vertical structural heterogeneity. This ongoing monitoring effort across forest 
successional stages and management history is the first step in a plan for the future implementation of 
climate-informed silvicultural treatments on the Kaskaskia Experimental Forest. These demonstration 
installations will serve as replicated experimental blocks and long-term regional educational tools.  
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FOREST RESOURCE INDEX FOR DECISIONS IN ADAPTATION 
(FRIDA): A LIBRARY OF RESOURCES FOR FOREST 

STEWARDSHIP   
Lauren Kramer and Emile Elias 

Lauren R. Kramer is a Biological Science Technician with the USDA Southwest Climate Hub, Agricultural 
Research Service, 2995 Knox St., Las Cruces, NM 88003, Lauren.Kramer@usda.gov 

Emile H. Elias, Ph.D. is a Research Hydrologist with the USDA Agricultural Research Service and Director 
at the USDA Southwest Climate Hub, 2995 Knox St., Las Cruces, NM 88003, Emile.Elias@usda.gov 

 

ABSTRACT—As the climate becomes hotter and drier, forests are experiencing more intense drought, 

wildfires, and pest pressure. Forested ecosystems provide essential ecosystem services by providing 

habitat, clean water, and economic and cultural benefits. Resource managers rely on various information 

to help forests adapt to a changing climate. However, forest information and resources are often created 

with limited coordination. This lack of coordination, and the sheer number of resources available, leads 

to a challenge or inability to assess options and choose the most appropriate resource for specific 

management objectives. In response to this challenge and in collaboration with the South Central and 

Southwest Climate Adaptation Science Centers (CASCs), the USDA Southwest Climate Hub has developed 

the Forest Resource Index for Decisions in Adaptation or FRIDA. FRIDA is an online library of decision-
support tools and resources to help support climate change adaptation decision-making and effective 

forest stewardship. FRIDA is currently tailored to New Mexico and Arizona with the potential to expand 

to other states and regions in the future. FRIDA allows managers and decision-makers to easily query 

based on their objectives and area(s) of interest. Resources can be filtered by topic area, region/state, 

platform type, and vegetation type to efficiently find the most relevant region-specific tools or resources 

to best support climate-informed decision-making. 
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PRACTITIONER PERSPECTIVES ON ASSISTED MIGRATION AND 
ADAPTING REFORESTATION IN A WARMING CLIMATE 

Michelle C. Agne and Robert A. Slesak 

Michelle C. Agne is an Oak Ridge Institute for Science and Education postdoctoral research fellow, U.S. 
Department of Agriculture, Forest Service, Pacific Northwest Research Station, 3625 93rd Avenue SW, 
Olympia, WA 98512, Michelle.Agne@usda.gov. 

Robert A. Slesak is a research forester, U.S. Department of Agriculture, Forest Service, Pacific Northwest 
Research Station, 3625 93rd Avenue SW, Olympia, WA 98512, Robert.Slesak@usda.gov. 

 

ABSTRACT—Climate change is creating an urgent need for adaptation strategies to maintain forested 
conditions. One promising strategy is assisted migration (AM) – planting of seed sources at locations they 
may be adapted to under future climate, but operational implementation is uncertain. We conducted an 
online survey to understand how forest managers across ownerships perceive and use AM treatments 
currently, and what barriers to implementation exist. We received 174 responses from managers of 
federal, state, Tribal and private industrial forested lands in Washington, Oregon, and California. 

74% of respondents have altered their reforestation practices in response to climate change and almost 

half have personally used AM treatments. Past use of assisted population migration was most common, 

followed by assisted species range expansion, and assisted species migration. An additional 20% and 16% 

of respondents indicated they are likely to change their reforestation practices and use AM treatments, 

respectively, in the next ten years. 95% of respondents indicated their organization is concerned about 
climate change, while organizational support for AM was mixed. Over 90% of respondents identified 

barriers to AM at their organizations, most commonly availability and knowledge of seed sources for AM 

and uncertainty of outcomes. Personal and organizational support for changes to reforestation and 

implementation of AM was greater at public organizations than private companies, but adaptation 

strategies are being implemented across ownerships, often despite considerable barriers. Our results 

support the need for training on decision support tools and increased capacity for seed transfer among 
organizations to facilitate climate-informed reforestation. 
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PLANNING FOR THE FUTURE: THE ADAPTIVE SILVICULTURE 
FOR CLIMATE CHANGE (ASCC) NETWORK   

Maria Janowiak, Linda Nagel, Courtney Peterson, Christopher Swanson, Maria Vicini 

 
Maria Janowiak 
Co-Principal Investigator, Adaptive Silviculture for Climate Change (ASCC) Network 
Acting Director, Northern Forests Climate Hub 
Acting Director, Northern Institute of Applied Climate Science 
USDA Forest Service Northern Research Station, One Gifford Pinchot Drive, Madison, WI 53726 
 
Linda Nagel 
Principal Investigator, Adaptive Silviculture for Climate Change (ASCC) Network  
Professor and Dean, S.J. and Jesse E. Quinney College of Natural Resources, Utah State University, 5200 
Old Main Hill, Logan, Utah 84322 
 
Courtney Peterson 
Program Manager, Adaptive Silviculture for Climate Change (ASCC) Network  
Climate Adaptation Specialist, Northern Forests & Southwest Climate Hubs 
Climate Adaptation Specialist, Northern Institute of Applied Climate Science  
Forest and Rangeland Stewardship Department, Colorado State University, 1472 Campus Delivery, Fort 
Collins, CO 80523  
 
Christopher Swanston 
Co-Principal Investigator, Adaptive Silviculture for Climate Change (ASCC) Network  
Forest Service Climate Advisor 
Director, Office of Sustainability and Climate, USDA Forest Service, 1400 Independence Avenue, SW 
Washington, D.C. 20250 
 
Maria Vicini 
Program Coordinator, Adaptive Silviculture for Climate Change (ASCC) Network  
Climate Adaptation Specialist, Northern Forests & Southwest Climate Hubs 
Climate Adaptation Specialist, Northern Institute of Applied Climate Science  
Forest and Rangeland Stewardship Department, Colorado State University, 1472 Campus Delivery, Fort 
Collins, CO 80523  
 

ABSTRACT—The Adaptive Silviculture for Climate Change (ASCC) Network emerged over thirteen years 
ago in response to a critical need from forest managers for examples of climate-adaptive forest 
management strategies across different forest types. The project built a robust experimental and 
science delivery framework to develop, implement, evaluate, and demonstrate adaptation strategies 
through collaboration with researchers and managers. There are 14 installations in a variety of forest 
conditions, representing place-based management approaches for incorporating climate change 
adaptation into management planning and implementation. Silvicultural treatments at each site were 
developed following the adaptation framework in Forest Adaptation Resources: Climate Change Tools 
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and Approaches for Land Managers (Swanston et al. 2016). Treatments approximate a gradient of 
climate-adaptive management approaches: (1) resistance – maintaining relatively unchanged conditions 
over time; (2) resilience – allowing some change in current conditions, but encouraging an eventual 
return to reference conditions; (3) transition – actively facilitating change to encourage adaptive 
responses; and (4) no action control – allowing forests to respond to climate change without direct 
management intervention. 

 
The ASCC Network is poised for sharing of lessons learned from implementing climate-adaptive 
silviculture treatments across diverse forest ecosystems. Site-specific treatments were collaboratively 
designed using local ecosystem vulnerability and socioecological contexts, and address complex, 
changing disturbance regimes. The silvicultural treatments involve intermediate treatments, 
regeneration silviculture, forest assisted migration, and increasing species and structural complexity at 
multiple scales. The presentation provided an overview of the ASCC Network, emergent trends, key 
silvicultural considerations for achieving sustainable management, forest structure and ecosystem 
services, and lessons learned. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Return to Table of Contents 



National Silviculture Workshop, Tacoma, WA, July 16-18, 2024 

32 

INFORMING REFORESTATION IN THE WESTERN US: THE 
EXPERIMENTAL NETWORK FOR ASSISTED MIGRATION AND 

ESTABLISHMENT SILVICULTURE (ENAMES) 
Robert A. Slesak, Michelle C. Agne, Christopher E. Looney, and Jessica W. Wright 

Robert A. Slesak is a Research Forester and Team Leader, U.S. Department of Agriculture, Forest Service, 
Pacific Northwest Research Station, 3625 93rd Ave SW, Olympia, WA 98512, robert.slesak@usda.gov 

Michelle C. Agne is an Oak Ridge Institute for Science and Education postdoctoral research fellow, U.S. 
Department of Agriculture, Forest Service, Pacific Northwest Research Station, 3625 93rd Avenue SW, 
Olympia, WA 98512, Michelle.Agne@usda.gov. 

Christopher E. Looney is a Research Forester, U.S. Department of Agriculture, Forest Service, Pacific 
Southwest Research Station, 3644 Avtech Parkway, Redding, CA 96002; christopher.looney@usda.gov 

Jessica W. Wright is a Research Geneticist, U.S. Department of Agriculture, Forest Service, Pacific 
Southwest Research Station, 2480 Carson Road, Placerville, CA 95667; jessica.w.wright@usda.gov 

 

ABSTRACT— The increasing severity and frequency of wildfire in Western U.S. forests has created an 
urgent need for effective reforestation strategies that incorporate climate adaptation. The Experimental 
Network for Assisted Migration and Establishment Silviculture (ENAMES) is a multi-disciplinary, multi-
ownership research project designed to inform what seedlings to plant and how to plant them to 
increase short- and long-term reforestation success. The experimental design incorporates assisted 
population migration treatments (testing tree genotypes adapted to four climate scenarios: historic, 
current, mid-century, and end of century conditions) combined with establishment silviculture 
treatments (e.g., comparisons of stock types, planting densities, vegetation control practices) that are 
likely to influence reforestation success. The network consists of over 35 sites that span a range of 
ownerships, forest types, and climate conditions across California, Oregon, and Washington. Landowner 
partners chose the planted species and silvicultural practices to be tested at each site, ensuring that 
findings would be relevant to operational practice.  Treatment implementation began in 2021 and will be 
completed by 2025, followed by periodic assessments of seedling survival and growth responses. 
ENAMES provides a powerful opportunity to accelerate short-term reforestation success in the Western 
U.S. while assuring planted stands are adapted to future climates in the long-term. 
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POLICY TO PRACTICE: OPERATIONALIZING FORESTRY 
ASSISTED MIGRATION ON NFS LANDS. 

Andrew Bower and Katie Frerker 

Andrew Bower is a Climate Adaptation Specialist with the USDA Forest Service Office of Sustainability 
and Climate. 

Katie Frerker is a Climate Adaptation Specialist with the USDA Forest Service Northern Institute of 
Applied Climate Science. 

 

ABSTRACT—Maintaining healthy and productive forests in the face of climate change demands a timely 
response and novel management actions. Current reforestation strategies, including natural 
regeneration, may no longer be adequate to meet forest management objectives, and assisted migration 
is increasingly discussed as a strategy to facilitate adaptation to a rapidly changing climate. To date, these 
efforts have been mostly experimental and local. There is a growing need for coordinated, national 
guidance and tools to assist planning and decision making for its implementation. The USFS Forestry 
Assisted Migration Technical Assistance Team (FAMTAT) is a multi-disciplinary team that is developing 
technical guidance and decision support tools on assisted migration for the Agency. The FAMTAT is made 
up of multiple working groups that are developing these decision support tools and compiling advisory 
resources to assist national forests in developing individual plans for practical application of assisted 
migration of forest trees on their units. To facilitate this the FAMTAT has developed a practical framework 
for the planning and implementation of assisted migration of forest trees. The focus of the framework is 
applied assisted migration to maintain forest health and diversity in the face of climate change. The 
recently completed assisted migration plan for the Superior National Forest will be highlighted as both 
an example of and a model for the resources being developed.  
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MANAGING FOR RESILIENCE AND ADAPTIVE CAPACITY          
IN SOUTHWESTERN ASPEN ECOSYSTEMS 

 

Connor D. Crouch, Nicholas P. Wilhelmi, Paul C. Rogers, Margaret M. Moore, and Kristen M. Waring 

Connor D. Crouch is a forester, U.S. Department of Agriculture, Forest Service, Northern Research 
Station, 202 Anheuser-Busch Natural Resources Building, Columbia, MO 65201, 
connor.crouch@usda.gov. 

Nicholas P. Wilhelmi is a plant pathologist, U.S. Department of Agriculture, Forest Service, Forest Health 
Protection, Arizona Zone, Flagstaff, AZ 86001. 

Paul C. Rogers is director of the Western Aspen Alliance, Department of Environment and Society, Utah 
State University, Logan, UT 84322. 

Margaret M. Moore is a professor, School of Forestry, Northern Arizona University, Flagstaff, AZ 86011. 

Kristen M. Waring is a professor, School of Forestry, Northern Arizona University, Flagstaff, AZ 86011. 

 

ABSTRACT—Quaking aspen (Populus tremuloides) has high conservation value in the western US 
because of its ecological importance as a foundation species, positive impact on local economies, and 
aesthetic and cultural values. The conservation value of aspen is especially pronounced along the 
southwestern edge of its range, where aspen has experienced extensive mortality and occupies less than 
2% of forested land. Generally, the meager aspen populations that remain in the Southwest lack 
resilience and adaptive capacity, and managers are unsure how best to maintain the species in an 
uncertain future. We propose that the contemporary approach to managing aspen, which prioritizes 
conserving existing populations, is not suited to address the collection of threats that aspen faces in the 
Southwest. For example, a recent survey of aspen populations across Arizona found that 40% of study 
plots lacked a single recruiting stem and that warmer sites, chronic ungulate browse, and outbreaks of 
the invasive insect oystershell scale (Lepidosaphes ulmi) were important factors inhibiting regeneration 
and recruitment. Managers who seek to address these threats and increase aspen resilience and 
adaptive capacity may consider promoting aspen population flexibility across the landscape. To 
accomplish this, we propose three objectives for aspen management: (1) promote diversity in age 
structure across the landscape, particularly by enhancing regeneration and recruitment, (2) mitigate 
negative impacts of ungulate browse on recruitment, and (3) enhance structural, adaptive, and 
functional complexity. We discuss how various management strategies – including silvicultural 
techniques, ungulate population reduction, and wildland or prescribed fire – could meet these 
objectives. 
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BALANCING CLIMATE CHANGE ADAPTATION WITH FOREST 
CARBON AND BIODIVERSITY OBJECTIVES IN MATURE 

WESTSIDE FORESTS 
Neil G. Williams, Matthew D. Powers, and Justin S. Crotteau 

Neil G. Williams is an ORISE post-doctoral research fellow, 800 E Beckwith Ave, Missoula, MT 59801, 
neil.williams2@usda.gov. 

Matthew D. Powers is an assistant professor, Oregon State University, College of Forestry, Corvallis, OR 
97331. matthew.powers@oregonstate.edu.   

Justin Crotteau is a research forester, U.S. Department of Agriculture, Forest Service, Rocky Mountain 
Research Station, 800 E Beckwith Ave, Missoula, MT 59801, justin.crotteau@usda.gov. 

 

ABSTRACT—Climate change adaptation has become an important goal of forest landowners nationwide, 
but few studies have quantified the compatibility of adaption-related objectives and other common 
management priorities. As recent federal policy initiatives indicate, concern exists over the climate-
related threats to mature and old-growth forests. These forests are also highly valued for biodiversity 
and cultural resources, and as carbon stores, suggesting the potential for multi-objective trade-offs when 
also managing for climate adaptation. The Pacific Northwest is a region in which such multi-objective 
trade-offs in older forests are extremely relevant, and within this region, the future role of climate-
adaptive management is likely to be more pertinent to mature than old-growth forests. Drawing on an 
empirical dataset from 18 mature stands representing unmanaged, thinned, and retention harvest 
management conditions, located in western Oregon, we (1) evaluated the effect of management on 
resistance and resilience to the 2001 drought, and (2), quantified trade-offs between drought 
adaptation, carbon storage, structural complexity, and late-successional and early-successional forest 
bird conservation. Drought resistance and resilience of trees in retention harvest stands was significantly 
higher than in unmanaged or thinned stands, but did not differ between the latter management 
conditions, potentially because of the time elapsed (mean of 22 years) between thinning and the 
drought. However, on aggregate, multi-objective trade-offs were highest in retention harvest stands, 
while thinned stands more effectively balanced multi-objective trade-offs. Across all 18 mature stands, 
our analysis revealed notable trade-offs between drought adaptation and late-successional forest birds, 
and between carbon storage and early-successional forest birds. 

 

 

 

 

 

 

Return to Table of Contents 

mailto:neil.williams2@usda.gov
mailto:matthew.powers@oregonstate.edu


National Silviculture Workshop, Tacoma, WA, July 16-18, 2024 

36 

LOG LANDINGS ARE FOR THE BEES: A CASE STUDY IN THE 
COPRODUCTION OF ACTIONABLE SCIENCE TO BENEFIT 

NATIVE POLLINATORS 
Lauren Pile Knapp, Aliza Boles Fassler, Morgan Davis, Dan Dey, John Kabrick, David King, Ben Knapp, 

Susannah Lerman, Debbie Page-Dumroese, Will Rumpf, and Sloane Scott 

Lauren Pile Knapp is a research ecologist, U.S. Department of Agriculture, Forest Service, Northern 
Research Station, 202 Anheuser-Busch Natural Resources Building, Columbia, MO 65211. 

Lauren.pile@usda.gov.  

Aliza Boles Fassler is a graduate student, University of Massachusetts-Amherst, 160 Holdsworth Way, 

Amherst, MA 01003.  

Morgan Davis is an assistant professor, University of Missouri, 303R Anheuser-Busch Natural Resources 

Building, Columbia, MO 65211. 

Dan Dey is an assistant director and research forester, U.S. Department of Agriculture, Forest Service, 
Northern Research Station, 202 Anheuser-Busch Natural Resources Building, Columbia, MO 65211.  

John Kabrick is a project leader and research forester, U.S. Department of Agriculture, Forest Service, 

Northern Research Station, 202 Anheuser-Busch Natural Resources Building, Columbia, MO 65211. 

David King is research wildlife biologist, U.S. Department of Agriculture, Forest Service, Northern 

Research Station, 160 Holdsworth Way, Amherst, MA 01003. 

Ben Knapp is an associate professor, University of Missouri, 203 Anheuser-Busch Natural Resources 

Building, Columbia, MO 65211. 

Susannah Lerman is a research ecologist, U.S. Department of Agriculture, Forest Service, Northern 
Research Station, 160 Holdsworth Way, Amherst, MA 01003. 

Debbie Page-Dumroese is a research soil scientist, U.S. Department of Agriculture, Forest Service, Rocky 

Mountain Research Station, 1221 South Main Street, Moscow, ID, 83843.  

Will Rumph is a graduate student, University of Missouri, 303 Anheuser-Busch Natural Resources 

Building, Columbia, MO 65211. 

Sloane Scott is a graduate student, University of Missouri, 303 Anheuser-Busch Natural Resources 

Building, Columbia, MO 65211. 

 

ABSTRACT—Active forest management is anticipated to favor early successional and open forest wildlife 

including native pollinators, especially in aging, homogeneous forested landscapes. However, the heavily 

impacted areas from timber harvest (e.g., log landings, skid trails, and forest roads) are slow to recover 

and typically result in an indelible visual impact resulting from forest operations. Further, scientific 

evidence suggests that many pollinating species, including native bees, are declining in range and 
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abundance and that habitat loss is likely the most significant driver. Log landings that serve as semi-
natural habitats may boost the abundance, diversity, and floral continuity of food and nesting resources 

for native bees. Staff from National Forests (i.e., Hoosier, Mark Twain, and Shawnee) in the midwestern 

US wanted to ‘do something better’ than typical log landing closeout procedures by providing 

ephemeral, rapidly establishing pollinator habitat. Scientists and managers came together to develop a 

project to reduce compaction, improve soil conditions, and establish floral resources across the growing 

season. During this presentation, we will discuss the coproduction process that grew this management 

need into a large-scale research project with unforeseen interest. We will highlight the treatments and 

the outcomes – for soils, plants, and native bees. Further, we will discuss ideas for developing protocols 

for establishing pollinator habitat on log landings on your Forest. With increases in the pace and scale of 
active forest management, log landings resulting from timber harvest and scaled across the landscape 

offer the opportunity to promote and sustain a diversity of native pollinators.      
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CREATING AND MAINTAINING RESILIENCY IN MATURE 
LONGLEAF PINE WOODLANDS 

Joshua J. Puhlick and Benjamin O. Knapp 

Joshua J. Puhlick, Assistant Scientist, The Jones Center at Ichauway, Newton, GA 39870, 
joshua.puhlick@jonesctr.org.  

Benjamin O. Knapp, Associate Professor, University of Missouri, School of Natural Resources, Columbia, 

MO 65211. 
 

ABSTRACT—In longleaf pine (Pinus palustris Mill.) ecosystems, an objective of some landowners is to 
create and maintain resiliency in mature woodlands. This is partially accomplished by maintaining a 
component of large longleaf pine trees. A potential strategy to accelerate recruitment of trees to larger 
size classes is to purposefully release saplings within dense patches of longleaf pine. At The Jones Center 
at Ichauway, we thinned patches of sapling-sized trees within mature, uneven-aged stands. The method 
we used was a thinning from below with the modification that some dominant and codominant trees 
were also cut. Thinning was done with a feller-buncher and there was minimal damage to residual 
saplings. Precommercial thinning occurred while single-tree selection cutting was also conducted within 
the same stands. Accelerating the recruitment of some trees to larger size classes might ensure that 
large trees killed during non-harvest disturbance events are replaced sooner than without intervention. 
Other benefits of this new approach to managing mature longleaf pine woodlands may include 
enhanced carbon accumulation and groundcover productivity. 
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SPECIES AND STAND DENSITY EFFECTS ON ADAPTATION TO 
EXTREME CLIMATE EVENTS IN MOIST, WESTSIDE PACIFIC 

NORTHWEST FORESTS 
Matt Powers, Madelene Elfstrom, Emily Von Blon, and Carlos Gonzalez-Benecke 

Matt Powers is an associate professor, Department of Forest Engineering, Resources and Management, 
Oregon State University, College of Forestry, Corvallis, OR 97331, matthew.powers@oregonstate.edu  

Madelene Elfstrom is a forestry technician, USDA Forest Service, San Juan National Forest, 15 Burnett 
Court, Durango, CO 81301 

Emily Von Blon is a faculty research assistant, Department of Forest Engineering, Resources and 
Management, Oregon State University, College of Forestry, Corvallis, OR 97331 

Carlos Gonzales-Benecke is an associate professor, Department of Forest Engineering, Resources and 
Management, Oregon State University, College of Forestry, Corvallis, OR 97331 

 

ABSTRACT—Stand density reductions and alternative species selection are frequently recommended for 
promoting climate adaptation, but few studies have examined the effects of density manipulation or 
species selection on climate adaptation in moist forests of the Pacific Northwest. We evaluated thinning 
effects on tree growth responses to repeated droughts, and the effects of multiple climatic variables on 
tree growth for 11 species planted across sites with varying precipitation and temperature regimes in the 
Oregon Coast Range. Our findings suggest that reducing stand densities below traditional thinning 
guidelines was most effective at increasing drought resistance and resilience, although thinning effects 
declined over time. Species in the planting trial varied in sensitivity to site-related differences in climate 
and individual climate variables. Giant sequoia, grand fir, and western hemlock showed the largest 
growth declines from our mildest, wettest site to our warmest, driest site. Growth variation in these 
species was primarily associated with springtime precipitation, annual VPD, or annual PDSI. Douglas-fir, 
western white pine, and Leyland cypress showed less growth variation across sites. These species’ 
growth was primarily influenced by seasonal rainfall, or the duration of temperatures adequate for tree 
growth, but never by variables related to maximum temperature or VPD. Our results suggest that: (1) 
thinning guidelines could be modified to promote increased drought adaptation, including repeated 
thinning to prolong adaptation benefits, and (2) species selection may be particularly important on lower 
elevation, interior sites where spring and summer precipitation are lower, while summer temperatures, 
VPD, and moisture deficits are higher.  
 

INTRODUCTION  

Extreme heat and drought have become more common in the historically moist forest ecoregions of the 
Pacific Northwest, with both temperatures and drought stress projected to continue increasing 
throughout this century (May et al. 2018, Mote et al. 2019). These trends raise concerns over how 
projected changes in tree mortality and ecosystem productivity (Hogan et al. 2024) could impact the 
region’s $140 billion natural resource economy (May et al. 2018), threaten biodiversity conservation, and 
reduce the carbon storage and sequestration potential of forests that currently serve as a globally 
important carbon sink. Stand density reductions and alternative species selection are among the most 
frequent recommendations for promoting increased ecosystem resistance and resilience to the effects of 
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climate change, but there are surprisingly few studies that have examined the direct effects of stand 
density manipulation or alternative species on resistance and resilience to periods of extreme drought, 
heat, or evaporative demand in the Douglas-fir (Pseudotsuga menziesii) dominated forests characteristic 
of much of the low-middle elevation moist forest ecoregions of the Pacific Northwest. To address this 
knowledge gap, we evaluated: (1) the effects of thinning treatments resulting in varying residual 
densities on tree growth resistance and resilience to repeated drought events, and (2) relationships 
between an array of climate variables and interannual variation in individual tree growth in 11 species 
planted across sites with varying moisture and temperature regimes. 

METHODS  

The Mature Forest Study, located on Oregon State University’s McDonald Research Forest in the eastern 
foothills of the Oregon Coast Range, includes a series of thinning treatments applied to 50- to 55-year-
old Douglas-fir in 1993. The thinning treatments resulted in four residual density levels replicated in two 
spatial patterns: uniform thinning, and thinning with gaps of 0.06 – 0.1 ha embedded within the thinned 
matrix. We collected increment cores from trees in randomly located plots in each treatment unit and 
used them to: (a) calculate drought resistance and drought resilience for droughts occurring 8 years after 
thinning (2001) and 21 years after thinning (2015-2016), (b) calculate 2010-2019 periodic annual volume 
increment (PAI), and (c) evaluate thinning effects on tradeoffs between drought resistance, drought 
resilience, and PAI using a multi-objective tradeoff framework from Bradford and D’Amato (2012).  

The Starker Forests, Inc. Species Trial is located on private lands owned by Starker Forests, Inc. in the 
Oregon Coast Range. From 1996-1998, plantings of 12 species were replicated across three sites 
representing a gradient of precipitation and annual potential evapotranspiration (PET). We collected 
increment cores from 11 of these species in 2021, and used time series linear mixed models to evaluate 
relationships between annual basal area increment (BAI) in each species and several mean monthly, 
seasonal, and annual climate variables including precipitation, average, minimum, and maximum 
temperature, average and maximum vapor pressure deficit (VPD), relative humidity, incident solar 
radiation, cumulative growing degree days (GDD), PET, and the Palmer Drought Severity Index (PDSI).  

Results  

Thinning Treatment Effects on Drought Resistance, Drought Resilience, and Volume Increment 

For a drought occurring eight years after thinning, drought resistance and drought resilience were 
highest in treatments thinned to residual densities slightly below (mean Curtis’ Relative Density, CRD = 
2.55) to slightly above (mean CRD = 3.3) relative densities associated with crown closure (Curtis 1982), 
while drought resistance and resilience were lowest in the highest residual density treatments (mean 
CRD = 4.6), which were thinned to relative densities approaching the onset of self-thinning. For a 
drought occurring 21 years after thinning, drought resistance and drought resilience were significantly 
lower across all thinning treatments, and were not different between the lowest and highest residual 
density treatments. Thinning treatments had no significant effects on 2010-2019 PAI, although there was 
a significant treatment effect on the tradeoff between 2010-2019 PAI and resistance to the 2015-2016 
drought event, which suggests a trend towards higher drought resistance in lower residual density 
treatments and higher PAI in higher residual density treatments. Spatial arrangement (i.e., uniform 
thinning vs. thinning with gaps) did not have significant effects on drought resistance, drought resilience, 
periodic volume increment, or their tradeoffs.  

Effects of Climate Variables on Interannual Growth Variability in 11 Conifer Species 

Species varied considerably in their sensitivity to both site-related differences in climate and individual 
climate variables. Giant sequoia (Sequoiadendron giganteum), grand fir (Abies grandis), and western 
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hemlock (Tsuga heterophylla) generally had the highest BAIs at our coastal site, where mean annual 
precipitation was highest and drivers of evaporative demand were lowest. These species showed the 
largest declines in growth from our mild, wet, coastal site to our warmest, driest interior site. Variation in 
their interannual growth rates was primarily associated with mean spring precipitation (giant sequoia 
and western hemlock), maximum annual VPD (giant sequoia and grand fir), and mean annual PDSI 
(grand fir). In contrast, Douglas-fir, western white pine (Pinus monticola), and Leyland cypress (× 
Cupressocyparis leylandii), which were all among the fastest-growing species at our driest and warmest 
site, showed less variation in mean annual growth across sites. Interannual growth in these species was 
associated with seasonal rainfall variables (Douglas-fir and Leyland cypress) and the duration of 
adequate temperatures for tree growth (western white pine and Leyland cypress), but never with VPD or 
maximum temperature variables. 

Discussion and Management Implications  

Our findings suggest that thinning treatments reducing stands to relative densities near or below the 
onset of competition or crown closure threshold (CRD = 2.85) increase drought resistance and resilience 
relative to treatments that maintain full site occupancy. This is consistent with recent findings from 
mixed conifer forests in the Sierra Nevada (North et al. 2022) and a larger body of work suggesting that 
thinning effects on drought adaptation generally increase with increasing thinning intensity (Sohn et al. 
2016, Moreau et al. 2022). Our findings also indicate that repeated thinning treatments may be needed 
to maintain drought adaptation benefits over long timescales, as both drought resistance and drought 
resilience were much lower, and more similar across thinning treatments during a drought occurring 21 
years after thinning relative to a drought that occurred 8 years after thinning. Our results also suggest 
that thinning to residual densities low enough to maximize drought adaptation benefits may have 
tradeoffs with stand-scale volume growth, which is consistent with other studies in coastal Douglas-fir 
that report reduced volume growth at stand densities below the full site occupancy zone (Curtis 2006, 
Newton and Cole 2015).  

Our species trial results suggest several important implications. First, several species including giant 
sequoia, western hemlock, and grand fir showed considerable variability in BAI across the gradient in 
precipitation and evaporative demand represented by our sites, while other species, including Douglas-
fir, western white pine, and Leyland cypress showed relatively little variation in BAI across sites. Giant 
sequoia and grand fir also showed relatively high sensitivity to mean annual maximum VPD, which was 
nearly 70% higher at our driest and warmest site than at our wettest site where temperatures were 
milder. These results suggest that species selection could be an effective approach to mitigating several 
impacts of climate change, particularly on lower elevation, valley margin sites where VPD and moisture 
deficits are higher.  
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STRATEGIC SILVICULTURE AND ECONOMIC INCENTIVES TO 
REDUCE CROSS-BOUNDARY WILDFIRE RISK IN A WCS 

LANDSCAPE 
John Riling, Tim Leishman, Justin Crotteau and Mike Battaglia 
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ABSTRACT—The Southwest Idaho Wildfire Crisis Landscape (SIL) was one of ten initial landscapes 
prioritized for Bipartisan Infrastructure Law funding to implement the Wildfire Crisis Strategy. This 10-
year strategy emphasizes an all-lands approach to reduce wildfire risk to communities. According to a 
risk-based wildfire analytics strategy developed for SIL, the majority of fuels treatments would need to 
occur on private property to effectively reduce risk to communities. However, this poses a problem 
because many private landowners are not economically willing or able to pay for forest fuel reduction. To 
address this need, the Southwest Idaho All-Lands Partnership was established, pulling together funding 
and grants to treat private property, with the National Forest Foundation serving as the fiscal aggregator 
of funds and lead for grants such as the Regional Conservation Partnership Program. To effectively and 
equitably disperse funds and reduce wildfire risk, innovative analytical tools are being utilized, such as 
Land Tender, to prioritize and design spatially effective treatments. In addition, a condition-based 
silvicultural prescription guide is being developed based on ecological considerations, risk categories, 
desired conditions, treatment types and intensity to provide an objective approach for funding level 
categorization. This guide allows for a site-specific approach to planning, analysis, and implementation 
that can be efficiently applied across large mixed ownership landscapes. This cross-boundary silvicultural 
framework is broadly applicable to high-fire hazard landscapes in the western United States. 
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ABSTRACT—Scaling up treatment planning and implementation across the Central Washington Initiative 
(CWI) landscape to meet the goals of the 10-year Wildfire Crisis Strategy is a daunting challenge. To 
ensure that both landscape restoration and community wildfire risk reduction goals are met, the 
Okanogan-Wenatchee National Forest (OWNF) is building upon a unique science-management 
partnership with the Washington State Department of Natural Resources (DNR) and the USDA-FS Pacific 
NW Research Station (PNWRS). DNR’s 20-Year Forest Health Strategic Plan provided an initial foundation 
for the CWI, including the selection of high priority planning areas. To guide project planning within 
planning areas, the partners jointly developed a landscape evaluation process covering all lands. This 
process includes quantitative assessments of key changes from historical conditions, fire risk, wildfire 
management needs, current and future drought stress, and other metrics. These are then combined into 
a landscape prescription that includes an estimate of overall treatment need and a spatial treatment 
prioritization. Evaluations have been conducted across 1.7 million acres in the CWI and have identified 
380,000 acres in need of treatment. Landscape evaluations provide managers and partners with a 
transparent science-based framework that helps maintain the trust and support needed to meet the 
large-scale goals of the CWI. In this presentation, we review the components of landscape prescriptions 
and provide an example from an area surrounding Leavenworth, Washington. We demonstrate how 
landscape prescriptions are combined with stand-level data into a framework for multi-scale silviculture 
that links stand-level treatments to desired landscape patterns and disturbance processes. 
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TERRESTRIAL CONDITION ASSESSMENT: ECOLOGICAL 
INTEGRITY AT THE LANDSCAPE SCALE 

Sarah Anderson, Keith Reynolds, Joanne Baggs, Andy Colter, Alix Cleveland, Robyn Darbyshire, Don Long, 
Lisa Kluesner, Larry Laing, Kevin Megown, Brett Ruether, Ryan Rock, Abigail Schaaf, Estella Smith, Borys 

Tkacz, and Zackary Werner 
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ABSTRACT—The Terrestrial Condition Assessment (TCA) provides a data-driven, nationally consistent 
mid-level assessment of ecological conditions across all national forests and grasslands. TCA utilizes the 
Ecosystem Management Decision Support (EMDS) system which supports landscape analysis and 
planning.  The model’s 12 indicators of ecological integrity are supported by 30 metrics derived from 
nationally consistent datasets. The indicators account for the major drivers of ecological conditions and 
by providing a score for each indicator in addition to the overall score, the TCA can identify which 
indicators are driving ratings of ecological condition. Information from the TCA can be used to identify 
restoration and maintenance needs for landscapes on NFS lands.  The framework of using national data 
sources with the EMDS system has been modified for focused management questions such as the 
mature and old growth threat assessment. Annually, ecological conditions across National Forest System 
lands are evaluated using landtype associations or landscapes as analysis units. In addition, the TCA is 
updated to support an agency-wide key performance indicator (KPI) that determines the percent of 
landscapes where management occurred that are improved, maintained, or recovering. The KPI uses the 
modelled conditions as a baseline and then evaluates management activities to estimate their ecological 
effect. 
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REDCEDAR (THUJA PLICATA) IN MOIST HABITATS IN THE 

NORTHERN ROCKIES: FROM SEED TO SEEDLING 
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ABSTRACT—Western redcedar (Thuja plicata) looms large in the northwest, being ecologically, culturally 
and economically. While mature trees are abundant, we are failing to see a similar presence in the 
understory in moist habitats on the windward side of the northern Rockies. Forest Service researchers 
are looking at where in the regeneration process this failure may be occurring. Two ongoing studies (data 
collection through 2026) in Priest River (PREF) and Deception Creek (DCEF) Experimental Forests in Idaho 
look at regeneration at the seed and seedling stages, respectively. At PREF, seed traps are being deployed 
in stands in which western redcedar is a major component of the overstory to gather data on seed 
production and viability. Seed will be collected from the traps biweekly. Dried sees will be counted and x-
rayed for viability. Viable seeds will be used to perform germination tests, in the nursery and field. At 
DCEF, a western redcedar seedling herbivory study was established in summer of 2023. Six hundred 
seedlings were planted in 120 groups and assigned as a control (no treatment), anti-herbivore spray 
(Trico®), or cage (exclusion fence) group. Survival and tree height data is collected each fall and spring. 
These studies will help us understand if seed production, seed viability or herbivory may be contributing 
to regeneration failure within these habitat types. Land managers can use these results to adapt their 
strategies of regenerating western redcedar in moist habitats to ensure an important component of a 
diverse and healthy forest ecosystem type remains. 

 

 

 

 

 

 

 

 

 

Return to Table of Contents 



National Silviculture Workshop, Tacoma, WA, July 16-18, 2024 

47 

RESTORATION MANAGEMENT EXPERIMENT IN MEXICAN 
SPOTTED OWL (MSO) PROTECTED ACTIVITY CENTERS ON THE 

LINCOLN NATIONAL FOREST IN SOUTHEASTERN NEW 
MEXICO 

Marisa A. Bowen 
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National Forest Supervisor’s Office, 777 Garden Valley Dr., Roseburg, OR 97451, 

marisa.bowen@usda.gov 

 

ABSTRACT—The Lincoln NF is finalizing NEPA for a management experiment to treat 7 MSO protected 
activity centers (PACs) in the South Sacramento Restoration Project (SSRP). The purpose of the 
experiment is to implement thinning and Rx burning in occupied MSO habitat, to assist in reducing the 
risk of stand-replacing fires and reducing occurrence and extent of insect and disease outbreaks within 
owl habitat. Consistent monitoring and adaptive management are a main focus, this information will be 
used for future silviculture prescriptions in PACs outside the experiment areas. Treatments are expected 
to maintain existing habitat elements and promote the development of future habitat elements in forest 
stands that are not currently suitable for nesting/roosting or only provide marginal habitat. The proposal 
also includes extensive design criteria and protection measures to limit the impacts to this species.  

The goal in MSO habitat is to improve the quantity, quality, and distribution of owl habitat. A primary 

management objective of restoration work in MSO habitat is retention, promotion, and protection of 

large and old trees, including hardwood as well as conifer species, in addition to reducing the risks from 

wildfires, insects, and disease outbreaks.  

This poster will focus on the milestones and obstacles we faced getting this project coordinated with our 

many partners, draft prescriptions, adaptive management actions for the PAC treatments, and more in-
depth objectives on how we plan to use this management experiment to inform our future restoration of 

MSO habitat in the southwest United States. 
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SNOW FOR TREES: FORESTRY TECHNIQUES TO SLOW SNOW-
MELT AND INCREASE SOIL MOISTURE 

Rowan Braybrook and Jaal Mann 

Rowan Braybrook is the director of programs at Northwest Natural Resource Group, 2701 1st Ave, Suite 
240, Seattle, WA 98121, rowan@nnrg.org.  

Jaal Mann is the lead forester at Northwest Natural Resource Group, 2701 1st Ave, Suite 240, Seattle, WA 
98121, jaal@nnrg.org.  

 

ABSTRACT—With drier summer soils causing tree stress, how can we use climate-smart silvicultural 
techniques to increase water availability and thereby increase forest resilience? Forestry techniques like 
thinning and gap cuts (small clearcuts 0.5 to 1 acre in size) are sometimes recommended to increase 
snowpack, delay snowmelt, and thereby increase soil moisture later into the spring. Our research 
project has sought to provide local and actionable proof of concept that these methods work in mid-
elevation forests in the Pacific Northwest. In partnership with Nisqually Community Forest, foresters 
with Northwest Natural Resource Group created thinned areas and gaps next to a control stand in a 
mid-elevation forest (~4000 ft altitude) near Mount Rainier. Over the course of several years, 
measurements of snow depth and soil moisture have shown that significantly more snow accumulated 
in the gaps, and there was more snow in the thinned forest than the control. The snow in the gap and 
thinning also lasted significantly longer in spring, and these areas had more soil moisture through 
summer. Stretching out the snowmelt later into the spring could reduce the impacts of summer drought 
on trees and increase the supply of cool water to streams in mid-summer when it's in short supply. Since 
thinning provides some of the benefits that gaps do, it could be practical to obtain the lengthened snow 
melt season by thinning dense forest stands, rather than creating fully cleared gaps – a win for both 
climate adaptation and mitigation. 
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ADAPTIVE FOREST RESTORATION: PLANTING THE RIGHT 
TREE, AT THE RIGHT SITE, FOR THE RIGHT REASONS 

Rowan Braybrook and Rolf Gersonde 

Rowan Braybrook is the director of programs at Northwest Natural Resource Group, 2701 1st Ave, Suite 
240, Seattle, WA 98121, rowan@nnrg.org.  

Rolf Gersonde is a forest ecologist with Seattle Public Utilities, 17905 Cedar Falls Road S.E. 
North Bend, WA, rolf.gersonde@seattle.gov.  

 

ABSTRACT—Will restoring a site with a climate-adapted mix of tree seed sources and species help 
ensure a resilient future forest? The Stossel Creek Adaptive Reforestation Project seeks to advance this 
restoration question. The restoration site consists of 154 acres east of Seattle, Washington and 
incorporates an adaptive planting trial using seedlings sourced from warmer and drier climates. The 
Seedlot Selection Tool was used to identify areas with a current climate that matches the projected 
climate for Stossel Creek in the mid and late century. Trial plots, embedded within the overall planting 
plan, allow for controlled monitoring to assess the viability of various species planted across the site, as 
well as the relative success of seven different species and seedlings from different sources. The project 
is in its fourth year of monitoring the survival and growth of each species, as a step towards gauging 
which species fare the best in the area over the long term. The restoration demonstrates several 
common-sense actions that forest managers can use to build resilience and reduce stress in their 
forests. This includes reducing invasive species, planting a diversity of species, and planting more 
drought-tolerant species. Overall, the project demonstrates that it's important to focus on climate, not 
just location, when determining seed source origins. 
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TERRESTRIAL ECOLOGICAL UNIT INVENTORY: WORKING AT 
MULTIPLE SCALES 

Andy Colter, Joanne Baggs, Estella Smith, Anna Peterson, Abby Achtenhagen, Conner Reed, and Anthony 
Whaley 

Andy Colter is the National Soils Program Leader, U.S. Department of Agriculture, Forest Service, 
National Forest System, Washington Office, 201 14th Street SW, Washington, DC 20224, 
robert.colter@usda.gov.  

Joanne Baggs is the National Landscape Ecology Program Leader, U.S. Department of Agriculture, Forest 
Service, National Forest System, Washington Office, 1720 Peachtree Road, Atlanta, GA 30309, 
joanne.baggs@usda.gov.   

Estella Smith is the Geospatial Ecosystems Specialist – Resource Mapping, Inventory, and Monitoring 
(RMIM), U.S. Department of Agriculture, Forest Service, National Forest System, Geospatial Technology 
and Applications Center, 3460 Industrial Drive, York, PA 17402, estella.smith@usda.gov. 

Anna Peterson is a Geospatial Project Manager, Forest Service Contractor for Geospatial Technology and 
Applications Center (GTAC), RedCastle Resources, Inc., Salt Lake City, Utah, anna.peterson2@usda.gov. 

Abby Achtenhagen is a Geospatial Analyst, Forest Service Contractor for Geospatial Technology and 
Applications Center (GTAC), RedCastle Resources, Inc., Salt Lake City, Utah, abby.achtenhagen@usda.gov.   

Conner Reed is a Geospatial Analyst, Forest Service Contractor for Geospatial Technology and 
Applications Center (GTAC), RedCastle Resources, Inc., Salt Lake City, Utah, conner.reed@usda.gov. 

Anthony Whaley is a Geospatial Analyst, Forest Service Contractor for Geospatial Technology and 
Applications Center (GTAC), RedCastle Resources, Inc., Salt Lake City, Utah, anthony.whaley@usda.gov.   

 

ABSTRACT—Terrestrial Ecological Unit Inventory (TEUI) is the USDA Forest Service's system of classifying 
natural communities and mapping their individual components at different spatial scales. The National 
Hierarchy Framework of Ecological Units provides a framework for developing nested terrestrial 
ecological units from the continental to local scales. The TEUI Technical Guide focuses on the 
development of units at the landtype association, landtype, and landtype phase. The system categorizes 
different land characteristics such as geology, climate, soils, hydrology, and vegetation, creating maps 
based on geospatial data. These maps and descriptions are applied in land use planning and 
management to identify the ability of specific land areas to support various activities at multiple scales. 
Classifying and mapping ecological systems stratifies the landscape at multiple scales to understand the 
arrangement, pattern, and capabilities of ecosystems. Finer ecological units at the landtype and landtype 
phase levels are useful for project planning and implementation helping to understand site productivity, 
potential wildlife habitat, and potential response to management activities. TEUI products can inform 
silvicultural treatments and implementation. Several tools are available to assist with mapping and 
classifying ecological types including the TEUI Geospatial Toolkit. 
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INCREASING RESILIENCE IN THE NORTHERN ROCKIES 
MIXED CONIFER FORESTS 

Mady L. Litzenberger, Jason R. Reinhardt, Andrew J. Sánchez Meador 

Mady L. Litzenberger is a master’s student, Northern Arizona University, School of Forestry, Flagstaff, AZ 
86001, mll533@nau.edu. 

Jason R. Reinhardt is a research forester, U.S. Department of Agriculture, Forest Service, Rocky Mountain 
Research Station, Moscow, ID, 83843. 

Andrew J. Sánchez Meador is the executive director of the Ecological Restoration Institute and Professor 
of Forest Biometrics and Quantitative Ecology, Northern Arizona University, School of Forestry, Flagstaff, 
AZ 86001. 

 

ABSTRACT—Since the introduction of white pine blister rust, a disease caused by the invasive fungal 
pathogen Cronartium ribicola, in the early 1900’s, forests of the northern Rocky Mountains have 
undergone a landscape-level shift from the historically-dominant western white pine (Pinus monticola) 
forest type to a range of less diverse forest types dominated primarily by grand fir (Abies grandis) and 
western hemlock (Tsuga heterophylla). These shade-tolerant species are highly susceptible to root 
disease and other disturbances. To address these challenges, a free-selection silviculture experiment has 
been underway since 2006 at the Priest River Experimental Forest in northern Idaho to test the effects of 
canopy openness and site preparation. Treatments were implemented in a mosaic across the Canyon 
Creek drainage, primarily focused on intact homogenous forests but encompassing a range of 
topographic aspects and positions. The primary management goal of this experiment is to increase forest 
resilience by returning shade-intolerant tree species back to the landscape and the research goal is to 
understand the ideal set of conditions for their growth. Stand compositional data was collected pre- and 
post-treatment, in 2015, and 2023. These stand dynamics data will be paired with a detailed assessment 
of contemporary forest structure obtained using terrestrial LiDAR. The results of this study will ultimately 
provide land managers with detailed information on how to increase forest complexity and improve 
resilience within mixed conifer forests in the northern Rockies. 
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SILVICULTURAL CANOPY GAPS IMPROVE HEALTH AND 
GROWTH OF EASTERN HEMLOCKS INFESTED WITH 
ADELGES TSUGAE IN THE SOUTHERN APPALACHIAN 

MOUNTAINS 
 
Albert E. Mayfield IIIa, Robert M. Jettonb, Bryan T. Muddera, William A. Whittierc, Tara L. Keysera, James 

R. Rhea,d and Margaret Woodbridgea 
 

a Southern Research Station, USDA Forest Service, Asheville, NC, United States 
b Department of Forestry and Environmental Resources, North Carolina State University, Raleigh, 
NC, United States  
c Camcore, Department of Forestry and Environmental Resources, North Carolina State 
University, Asheville, NC, United States  
d Forest Health Protection, Southern Region, USDA Forest Service, Asheville, NC, United States 

 
ABSTRACT—The hemlock woolly adelgid (HWA, Adelges tsugae Annand) is an invasive forest insect 
threatening the sustainability of eastern hemlock (Tsuga canadensis (L.) Carrière) in eastern North 
America. In this study, cutting small gaps in the forest canopy above understory eastern hemlocks was 
evaluated as a potential tool for use in the integrated pest management of HWA. Two gap sizes and two 
gap creation methods (felling vs. girdling trees) were assessed for effects on HWA density, hemlock 
crown health, hemlock growth, and regeneration of competing tree species, at three different latitude 
groups in the southern Appalachians. In all three latitude groups, the treatment that removed the most 
canopy competition (Large Fell) increased the production of new hemlock shoots, reduced the 
percentage of dead shoots, and increased basal area increment of target hemlocks relative to 
unreleased trees. Smaller gaps and those that removed fewer competing live trees (Girdle treatments) 
also improved hemlock health in the southernmost latitude group. Positive effects of canopy gaps on 
hemlock crown condition and growth occurred despite similar or higher HWA densities on gap-released 
vs. unreleased trees. In the southernmost latitude group, the regeneration density of deciduous species 
increased significantly in the three years following gap creation and were highest in the Large Fell 
treatment. Results support the hypothesis that increased availability of sunlight resulting from small 
canopy gaps improves the physiological tolerance of eastern hemlock to HWA and could complement 
biological control by providing a more stable source of new shoots with adelgid prey for predatory 
insects. https://www.fs.usda.gov/research/treesearch/66596  
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PLANT UNDERSTORY DYNAMICS ACROSS A LANDSCAPE 
SILVICULTURE EXPERIMENT IN THE NORTHERN ROCKIES 

Nicole Mutchler, Jason Reinhardt, and Madison Litzenberger 

Nicole Mutchler is a Botanist, USDA Forest Service, Rocky Mountain Research Station, Priest River 

Experimental Forest, 4907 E. River Road, Priest River, ID 83856, nicole.mutchler@usda.gov. 
 
Jason Reinhardt is a Research Forester, USDA Forest Service, Rocky Mountain Research Station, 1221 S. 

Main Street, Moscow, ID 83843, jason.reinhardt@usda.gov. 
 
Madison Litzenberger is a Graduate Student Researcher, Northern Arizona University, School of Forestry, 

2112 S Huffer Ln, Flagstaff, AZ 86011, mll533@nau.edu. 
 

ABSTRACT– In northern Rocky Mountain forests, an array of disturbances has caused a transition of the 
historical western white pine (Pinus monticola) forest type to a grand fir-cedar-hemlock forest (Abies 
grandis, Thuja plicata, Tsuga heterophylla). This shift has decreased resiliency of the landscape against 
disease, insects, fire severity, and drought, while also decreasing biodiversity of local plant populations. 
In this study, we explore the outcomes of biodiversity and structure in plant communities across a 
mosaic of innovative silvicultural methods promoting the re-establishment of western white pine. 

This research is being conducted at the Priest River Experimental Forest (PREF) in northern 
Idaho’s Panhandle National Forest. PREF is in a transitional zone of Pacific Coastal and intermountain 
influences, which together reflects its complex biodiversity. In the early 2000s, an assortment of harvests 
were implemented using the free selection silvicultural system in the Canyon Creek drainage at PREF, 
with the goal of promoting the establishment of adaptable early seral tree species, like western white 
pine and western larch (Larix occidentalis).  

In summer 2023, complete floristic surveys of species presence and abundance were conducted 

across various forest conditions created in the experiment. These data are being analyzed to compare 

species diversity between individual treatments and across the changing landscape. We will also 

evaluate the impacts of forest conditions on plant community structure. These results will be beneficial 

in providing forest managers with scientific context as to how the landscape will change from the ground 

up when choosing from various stand-level silvicultural treatments.     
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FOREST COMMUNITY STRUCTURE DETERMINES THE 
BALANCE OF FACILITATION AND PARASITISM BETWEEN 

SANDALWOOD AND HOST SPECIES IN A HAWAIIAN RESTORED 
TROPICAL DRY FOREST 

Pandu Y. A. P. Wirabuana, Travis W. Idol, and Emily C. Thyroff  

Pandu Y. A. P. Wirabuana is a graduate student, Department of Natural Resources and Environmental 
Management, University of Hawaiʻi at Manoa,  1910 East-West Road, Sherman Laboratory 101, 
Honolulu, HI 96822, panduwir@hawaii.edu  

Travis W. Idol is a professor, Department of Natural Resources and Environmental Management, 
University of Hawaiʻi at Manoa,  1910 East-West Road, Sherman Laboratory 101, Honolulu, HI 96822, 
idol@hawaii.edu  

Emily C. Thyroff is a post-doctoral researcher, Department of Forestry and Natural Resources, Purdue 
University, 715 W State St, West Lafayette, IN 47907 

 

ABSTRACT—Recovering populations of sandalwood (ʻiliahi) is a priority for biodiversity conservation in 
Hawaiʻi. A field experiment was initiated in 2019 in which a seedlings of ʻiliahi (Santalum paniculatum) 
were planted in rows with or without a nearby host plant, either Acacia koa (koa) or Dodonaea viscosa 
(ʻaʻaliʻi) at distances of <0.2, 0.5, 1.0, and 2.0 m to evaluate host suitability and determine a suitable 
distance to balance early parasitic resource transfer. The expanding root network of surviving plants is 
likely now resulting in more complex interactions among ʻiliahi and hosts. This provides an opportunity 
to scale up our research to a forest community structure level (FCS) to explore the balance of 
competition, facilitation, and parasitism. This study is investigating the relationship between FCS and the 
growth of ʻiliahi and host. The original planting design was reorganized into several 20 x 20 m plots. 
Survival and growth in height and diameter were used to evaluate ʻiliahi and host. Facilitation and 
parasitism in every plot was quantified using the complementary model, while competition was 
considered as the total basal area of plants. FCS of each plot was assigned to one of three categories 
based ʻiliahi-host ratios: FCS1 (ʻiliahi<host), FCS2 (ʻiliahi=host), and FCS3 (ʻiliahi>host). Survival and 
growth of ʻiliahi were significantly higher in FCS1. Survival and diameter growth of host were also greater 
in FCS1. Differences in FCS also influenced competition, facilitation, and parasitism. These early results 
suggest that the ʻiliahi-host ratio needs to be at least 1:2 to balance facilitation and parasitism. 
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ECOLOGICAL MAPPING TOOLS AND APPROACHES TO SCALE 
FROM STANDS TO LANDSCAPES TO BUILD RESILIENT 

ECOSYSTEMS  
Sarah Anderson, Greg Nowacki, Andy Casillas, Trevor Hobbs, Joanne Baggs, and Andy Colter 

Sarah Anderson is an ecologist, U.S. Department of Agriculture, Forest Service, National Forest System, 
Washington Office, 201 14th Street SW, Washington, DC 20224, sarah.m.anderson@usda.gov. 

Greg Nowacki is the Regional Ecosystem Mapping Leader, U.S. Department of Agriculture, Forest Service, 
National Forest System, Region 9, SDA Forest Service, NFS Region 9, 626 E. Wisconsin Avenue, 
Milwaukee, WI 53202, gregory.nowacki@usda.gov. 

Andy Casillas is the Regional Soil Scientist, U.S. Department of Agriculture, Forest Service, National Forest 
System, Region 3, mark.casillas@usda.gov.  

Trevor Hobbs is a Forest Soil Scientist, U.S. Department of Agriculture, Forest Service, National Forest 
System, Huron-Manistee National Forest, trevor.hobbs@usda.gov. 

Joanne Baggs the National Landscape Ecology Program Leader, U.S. Department of Agriculture, Forest 
Service, National Forest System, Washington Office, 1720 Peachtree Road, Atlanta, GA 30309, 
joanne.baggs@usda.gov.   

Andy Colter is the National Soils Program Leader, U.S. Department of Agriculture, Forest Service, 
National Forest System, Washington Office, 201 14th Street SW, Washington, DC 20224, 
robert.colter@usda.gov.  

 

ABSTRACT—Ecological mapping can support management actions at a variety of scales. Terrestrial 
Ecological Unit Inventory (TEUI) is the USDA Forest Service’s system to classify ecological types or natural 
communities and to map ecological units at different spatial scales based on the National Hierarchical 
Framework of Ecological Units. The National Hierarchy provides a framework of nested units to describe 
ecosystems from the continental and regional scales to landscape scales and local sites. Ecological units 
provide a spatial context to understand ecological processes, disturbance regimes, patterns of 
vegetation, soils, terrain, and productivity. Different ecological types with similar capabilities can have 
similar potential for management. The panel will comprise a series of presentations introducing the 
participants to the National Hierarchy and Terrestrial Ecological Unit Inventory to inform management 
actions followed by open discussion.  Presentations will provide examples of tools and approaches from 
landscape-level analysis to site specific treatments that use ecological mapping:    

• Overview of the National Hierarchy and on-going revisions to improve mapping at broader scales 
• Application of mid-level units using Terrestrial Condition Assessment to evaluate outcomes from 

management actions 
• Moving from mid to fine scales in forest and project planning  
• Using fine scale mapping to inform silviculture treatments and management implementation  
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INTRODUCTION 
Recognizing ecological potential is critical to managing ecosystems in sustainable ways that meet 
management objectives while achieving desired benefits and services. Ecological potential is determined 
by a suite of physical and biological characteristics and variables including climate, geology, lithology, 
geomorphology, topography, soils, and vegetation both potential and existing (Cleland et al. 1997). 
Delineating along these various factors provides a way to differentiate across variation and characterize 
areas into coherent ecosystems aligned with the inherent capability and potentials for management of 
the landscape. Hierarchical ecological land classifications provide methods and criteria to map and 
delineate across spatial scales from global to local, and the National Hierarchical Framework of Ecological 
Units (NHFEU) is the designated framework in Forest Service guidance (Forest Service Manual 2060) 
because of its unique scope spanning from global to local spatial scales. The panel is designed to 
introduce attendees to the NHFEU and demonstrate how different levels of the NHFEU can inform 
landscape assessments, project planning, and implementation of silvicultural treatments.  

The broadest scales of the hierarchy are determined by climate with ever increasing roles of geology, 
geomorphology, lithology, topography, landform, and soils at subsequently finer spatial scales (Table 1). 
Biology, then, interacts across scales with these abiotic components to ultimately determine the 
potential natural vegetation (PNV). Framing ecosystem management around the drivers and 
determinants of ecosystems is critical to selecting sustainable management alternatives, understanding 
ecosystem response to management and other stressors, and even determining mitigation and 
adaptation options in the face of climate change.  

Table 1. The eight levels of the National Hierarchical Framework of Ecological Units characterized by their 
spatial scales (levels) and appropriate management applications with descriptions of the principal 
criteria for distinguishing different types of map units and their general polygon size.  

 

Principle Map Unit Design Criteria
General

Polygon SizeEcological Unit
Forest Service
Applications

Spatial
levels

Broad climatic zones or groups1,000,000s
mi2

DomainGlobal

Regional climatic types, Vegetational
affinities (e.g., forest, prairie)

100,000s mi2DivisionStrategic inventory (FIA),
National Assessments (RPA)

National

Climatic subzones, Soil orders,
Dominant potential natural variation
(e.g., tundra, broadleaf forest)

10,000s mi2Province

Geomorphic processes, Geologic age,
Lithology, Topography, Drainage
networks, Subregional climate

1,000s mi2SectionBioregional assessments,
Conservation strategies

Broad

Surficial geology, Lithology,
Geomorphic process, Soil groups,
Potential natural vegetation

100s mi2Subsection

Topography, Surficial geology, Potential
natural vegetation, Soil complexes

10,000s
acres

Landtype
Association

Forest planning and
monitoring

Mid

Soils, Landform (e.g., relief, drainage,
dissection), Rock type, Geomorphic
process, Plant associations

100s to
1000s acres

LandtypeProject planning,
Implementation of land
management treatments

Base

Topographic criteria (slope, aspect,
position), Soil-plant association

<100 acresLandtype Phase
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Improvements at the broad level: Subsections  

The NHFEU was described over 30 years ago, has been part of FS guidance for nearly 25 years, yet now is 
a particularly exciting time in ecological mapping with advances in computing, image-based 
segmentation, and the availability of consistent data at finer spatial scales. Because of the continued 
advances, map revisions and refinements are needed, especially at mid-levels of the Hierarchy which are 
capturing smaller-scale variation (relative to the national scale) but are still too large to enable extensive 
field sampling across multiple units. Thus, the panel will begin with an overview of the NHFEU and 
efforts to improve the broader scales by leveraging improved capabilities to revise the national 
subsection map which improves the broader scale units because the framework’s nested structure.  

Assessing ecological conditions at the mid-level: Landtype associations 

The panel will continue with various applications of finer scale ecological units. The Terrestrial Condition 
Assessment (TCA) provides a mid-level assessment of ecological conditions across National Forest System 
lands by using landtype associations as analysis units. The model’s 12 indicators of ecological integrity 
are supported by 30 metrics derived from nationally consistent datasets. Annually, the TCA is updated to 
support an agency-wide key performance indicator (KPI) that determines the percent of landscapes 
where management occurred that are improved, maintained, or recovering. The KPI uses the modelled 
conditions as a baseline and then evaluates management activities to estimate their ecological effect.  

Informing planning and implementation at the base level: Landtypes, Landtype phases 

The base level ecological units (i.e., landtypes and landtype phases) provide information most relevant 
for project planning and implementation and make up the Terrestrial Ecological Unit Inventory (TEUI), 
along with landtype associations (Winthers et al. 2005). The fine spatial scale units provide detailed 
information about soils, vegetation, and their interactions. Delineating on these factors informs our 
understanding of site productivity, potential wildlife habitat, and wetlands. These interpretations also 
help guide management for timber harvest, road construction, reforestation, and other activities.  

 
Figure 1. The Global (Domain), National (Division, Province), and Broad (Sections, Subsections) scales of 
the National Hierarchical Framework of Ecological Units. A national team reviewed, revised, and updated 
these ecological units in the eastern United States, with work still ongoing to update units in the western 
United States. The domain line (black) separates eastern and western phases of this update.  

West East
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SHADED FUEL BREAKS AND INNOVATIVE SILVICULTURE 
Tony Bertel, Olivia Roe, and Jacob Baker 

Tony Bertel is a District Silviculturist, U.S. Department of Agriculture, Forest Service, Deschutes National 
Forest, Bend-Fort Rock Ranger District, 63095 Deschutes Market Road, Bend, OR 97701 

Olivia Roe is a District Silviculturist, U.S. Department of Agriculture, Forest Service, Sierra National Forest, 
High Sierra Ranger District, 29688 Auberry Road, Prather, CA 93651 

Jacob Baker is a District Silviculturist, U.S. Department of Agriculture, Forest Service, Stanislaus National 
Forest, Mi-Wok & Summit Ranger Districts, 24695 Highway 108, Mi-Wuk Village, CA 95346 

 

ABSTRACT—Shaded fuel breaks are being strategically planned across fire-prone landscapes throughout 
the western United States. They are also being constructed during wildfire operations more and more 
with an increase in fire frequency and size since 1950 (Weber and Yadav 2020). This panel discussion will 
focus on how land managers have used innovative silviculture with shaded fuel breaks to foster resilient 
stands and landscapes. Details will be shared covering how work was completed within spotted owl 
nesting, roosting, and foraging habitat, on a National Scenic Byway, and within developed recreation 
sites. We will cover considerations such as logging systems, heavy equipment, interagency cooperation, 
Potential Operational Delineations (PODs), and incorporating shaded fuel breaks within large landscape 
vegetation management projects.  

 

LITERATURE CITED 
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2019). Remote Sensing. 12(18): 2959.  
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WATERSHED RESPONSE TO SILVICULTURAL PRESCRIPTIONS 
FOR LONGLEAF PINE RESTORATION IN THE SOUTHERN 

ATLANTIC COASTAL PLAIN. 
H. Fillingim, A. Gaskins, C.C. Trettin 

Hope Fillingim is a forester on the Santee Experimental Forest, Center for Forest Watershed Research, 
Southern Research Station, USDA Forest Service, Cordesville, SC, hope.fillingim@usda.gov 

Alton Gaskins is the District Silviculturist on the Francis Marion National Forest, Region 8, USDA Forest 
Service 

Carl Trettin is the acting project leader for the Center for Forest Watershed Research, Southern Research 
Station, USDA Forest Service 

 

ABSTRACT—Throughout the southeastern U.S., there is interest in restoring longleaf pine (Pinus 
palustris) ecosystems, both for their unique habitats and their high water-use efficiency. This 
presentation will describe an ongoing restoration effort on the Santee Experimental Forest in SC. The 
Longleaf pine restoration area is a 155ha former loblolly pine plantation and is part of a paired 
watershed experiment comparing hydrological responses between the longleaf pine conversion 
watershed and a 160ha old growth mixed hardwood pine forest naturally regenerating after damage 
caused by hurricane Hugo. Three silvicultural prescriptions were developed based on stakeholder input 
to convert the stands in the treatment watershed from loblolly pine to longleaf pine.  These treatments 
were designed to be both operationally practical and consistent with multiple management objectives 
common in both public and private lands. They include a “regeneration” treatment similar to a clear-cut 
with reserves, a group selection treatment, and a thinning treatment. The harvesting was conducted in 
2020-2021 under the agency’s Good Neighbor Authority in collaboration with the South Carolina 
Forestry Commission; herbicide site-preparation was conducted on the regeneration treatment and 
prescribed fire was used pre- and post-harvest across the treatment watershed. Longleaf pine seedlings 
were planted in the regeneration and group opening treatments in March 2023, and a subset of these 
seedlings will be monitored throughout the study.  All silvicultural treatments resulted in a reduction in 
stand density, while remaining trees increased in both diameter and height. A prescribed fire in February 
2024 provided the opportunity to evaluate seedling survival across treatments.  
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INCREASING POST-WILDFIRE PLANTED SEEDLING 
SURVIVAL: FROM EXPERIMENTAL PLANTINGS TO 

REFORESTATION PLANNING 
Dr. Christopher Marsh and Professor Matthew Hurteau 

Christopher Marsh is a Research Assistant Professor, the University of New Mexico, Department of 
Biology, Albuquerque, NM, 87106, chmarsh@unm.edu 

Matthew Hurteau is a Professor, the University of New Mexico, Department of Biology, Albuquerque, 
NM, 87106 

 

ABSTRACT—Across the southwestern United States, high-severity wildfire is resulting in increasingly 
large areas of tree mortality, removing the seed sources required for natural regeneration of historically 
conifer-dominated landscapes. Planting tree seedlings can assist and accelerate reforestation, but the 
survival rate of planted conifer seedlings is typically low (~25%) in the semi-arid Southwest. Our research 
examines how post-fire planting success is influenced by climatic, microclimatic, topographic, and biotic 
factors. Using data from multiple seedling planting experiments across northern New Mexico which 
combined seedling survival and growth monitoring with remote sensing, drone, climate, and 
microclimate data, we determined which factors ultimately influence seedling survival and growth in 
high severity burn patches. Our results show reforestation success is largely determined by 
microclimatic refugia formed by both topographic variation and existing vegetation. Using our 
experimental data combined with a machine learning approach, we created a probabilistic index of 
seedling survival, a fine-scale map of the most suitable reforestation sites, allowing efficient forest 
restoration planning. Our findings suggest that directed selection of planting sites within a landscape, 
and simple microsite selection by tree planters, could provide a significant boost to the efficacy of 
reforestation efforts. 
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WHAT FACTORS INFLUENCE THE PERFORMANCE OF TREE 
SEEDLINGS PLANTED AFTER WILDFIRE IN COLORADO 

MONTANE FORESTS?  
Paula J. Fornwalt 

Paula J. Fornwalt is a research ecologist, U.S. Department of Agriculture, Forest Service, Rocky Mountain 
Research Station, 240 West Prospect Road, Fort Collins, CO 80526, paula.fornwalt@usda.gov.   

 

ABSTRACT—Severe wildfires are killing trees across large swaths of montane forest in the western US 
and inhibiting natural recovery processes due to a lack of seed sources. Tree planting is a silvicultural 
activity that can bolster forest recovery after severe wildfires. However, there is some uncertainty as to 
what factors influence planted seedling survival across the landscape.  We gathered one growing season 
survival data that had been collected for >5,000 seedlings distributed across nine wildfires and four 
National Forests in Colorado. Survival after one growing season averaged ~80% across all sampling units, 
but ranged from 0 to 100%. Survival was greater for ponderosa pine than for Douglas-fir. It was also 
greater at cooler and wetter sites and in warmer and wetter years, suggesting that a warm, wet year at 
an otherwise cool, wet site might provide the optimal climatic niche for seedling survival. Additionally, 
survival was greater when the seed lot used to grow the seedlings came from a site that was lower in 
elevation than the planting site, suggesting that seed transfer guidelines that encourage some degree of 
seed movement upslope may enhance survival under current climatic conditions, and likely under future 
conditions as well.  
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THE NEWLY EXPANDED REFORESTATION, NURSERIES, & 
GENETIC RESOURCES TEAM: AN OVERVIEW 

Nabil Khadduri 

Nabil Khadduri is the western nursery specialist, U.S. Department of Agriculture, Forest Service, PNW 
Research Station, Olympia Forestry Sciences Lab 3625 93rd Ave. SW Olympia, WA 98512, 
nabil.khadduri@usda.gov.  

 

ABSTRACT—The Forest Service’s national Reforestation, Nurseries, & Genetic Resources (RNGR) Team is 
a unique and innovative collaboration across all three Deputy Chief Areas. The Team develops and 
delivers natural resource expertise used by the Agency and external partners to improve plant materials 
critical for reforestation and restoration activities nationally and internationally. Since the early 2000s, in 
a typical year, the Team organizes two regional nursery conferences, a specialty conference, the 
Intertribal Nursery Council meeting, and three training workshops; delivers 40 presentations to a variety 
of conferences, meetings, workshops, and university classes; publishes 15 scientific articles (half are 
refereed research) and two issues of Tree Planters’ Notes (an international applied journal focused on 
plant production and establishment); visits dozens of forest and conservation nurseries; and maintains 
the Native Plant Propagation Protocol Database (3000 searchable protocols) and the RNGR website (a 
repository of articles—more than 15,000—pertaining to reforestation, restoration, and native plant 
production; accessed more than 35,000 times per year with more than 70,000 downloads). This year the 
Team added a tropical nursery specialist, an urban nursery specialist, and a nursery pest specialist. 
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MODELING HARDWOOD REGENERATION AND RESTORATION 
POTENTIAL ACROSS THE EASTERN HARDWOOD FOREST  

Margaret Woodbridge, Bernard Isaacson, Tara Keyser, Chris Oswalt, Ty Wilson, Callie Schweitzer, and 
Stacy Clark 

Margaret Woodbridge is a research ecologist, U.S. Department of Agriculture, Forest Service, Southern 
Research Station, 1577 Brevard Rd, Asheville, NC 28806, margaret.woodbridge@usda.gov. 

Bernard Isaacson is a research ecologist, U.S. Department of Agriculture, Forest Service, Southern 
Research Station, Forest Inventory & Analysis. 

Tara Keyser is the Center Director, USDA Forest Service, Southern Research Station, 200 W.T. Weaver 
Blvd, Asheville, NC 28804. 

Chris Oswalt is a Research Forester, USDA Forest Service, Southern Research Station, Forest Inventory & 
Analysis, 4700 Old Kingston Pike, Knoxville, TN 37922. 

Ty Wilson is a Research Forester, USDA Forest Service, Northern Research Station, Forest Inventory & 
Analysis, 1992 Folwell Avenue, Saint Paul, MN 55108. 

Callie Schweitzer is a Research Forester, USDA Forest Service, Southern Research Station, 730D Cook 
Avenue, Huntsville, AL 35801. 

Stacy Clark is a Research Forester, USDA Forest Service, Southern Research Station, 2505 E. J. Chapman 
Drive, Rm 427 Plant Biotech Bldg., Knoxville, TN 37996-4563. 

 

ABSTRACT—The majority of forestland in the Central Hardwood Region (CHR) in the eastern US is 
comprised of hardwood-dominated forest types, mainly upland oak and oak/pine. Given widespread 
disturbance throughout the eastern US in the late 19th/early 20th centuries, today’s forests are relatively 
uniform in stand structure and age, making regeneration harvests targeting specific outcomes, including 
goals associated with diversity, restoration, wildlife habitat, and resilience, timely.  

In upland hardwood forests of the CHR, many species are advance growth dependent. Their ability to 
compete following canopy disturbance is related to the abundance and size of existing understory 
regeneration as well as the sprouting potential of trees. When canopy disturbances occur in areas 
without advance reproduction of desirable species, composition at stand closure often doesn’t meet 
management objectives. Hence, direct or modeled prior knowledge of the existing regeneration pool is 
indispensable for managers. 

We combined existing silvicultural and FIA data to model seedling size distributions across the central 
hardwood region to expand the geographic applicability of REGEN3, a stand-scale silvicultural decision-
support tool for predicting the regeneration outcomes from management.  We used silvicultural, 
environmental, and structural forest attributes to predict the species distribution of stems at crown 
closure. We observed diverse regeneration conditions along complex environmental gradients 
interacting with competitive dynamics. In this presentation, we will outline the important environmental 
and stand conditions driving the variation in regeneration pools. This underlines the importance of well-
informed decision-support tools that address forest attributes pertinent to regeneration in central 
hardwood landscapes. 
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NINE-YEAR PERFORMANCE OF PLANTATION AND 
AGROFORESTRY PRACTICES ON GROWTH AND SURVIVAL 

OF LOBLOLLY PINE CLONES 
Shaik M. Hossain and Kozma Naka  

Shaik M. Hossain is an Assistant Professor of Forestry, Alabama A&M University, Forestry, Ecology and 
Wildlife Program, Department of NRES, Normal, AL 35762. 

Kozma Naka is an Associate Professor of Forest Operations and Measurements, Alabama A&M 
University, Forestry, Ecology and Wildlife Program, Department of NRES, Normal, AL 35762. 

 
ABSTRACT—One of the priorities of the southeastern forest industry has been the cultivation of high-
yielding loblolly pine varieties through cloning, rendering them economically viable in the face of climate 
change. However, there remains a need for a deeper understanding of how these pine clones respond 

to different silvicultural practices. We assessed and compared the survival and growth of two genetically 

improved loblolly pine clones, Q3802-43 (Clone 1) and L3519-41 (Clone 2), which were planted in two 

silvicultural settings, agroforestry and plantation, in a northern Alabama site. Clone 1 exhibited a slightly 

higher survival rate compared to Clone 2 (86% vs. 83%). However, Clone 2 outperformed Clone 1 in 

volume yield per tree, with an impressive 0.10 m³ vs. 0.09 m³. Interestingly, regardless of the specific 

clones, agroforestry demonstrated a superior survival rate to plantation (88% vs. 73%). Conversely, 

regarding volume yield per tree, plantation surpassed agroforestry, achieving 0.11 m³ vs. 0.09 m³. Even 

though agroforestry would be the preferable choice for our region if survival is the primary selection 

criterion, if one prioritizes wood production, then the plantation emerges as the more advantageous 

option. The higher average tree volume in plantation setting has the potential to offset the slightly lower 

survival rate, highlighting its adaptability in the face of changing environmental conditions.  
 
Agroforestry is a climate-smart production farming system that provides a myriad of benefits, including 
timber and agriculture production, recreation, hunting, and numerous ecosystem services (Quandt et al., 
2023; Lasco et al., 2014). Agroforestry practices in North America include silvopasture, in which grazing 
livestock and foraging crops are incorporated into plantations to sustain economic benefits (USDA, 1997). 
Monoculture plantations with southern pines have been a common practice (Nebeker et al., 2015), with 
loblolly pine (Pinus taeda L.) being a favorite tree species in the South (Nyakatawa et al., 2012), especially 
high-yielding loblolly pine varieties (Stelzer et al., 1998). These pine clones have shown promise in 
improving growth and survival in the face of climate change.  

Yet, few landowners in the South have chosen agroforestry as a viable land use option mainly because 
there is a dearth of science-based information on this production method. For example, information on 
how pine clones respond to different silvicultural practices remains elusive. Further, appropriate site and 
environmental conditions are necessary to maximize the benefits of agroforestry practices. Even clones 
of the same species may show varying sensitivity to environmental conditions (Sharma et al., 2013; 
McKeand et al., 2003). While most existing studies have investigated the performance of species and 
clones of understory crops (Gao et al., 2013; Grass et al., 2020), information on wood production in 
agroforestry systems is few and far between (Barlow et al., 2016). Experimental demonstrations can 
provide landowners with appropriate scientific knowledge so they can make informed decisions to 
maximize farm profits through timber production in agroforestry systems (Reiche, 1992). This study aimed 
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to evaluate the performance of forest industry-rated clones of loblolly pine in two distinct silvicultural 
settings. In particular, we assessed and compared the survival and growth of two genetically improved 
loblolly pine clones, Q3802-43 (Clone 1) and L3519-41 (Clone 2), in agroforestry and plantation settings.     

The study was conducted at Alabama A&M University’s Winfred Thomas Agricultural Research Station in 
Hazel Green, Alabama, USA. 1‐0 bare root seedlings of the two loblolly pine clones, developed by CellFor 
Inc., were planted in two spacing arrangements: plantation pattern (3.0 m x 3.7 m, with 3.0 m between 
rows and 3.7 m between seedlings within a row) and agroforestry pattern (two rows at 3.0 m x 3.7 m, 
alternating with 12.2 m wide alleys between the double rows). A randomized block design was employed 
with three replications of the agroforestry spacing and two replications of the plantation spacing for each 
clone within three blocks (Fig. 1). This design resulted in 10 rows per replication in agroforestry and 14 
rows per replication in plantation. A total of 2112 seedlings were planted in the three blocks. DBH was 
measured for all live trees after nine growing seasons. Total tree height was measured, and the live crown 
ratio was calculated for a subset of the trees (about 12% of all live trees) by stratified random sampling. 

 
Fig. 1. Experimental design layout (not to scale). 

Clone 1 exhibited a slightly higher overall survival rate compared to Clone 2 (86% vs. 83%). However, Clone 

2 outperformed Clone 1 in volume yield per tree, with an impressive 0.10 m³ vs. 0.09 m³. Interestingly, 

regardless of the specific clones, agroforestry demonstrated a superior survival rate to plantation (88% 

vs. 73%). Conversely, regarding volume yield per tree, plantation surpassed agroforestry, achieving 0.11 

m³ compared to 0.09 m³. In light of these findings, it becomes apparent that agroforestry is the preferable 
choice for our region and in similar site conditions if survival is the primary selection criterion. However, 

if one prioritizes wood production and considers the potential resilience of the plantation practice in the 

context of climate change, then plantation emerges as the more advantageous option. The higher average 
tree volume in the plantation has the potential to offset the slightly lower survival rate, highlighting its 
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adaptability and resiliency in the face of changing climatic conditions. As additional information on relative 
improvements in stand productivity (timber and non-timber) becomes available over time, we will be in 

a better position to assess the climate resiliency of the two planting patterns in our region.  
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USFS AND WA DNR COLLABORATION IN TREE SEED 
ORCHARD RESTORATION 

Jeff DeBell 

Jeff DeBell, is a forest geneticist, Washington State Department of Natural Resources, P.O. Box 47017, 

Olympia, WA 98504, jeff.debell@dnr.wa.gov 

 

Abstract—In recent years, there has been growing recognition of the need to increase capacity to meet 

reforestation needs following large disturbance events.  The first step toward building this capacity is 

securing an adequate seed supply.  On National Forests in Region 6, there is a system of 90 seed orchard 

sites that contain production blocks representing over 300 populations – combinations of species, seed 

zone and elevation band.  However, since the late 1990s, most of these orchards have received little 
maintenance, and some have been damaged by fire.  Planned thinnings did not occur, resulting in 

continuous crown contact that makes trees more vulnerable to fire loss, and creating poor conditions for 

cone production.  In recent years, geneticists and silviculturists from Washington Department of Natural 
Resources (DNR) and Forest Service Region 6 have been collaborating to restore these seed orchards to a 

condition that is less vulnerable to fire loss and more conducive to cone production.  The Washington 
State Legislature has provided funding to Washington DNR to support that work.  We are in the process 

of getting updated orchard inventories, developing thinning plans, and contracting the heavy work of 

orchard restoration. As the seed orchards are restored to more favorable conditions, we plan to work 

together to manage cone crops, helping to ensure that both organizations have an adequate seed supply 

to meet their needs. 
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USING CLIMATE-SMART SEED SOURCING TO HELP FILL THE 
SW OR REFORESTATION BACKLOG 

Bryan Reatini 

Bryan Reatini, Area Geneticist, U.S. Department of Agriculture, Forest Service, Umpqua National Forest, 
777 NW Garden Valley Blvd, Roseburg, OR 97471, bryan.reatini@usda.gov 

 

ABSTRACT—Southwestern Oregon has experienced a disproportionate number of high severity wildfires 
in recent years due to prolonged hot drought, leading to the National Forests in that area carrying most 
of the reforestation backlog in the Pacific Northwest. As these forests become increasingly arid due to 
climate change, it is becoming necessary to look beyond the limits of breeding zones for the purposes of 
finding seed for reforestation. Tools like the Seedlot Selection Tool (SST) can be used to accomplish this 
goal on a case my case basis, but large-scale analyses using the SST can be prohibitively time consuming. 
Here I present the Seedlot Explorer for Extrazonal Deployment (SEED), an extension of the Seedlot 
Selection Tool that allows the user to quickly find the best climate matched seed available within the 
seed inventory for any planting site of interest in the Pacific Northwest. To date, SEED has been used to 
rapidly fill a large portion of the reforestation backlog in Southwestern Oregon and has enabled several 
region-wide climate matching analyses including an orchard prioritization analyses included in the 
Region 6 Reforestation Implementation Strategy, an assessment of maladaptation rates by zone and 
forest across the region, and an assessment of the suitability of off-forest collection areas for on-forest 
reforestation efforts. 
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A PRIMER ON VARIABLE-DENSITY THINNING 
Constance A. Harrington and Leslie C. Brodie 

Constance A. Harrington is an emeritus research forester, U.S. Department of Agriculture, Forest Service 

Pacific Northwest Research Station, Olympia, WA 98512, constance.harrington@usda.gov. 

Leslie C. Brodie is a retired forester, U.S. Department of Agriculture, Forest Service Pacific Northwest 

Research Station, Olympia, WA 98512 

ABSTRACT--Thinning is the removal of some trees in a stand to allocate growing space to other plants. 

Often the biological intent is to benefit the remaining trees, but it could be to benefit understory plants 

or other resources. Traditionally most thinning has been applied in a uniform manner to give the 
remaining trees similar amounts of growing space. It often results in maximum utilization of growing 

space for trees. Non-uniform thinning (e.g., variable-density thinning) is designed to increase growth of 

trees in portions of the stand but also allocate areas for wildlife habitat or biodiversity.  Uniform thinning 

can be described is many ways such as specifying the percentage of trees to be removed, the spacing of 

remaining trees (e.g., thin to 20 ft), the basal area of the resulting stand (e.g., thin to 150 sq ft/ac), or 

other measure such as relative density.  Prescriptions usually also include mention of priority tree 

species to cut or retain. Variable-density thinning may also include three general components: no 
thinned areas (also called skips), gaps, and a thinned matrix.  The purpose of skips is to protect snags, 

understory plants or other special features as these areas are usually also no entry areas for equipment; 

skips also retain portions of the stand with higher density that will promote mortality.  Gaps are designed 

to benefit understory plants and to encourage tree growth and crown development on retained trees 

and trees on gap edges. They can be designed to favor tree species retained in gaps (increase diversity). 
The matrix usually receives a general thinning to increase tree growth; this can be applied uniformly or 

varied to meet objectives. Variable-density thinning requires some additional information such as 

specifying the number and size of gaps, specifying the number and size of skips (% area impacted) and 

indicating if equipment traffic allowed; and specifying how the matrix is to be treated (in the same way 

you would a uniform thinning or implemented in a more complex fashion depending on species diversity 
and objective).  Prescriptions of VDT may also specify the distance between the stand components (such 

as keeping gaps from being immediately adjacent to skips). The components of a VDT will NOT BE THE 

SAME in each unit -- one unit might have uniform thinning with a few gaps while another unit might 

have uniform thinning with a few skips and other units will have skips and gaps but in varying number 

and sizes.   Gaps can be specified in many ways. See Brodie and Harrington 2022 for more information on 

laying out skips and gaps.  

Gaps are an especially important component of VDT as they bring additional light into portions of the 

stand.  This can increase crown retention (Willis 2018) as well as tree growth on residual trees in the 

gaps and on trees surrounding the gaps (Roberts and Harrington 2008, Willis et al. 2018). Growth can 

also be increased in midstory trees, especially if they are vigorous at the time of thinning (Comfort et al. 

2010). In addition, although the purpose of thinning is not to promote tree regeneration, VDT may 
increase the number and growth of tree regeneration, especially in gaps (Willis et al. 2021).  In several 

sites on the Olympic Peninsula in Washington State, both native and non-native plants increased in cover 

shortly after thinning but after 16 years the increase in cover for non-native species was minimal (Bekris 

et al. 2021).  Although windthrow can increase after thinning, VDT does not generally increase 
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windthrow if the gaps are narrower than mean tree height in the surrounding stand (Roberts et al. 

2007). It takes more effort to prescribe a VDT, but many benefits may ensue.   
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COMPARING THE TREE SPATIAL PATTERNS AND SUBSEQUENT 
GROWTH DERIVED FROM VARIOUS TREATMENTS IN BLACK 

HILLS PONDEROSA PINE FORESTS 
Mike A. Battaglia, Wade T. Tinkham, Lance Asherin, Terrie Jain 

Mike Battaglia is a research forester, U.S. Department of Agriculture, Forest Service, Rocky Mountain 
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Wade T. Tinkham is a research forester, U.S. Department of Agriculture, Forest Service, Rocky Mountain 
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ABSTRACT— Ponderosa pine (Pinus ponderosa) forests are a dominant ecosystem across the Western 
United States.  Historically, this ecosystem experienced frequent fire that created and maintained a 
mosaic of diverse forest structures across the landscape.  However, a century of fire exclusion and 
harvesting has increased the tree density and canopy cover of these open woodland forests and 
increased the prevalence of undesirable outcomes during contemporary wildfires.  For over 50 years, 
ponderosa pine forests in the Black Hills of South Dakota, USA have been managed as even-aged 
shelterwood systems resulting in homogeneous forest structures.  In an attempt to develop multi-aged, 
spatially horizontal and vertical heterogeneous forest structures, we implemented a range of mechanical 
thinning treatments.  Overstory thinning treatments ranged focused on an irregular selection system 
that attempted to create tree groups, individual trees, and treeless openings.  To enhance vertical 
heterogeneity, advanced regeneration was thinned based on two different approaches.  The first 
approach thinned the advanced regeneration to a 4 x 4 m spacing, ignoring the overstory trees.  The 
second approach included the overstory trees in the 4 x 4 m spacing for thinning the advanced 
regeneration.  This presentation will demonstrate the differences in resulting horizontal and vertical 
structure of these treatments, their impacts on growth and volume accrual, and provide future research 
directions. 

  

 

 

 

 

 

  

Return to Table of Contents 



National Silviculture Workshop, Tacoma, WA, July 16-18, 2024 

75 

THE USE OF THINNING AND PRESCRIBED FIRE TO ADVANCE 
THE DEVELOPMENT OF MATURE FOREST CHARACTERISTICS 

IN THE SOUTHERN CASCADES, CALIFORNIA 
Christopher E. Looney and Martin W. Ritchie 

Christopher E. Looney is a Research Forester, U.S. Department of Agriculture, Forest Service, Pacific 
Southwest Research Station, 3644 Avtech Parkway, Redding, CA 96002; christopher.looney@usda.gov  

Martin W. Ritchie is a Research Forester, U.S. Department of Agriculture, Forest Service, Pacific 
Southwest Research Station,  3644 Avtech Parkway, Redding, CA 96002; martin.ritchie@usda.gov 

 

ABSTRACT-Fuels reduction projects offer the opportunity to restore mature and old-growth forest 
structures. However, these restoration treatments need critical evaluation to see if they achieved their 
goals. We revisited the Goosenest Adaptive Management Area, a 20-year designed experiment into 
alternative fuels reduction treatments for fuels reduction and promoting mature/old-growth forest 
characteristics. Group selection treatments emphasizing pine, particularly in combination with 
prescribed fire, were the most effective at promoting structural complexity and restoring ponderosa 
pine. Pairing group selection with prescribed fire also proved the most durable fuels reduction 
alternative. By comparison, thinning from below to an even spacing without fire simplified structure and 
did not restore pine. Treatments also promoted distinctly different understory shrub communities, with 
potential implications for fire behavior. 

 

INTRODUCTION 
In fire-dependent western U.S. forests, historical fire exclusion and forest management practices have 
created widespread conditions of hazardous fuels along with the loss of mature and old-growth forests. 
Managing for reduced fire risk presents an opportunity to simultaneously restore historical ecosystem 
conditions and processes. In 1999, a study was established at the Goosenest Adaptive Management Area 
(AMA) of Klamath National Forest in support of the Northwest Forest Plan (Ritchie and Harcksen 2005). 
This experiment evaluated management alternatives for reducing fuels while accelerating the 
development of mature/old-growth forest characteristics in ponderosa pine (Pinus ponderosa)/white fir 
(Abies concolor) mixed-conifer forests. Based on 20-year results, our objectives were to evaluate how 
treatments influenced the development of mature stand characteristics in terms of 1) structure, 
composition, and complexity, and 2) large tree recruitment and snag populations, and 3) regeneration-
layer vegetation communities. 

METHODS 
The Goosenest AMA study is a completely randomized design with 3 treatments and a control replicated 
5 times each across 20 x 100-acre units. In addition to (1) an untreated Control, treatments consist of (2) 
a Big Tree treatment using thinning from below to retain of large trees of any species, (3) a Pine 
Emphasis treatment combining thinning from below with planted group selections to promote pine 
dominance and structural complexity, and (4) a Pine Emphasis with Fire treatment with post-thinning 
prescribed burns added (Ritchie 2005). Harvesting was completed around 1999. Prescribed burns in the 
Pine Emphasis treatment occurred in the fall of 2001 and 2010. Monitoring took place on a grid of 
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permanent points at 100 meter spacing. A nested circular plot design was used to monitor sawtimber 
(DBH ≥ 11.4 in) and pole-sized (3.5 in ≤ DBH ≤ 11.5 in) trees on 0.2 and 0.05 ac plots, respectively. 
Seedlings (1 ft ≥ height < 4.5 ft) and saplings (height ≥ 4.5 ft and DBH < 3.5 in) were tallied on 0.01 ac 
plots. Shrubs were monitored using the line-intercept method along a 328 ft transect radiating from plot 
center. Measurements were taken 3, 5, 14, and 20 years post-harvest.  

We calculated stand structure metrics based on tree and sapling data. We calculated quadratic mean 
diameter (QMD) and trees acre-1 to evaluate stocking. The standard deviation of within-unit basal area 
provided an indicator of horizontal structural complexity. We followed the procedures of Sheil and May 
(1996) to calculate the proportional annual recruitment rates of ecologically important snags (DBH ≥ 
13.5 in) and large trees (DBH ≥ 24.0). We used generalized linear mixed modeling to analyze stand 
structure responses, total shrub cover, and total tree regeneration density. We summarized seedling, 
sapling, and shrub community data with nonmetric multidimensional scaling ordination. 

RESULTS AND DISCUSSION 
Treatments achieved similar reductions in stand density and increases in QMD relative to the Control 
after 3 years. However, by 20 years post-harvest, treatments besides Pine Emphasis with Fire showed a 
dramatic recovery of trees ac-1 and decline in QMD. Changes in stand structure in the Big Tree and Pine 
Emphasis were driven by sapling recruitment given a lack of substantial overstory mortality. Combining 
prescribed fire with thinning therefore appeared essential to maintaining moderate stocking and large 
mean tree sizes for fire resistance. Treatments altered horizontal structural complexity. The Control had 
the highest structural complexity, followed closely by the Pine Emphasis treatment, with the Pine 
Emphasis with Fire treatment intermediate, and the Big Tree treatment exhibiting simplified structure. 
Variable density thinning in the matrix could help further promote structural complexity in group 
selection systems like the two Pine Emphasis treatments (Kern et al. 2017). The Pine Emphasis with Fire 
treatment met the objective of increasing ponderosa pine dominance relative to the Control or Big Tree 
treatments and did so more quickly than the Pine Emphasis treatment. Treatments did not alter 
recruitment rates of either ecologically valuable snags or large trees. Retaining trees at risk of mortality 
and greater reductions in stand density could promote these two features of mature/old-growth forests. 

Treated stands rapidly developed higher total shrub cover relative to the Control, particularly in the Pine 
Emphasis with Fire treatment. By 20 years post-harvest only the Pine Emphasis with Fire treatment 
maintained lower seeding and sapling densities relative to the Control. Treatments altered regeneration 
layer communities vs. the Control, with each treatment showing a distinctly different recovery trajectory. 
The regeneration layer communities of the Big Tree and Pine Emphasis treatments were initially similar 
post-harvest but diverged in subsequent years, with the Big Tree treatment associated with higher 
abundances of fire-sensitive white fir and Purshia tridentata (antelope bitterbrush). By 20 years post-
harvest, the Pine Emphasis with Fire treatment was associated with Chrysothamnus (rabbitbrush) spp. 
and Ceanothus velutinus (snowbrush). As evidenced by the relative success of the Pine Emphasis with 
Fire treatment at withstanding the Antelope Fire of 2021 (Brodie et al. 2024), lower tree regeneration 
combined with greater cover of relatively less-flammable tree and shrub species may help moderate fire 
behavior and severity.  

CONCLUSIONS 
The use of group selection, particularly in combination with prescribed fire, appeared a viable strategy 
for restoring the overstory composition, structure, and stand densities of historical mature and old-
growth ponderosa pine forests. By comparison, thinning from below to an even spacing homogenized 
forest structure and did not promote ponderosa pine. Treatments promoted shrub cover relative to the 
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control, with different treatments promoting different shrub communities, with potential implications for 
fire behavior. Additional measures may be necessary to promote snag or large tree recruitment rates, as 
well as achieve structural complexity more quickly. Combining group selection with prescribed fire 
improved the durability of mechanical treatments for drought, bark beetle, fire resistance. The use of 
prescribed fire would facilitate the longer-term reintroduction of fire as an ecosystem process that was 
critical to the ecosystem health of old-growth ponderosa pine stands. 
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ABSTRACT—In Ireland, Sitka spruce (Picea sitchensis (Bong.) Carr.) comprises 52% of the forest area and 
accounts for approximately 80% of timber production. Most forest stands are managed as plantations 
with rotations of 30-40 years. Recently, concern about the resilience of the forest resource has led to 
increased interest in transforming plantations to continuous cover forestry (CCF). In the study described 
here we investigated transformation pathways by comparing conventional low thinning (LT) with two 
alternative approaches: crown thinning (CT) and graduated density thinning (GDT). Two forest stands 
(planted 1992 and 1995, respectively) were selected, and nine 0.25 ha plots were established at each 
forest in 2010. Up to 160 trees/ha with superior phenotypes were selected in the CT and GDT plots for 
release from competition and to develop independent stability. Thinning interventions proceeded in 
2011, 2014 and 2018. Results indicated that CT and GDT regimes increase stand structural irregularity 
compared with LT, while also promoting individual tree stability in the co-dominant/dominant social 
classes. Residual basal areas in the GDT treatment were 11-17% lower than in the LT and CT treatments 
in each stand (i.e., 36-37 m2/ha versus 41-43 m2/ha). Total volume output was similar across all three 
treatments (185-205 m3/ha), however, a larger proportion of sawlogs were produced in the CT and GDT 
treatments than the LT treatment. This is the first study in early-stage stand transformation to CCF in 
Sitka spruce. Findings are discussed with reference to evidence-based practice and future management 
of Sitka spruce stands in Ireland. 
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ABSTRACT—Moist mixed-conifer forests of the Northern Rockies often contain eight to eleven conifer 
species growing together creating diverse stand composition and structure. The forested landscape is 
currently dominated by late seral species including western hemlock, grand fir, and western redcedar 
due to various management decisions and biotic agents that influenced forests starting in the early 20th 
Century. The most prominent shift was the rapid decline of early seral species, including western white 
pine and western larch. Western white pine once dominated these forests of northern Idaho, but the 
combination of mortality from white pine blister rust, salvage harvesting, and management decisions to 
favor late seral species in planting and tending programs relegated the species to a minor component of 
the landscape (Neuenschwander et al., 1999; Fins et al., 2002). 

A series of permanent forest measurement plots were established in the early 20th century – primarily in 
the 1910s and 1920s – within the western white pine forest type on Priest River and Deception Creek 
Experimental Forests. These plots have been remeasured once per decade on average since 
establishment and offer the opportunity to take a quantitative look at the effect of white pine blister rust 
on forests that were historically dominated by western white pine. We summarized the basal area 
distribution by species at each plot at each measurement year and found a major drop in western white 
pine basal area beginning in the 1960s and accelerating through the 1970s and 1980s and continuing 
through today (Figures 1A and 1B).  

While the loss of western white pine was most apparent in stands with a greater initial white pine 
component, the decline in basal began at approximately the same time (1960s) regardless of initial 
composition (Figure 1C). The loss of western white pine from these forests resulted in either a stagnation 
or decrease in overall basal area (Figure 1D), depending on the initial proportion of white pine in the 
plot. Generally, plots with a higher initial white pine component experienced a drop in overall basal area 
beginning in the 1960s, bottoming out in the late 1990s and early 2000s, and finally showing signs of 
recovery in the 2020s. The nearly 50 year stagnation in growth is an indication of the loss of forest 
productivity and shifts in species composition towards late seral species may have consequences for 
forest carbon stock and other ecosystem services.   
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Figure 1. (A and B): plot basal area by species across measurement years for two of the twenty-
seven active permanent forest measurement plots in this study: 151 and 62; 4-letter species 
codes represent tree species, with PIMO3 representing western white pine. (C): The average 
proportion of plot basal area made up of white pine over time in all plots, split by initial white 
pine abundance. (D): Average plot basal area over time in all plots, with data split based on 
initial white pine abundance. For C and D, lines were fit using local estimation (loess). 

 

Tree improvement efforts began in the 1950s and continue today to select for blister-rust resistance in 
western white pine to help reintroduce the species in the region. The earliest program was started by 
Richard Bingham at what is now the USDA Forest Service Rocky Mountain Research Station, and included 
the Vigor-Quality experiment, which was the first test of various crosses in the F1 population (Bingham, 
1983). Today, progeny from the western white pine breeding program are planted across the northern 
Rocky Mountains. A silvicultural strategy using the free selection silvicultural system to support this 
reestablishment effort was developed by Drs. Russel Graham and Theresa Jain in the early 2000s (Jain et 
al., 2008), and recent remeasurements of these initial implementations are showing positive signs of 
success in terms of white pine establishment and growth. 
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