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9. JUSTIFICATION AND PROBLEM SELECTION

Southern Research Station (SRS) RWU-4157 operates from five locations, conducting most of its
research in the Central Hardwood Region (CHR). The CHR is an extensive, distinctive, and complex area
of upland, predominantly xerophytic hardwood forests in the eastern U. S., centered in Kentucky and
bordered by southern pines in the coastal plains on the south and east, northern hardwoods and conifers of
New England and Lake States on the north, and by prairie woodlands of Missouri and Oklahoma on the
west. Limits of the CHR may be narrowly defined as a landscape of forests currently composed primarily
of Quercus and Carya species. The southern half of the CHR (SRS administrative area) occupies
approximately 143 million acres in the northern half of Arkansas, much of Kentucky, east to the Piedmont
province of Virginia, North and South Carolina, Georgia, Alabama, and Tennessee and west through the
Ouachita Mountains to eastern Oklahoma.

The southern CHR is a distinct area of humid temperate continental climate, with warm to hot summers
and cool to cold winters with well distributed annual precipitation. Mean annual temperature is slightly

higher in the western part of the southern CHR compared to the east (55 °F vs SOOF) and mean annual
precipitation is lower in the west compared to the east (50 inches vs 60 inches). Wildfires and fires set by
Native Americans have shaped forest structure and composition in the CHR for the past 14,000 years.
Wind, wildfire, ice, drought, insect pests, oak decline, floods, landslides, and beaver damming are some
recurring or episodic natural disturbances that kill trees. These disturbances create gradients and mosaics
of structural conditions and canopy openness within stands and across landscapes.

Approximately 100 tree species occur in the southern CHR, but upland forest canopies are generally
dominated by approximately 10 xerophytic species on dry slopes and ridges; on moist sites of lower
slopes and coves a more diverse mesophytic community usually occurs. Since European settlement,
human demographic and land-use changes as well as utilization of forest resources have largely affected
species abundance, and to a lesser extent, stand composition. Additionally, non-native pests and
pathogens have led to dramatic shifts in species distributions, with concurrent loss of ecosystem services
and associated wood or non-timber markets and values. Most notably, oak (Quercus) species are in
decline and species composition is shifting to favor more mesopyhtic species like red maple (Acer
rubrum) and tulip poplar (Liriodendron tulipifera). Red spruce (Picea rubens)/Fraser fir (Abies fraseri)
forests at high elevations in the Blue Ridge Mountains have been reduced significantly from exploitive
logging in the early 1900s, climate change, acid rain, and the exotic balsam wooly adelgid (4delges
piceae), which impacts mature Fraser fir. American chestnut (Castanea dentata) and chinkapins (C.
pumila and C. ozarkensis) were ecologically extirpated by Asian diseases from the mid-1800s to the early
1900s and were largely replaced by oaks and maples. Ash (Fraxinus spp), Carolina (7suga caroliniana)
and eastern hemlock (75uga canadensis), and beech (Fagus grandifolia) are being impacted by exotic
pests but the extent of these varies with site conditions and disease exposure, and the resulting impacts on
upland forests are not yet clear. In addition, the rich fauna of the southern CHR consists of numerous
endemic species and many threatened and endangered species, or species of special concern.
Conservation actions for these species often present special challenges for forest managers. Except for
public lands in the National Park Service system, seven national forests, state parks and forests, and
military bases, most timberlands consist of small tracts in private ownership that are not actively managed
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or managed without the guidance of professional foresters, leaving often degraded conditions.

The southern CHR has a long history of influence and cultivation by Indigenous people followed by
European settlement. Land-use of the 18th, 19th, and early 20th centuries was dominated by widespread
logging, and related wildfires in the late 1800s and early 1900s resulted in even-aged stands (100-125
years old) across much of the forested landscape. One of the greatest issues facing forest managers across
the CHR results from this altered age structure. Because these forests are primarily in the older age
classes with closed canopies, understories consist primarily of shade-tolerant species such as sugar (Acer
saccharum) and red maple (Acer rubrum), American beech (Fagus grandifolia), and blackgum (Nyssa
sylvatica). Without sufficient silvicultural tools to restore structure (e.g., open canopy forests) and
regenerate species desired by managers and the public, such as the ecologically keystone oaks and
hickories, we will lose these valuable forests and their associated ecosystem services (e.g., wildlife
habitat, abundant water). Industrialization, urbanization, land ownership patterns, and increasing human
populations have resulted in a modern landscape of small, fragmented forest stands within a mixture of
agricultural and urbanized areas. Historically fire, especially anthropogenic use of fire, played an
important role in shaping many upland forest ecosystems. Fire suppression policies initiated in the early
20™ century contributed to undesirable changes in the composition and structure of these forests to a more
closed-canopy system. Although research on the importance of fire in CHR ecosystems has been under
study for the past few decades, the use of prescribed fire for regenerating and restoring upland forests as
well as mitigating the effects of wildfire are still areas of much needed long-term dynamic research. The
near-term future of CHR forests was examined in the 2012 Southern Forest Futures Project which
projects that these forests will be likely subjected to increasing fragmentation from urbanization and
changes in tree species composition from increasing periods of drought and impacts from exotic insects.
Increasing demands for recreation and variable markets for conventional and emerging wood products
such as biomass will also influence these forests. In addition, a changing climate will have varying, but
largely unknown, effects on forest species composition, regeneration, productivity, and fire restoration
projects. These changing economic and climatic conditions indicate a critical need for more efficient use
of our resources. New knowledge via research is required to understand how management choices can
provide desirable future conditions while maintaining ecological integrity. Research that examines
emerging and traditional silvicultural and wildlife management practices with an interdisciplinary and
collaborative lens is required. Users of this research are broad and diverse and include the National Forest
System, particularly in Regions 8 and 9; other federal agencies such as the National Park Service, U.S.
Fish and Wildlife Service, Natural Resource Conservation Service; state forestry and wildlife agencies,
universities; non-governmental organizations; and private landowners.

PROBLEM AREA RATIONALE

Definition of Restoration

For the purpose of this document, and as per the strategic plan of the USDA Forest Service, the Forest
Service responds to the many stressors affecting our landscapes and watersheds by sustaining and
restoring healthy, diverse, and productive forests and grasslands. Following the Society of Ecological
Restoration’s definition of restoration as modified by Martin (2017, Restoration Ecology, 25:668-673)
where “Ecological restoration is the process of assisting the recovery of a degraded, damaged, or
destroyed ecosystem to reflect values regarded as inherent in the ecosystem and to provide goods and
services that people value,” our goal is to assist in restoring the ability of America’s forests and grasslands
to deliver key ecosystem processes including the social, economic, and ecological values and benefits that
Americans want and need, both now and for generations to come.



Forest Service Strategic Plan

Our three Problem areas support USDA’s strategic goal of combating climate change and the Forest
Service’s Strategic Goals of sustaining our forests and grasslands, delivering benefits to the public, and
applying knowledge globally. Our research will also contribute to science-based management needed to
sustain resilient forests and grasslands and stabilize forest carbon in the face of climate change
(Secretary’s Memorandum 1077-004, June 23, 2022), the Chief’s plan to confront wildfire (chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.fs.usda.gov/sites/default/files/Confronting-
Wildfire-Crisis.pdf), and the President’s Executive Order 14072 on Sustaining the Nation’s Forests,
Communities, and Local Economies. Our research will also support Section 40804 of the Bipartisan
Infrastructure Law which provides for Ecosystem Restoration, and the Old Growth Initiatives and other
sections of the Inflation Reduction Act. Our work advances knowledge to inform land managers of
National Forests and forest land managers of state and private lands, both domestic and across the globe,
to foster adaptive and resilient ecosystems to mitigate climate change, to use prescribed fire as a
restoration tool, provide abundant clean water, and provide habitat for diverse and viable wildlife
populations. Our work also supports improved land management which by improving forest health,
sustains forests that provide ecosystem services that, in turn, can strengthen communities by producing
products and recreational activities and providing economic rewards.

PROBLEM STATEMENTS

Our three problem areas are closely interrelated. We are addressing them separately to more clearly
describe their contributions to the Unit’s objectives and outcomes.

Problem 1. Improve ability to manage and model southern upland hardwood region forests for an
array of ecosystem services and predict the effects of disturbances, both natural and anthropogenic,
across broad edaphoclimatic gradients to meet restoration and management goals.

Problem 1a. Reconstruct and model historical, current, and future stand dynamic processes, natural
range of variability, and forest health conditions to better predict responses to natural and
anthropogenic disturbances, management, and climate change impacts (e.g., drought) across various
temporal and spatial scales.

Problem 1b. Gain a better understanding of the ecological role of natural and anthropogenic
disturbance, including fire, in oak ecosystems and develop and refine silvicultural techniques to
naturally regenerate and restore functional and healthy upland mixed hardwood/pine forests across
the Central Hardwood Region. When appropriate, develop silvicultural practices that use fire,
harvesting, or simulated natural disturbances at multiple scales to regenerate oaks where they are
desired by society, needed by wildlife, and prescribed by managers. A more complete understanding
of the range of likely outcomes of silvicultural prescriptions that incorporate the complexities of
natural regeneration and the biological, social, and economic restrictions associated with management
of upland mixed-species hardwood dominated forests will help promote conservation of diversity and
enable land managers to better maintain or sustain desired species and ecosystems in upland
hardwood-dominated forests across the landscape and over time. White oak (Q. alba) is of particular
interest due to its importance to wildlife, forest aesthetics, and wood-oriented industries ranging from
cooperage to furniture and cabinetry.



Problem I1c. Develop landscape simulation models and experiments to forecast how forests will
change over large landscapes and long time periods under various management scenarios coupled
with other changes such as climate change, invasive species, carbon and nutrient cycling, and socio-
economic changes.

Problem 2. Improve understanding of wildlife responses to silvicultural and natural disturbances
that affect vegetation composition, habitat structure, food resources, or disease, and develop
effective inventory and monitoring methods to document responses across space and time. This
information will enable land managers to advance conservation and management strategies and practices
for wildlife communities including threatened and endangered species in upland hardwood-dominated
forests and associated ecosystems in the southern Appalachians.

Problem 2a. Improve our understanding of how forest management, natural disturbances, and
climate change affect habitat quality and abundance of wildlife communities including Neotropical
migratory birds, reptiles and amphibians, bats, and small mammals at the stand and landscape level.
This information will enable land managers to better understand the effects of their silvicultural
treatments and how they interact with other likely disturbances and/or stressors on wildlife and
develop practices that allow them to achieve their forest management goals while providing habitat
for wildlife in upland hardwood-dominated forests and associated forest types in the southern upland
hardwood region.

Problem 2b. Increase understanding of how varied silvicultural and natural disturbances affect food
resources for wildlife, such as native and non-native fleshy fruit, hard mast, and invertebrate prey, and
how availability of these food resources vary over time and landscapes. Improved knowledge will
enable managers to more effectively manage food resources for wildlife communities at a landscape
level in upland hardwood-dominated ecosystems.

Problem 2¢. Develop and test effective methods to inventory and monitor bats and obtain
fundamental knowledge on bat population trends, habitat requirements, and factors affecting habitat
use and quality at the stand and landscape level. Bats provide important ecosystem services including
consumption of pest insects, but an increasing number of species in the southern CHR are threatened
or endangered. This improved understanding will enable land managers to better develop and
implement effective strategies for bat conservation and management.

Problem 2d. Understand survival mechanisms of southeastern bats to white-nose syndrome, caused
by a non-native fungal pathogen, to guide recovery strategies for affected species both within and
outside the affected zone. While many bats in parts of the southeast have been greatly affected by
white-nose syndrome, other parts of the southeast have not been affected and those areas may
represent refugia and the only areas where the species will thrive. Thus, understanding how to
manage and conserve white-nose syndrome affected species in these refugia may be critical for long-
term viability of the species.

Problem 3. Provide scientific information to conduct successful upland species and ecosystem
restoration through genetic conservation and the artificial regeneration process. Practical and
repeatable methods for restoring functionally extirpated species, such as American chestnut, declining
species, such as oak, or those facing potential extirpation, such as red spruce, need to be developed and
tested. We need to increase our knowledge of genetic variation and performance of genetic material of
genetically imperiled species across the landscape and improve our ability to regenerate upland species
undergoing restoration efforts to increase the efficacy of germplasm collections and to better inform
restoration efforts.



Problem 3a. Refine the artificial regeneration process, throughout the life of the tree, through
development of practical and standardized methods that can be applied across a variety of ecological
and management conditions.

Problem 3b. Determine variations in performance of genetic material planted into novel and
traditional silviculture systems to provide guidelines for future ecosystem restoration activities in the
context of a changing climate and forest conditions. Collaborative efforts are needed to inform
genetic conservation, tree improvement, or breeding programs that protect imperiled, extirpated, or
declining species.

Problem 3c. Develop and apply methodology to assess seed sources to guide genetic influences on
outcomes to help guide genetic conservation and restoration activities of upland tree species within
the context of a changing climate and altered forest conditions. Seed sources for genetic conservation
and species restoration requires that representative germplasm be collected and conserved. Species
restoration should use appropriate genetic material, including the consideration of climate change.

10. APPROACH TO PROBLEM SOLUTION

Problem 1. Improve ability to manage and model southern upland hardwood region forests for an
array of ecosystem services and predict the effects of disturbances, both natural and anthropogenic,
across broad edaphoclimatic gradients to meet restoration and management goals.

Problem 1a. Reconstruct and model historical, current, and future stand dynamic processes, natural
range of variability, and forest health conditions to better predict responses to natural and
anthropogenic disturbances, management, and climate change impacts (e.g., drought) across various
temporal and spatial scales.

1. Assess and predict stand dynamics, forest health, and resiliency. Research will examine stand
dynamics including regeneration processes at multiple spatial (individual tree, plot, stand,
ecological land type, state and broad regional scales) and temporal scales. Dendrochronology and
long-term data will be used to develop models that test and predict demography of regeneration,
growth, and stand structure and composition in response to management treatments, successional
dynamics, and environmental factors. Areas of focus include oak decline in the Ozark Highlands,
mixed conifer-broadleaf forests, and oak woodlands.

2. Understand how forest structure and composition change in response to site quality and natural
disturbances such as wind, ice, insects, and climate change. Research will take advantage of
large-scale disturbance events such as tornadoes, fire, ice storms, and insect outbreaks and long-
term research plots to understand the impacts of these disturbance on forest composition,
structure, and productivity.

Problem 1b. Gain a better understanding of the ecological role of natural and anthropogenic
disturbance, including fire, in oak ecosystems and develop and refine silvicultural techniques to
naturally regenerate and restore functional and healthy upland mixed hardwood/pine forests across
the Central Hardwood Region. When appropriate, develop silvicultural practices that use fire,
harvesting, or simulated natural disturbances at multiple scales to regenerate oaks where they are
desired by society, needed by wildlife and prescribed by managers. A more complete understanding
of the range of likely outcomes of silvicultural prescriptions that incorporate the complexities of
natural regeneration and the biological, social, and economic restrictions associated with management



of upland mixed-species hardwood dominated forests will help promote conservation of diversity and
enable land managers to better maintain or sustain desired species and ecosystems in upland
hardwood-dominated forests across the landscape and over time. White oak is of particular interest
due to its importance to wildlife, forest aesthetics, and wood-oriented industries ranging from
cooperage to furniture and cabinetry.

1. Test traditional silvicultural methods and develop and test novel integrated approaches to
improve forest health and obtain desired forest species composition and structure across various
spatial and temporal scales. We will refine even- and uneven-aged regeneration treatments as
well as novel approaches such as the Femelschlag system and various shelterwood prescriptions
that may retain an older cohort throughout the development of a new stand as well as mid-rotation
approaches including thinning, prescribed fire, herbicides, and mastication with the goal of
restoring degraded and under-represented ecosystems.

2. Develop models to predict successional change affecting restoration of forest structure and
function using traditional and novel approaches. We will combine traditional modeling analyses
and creatively explore the use of non-traditional statistical and spatial analysis methods to
analyze, interpret, and simulate the complex competitive capacity of mixed hardwood species
processes across the landscape.

3. Develop simulation models and associated decision-support tools of forest structure and
composition across large planning units and over time in response to silvicultural practices. Data
obtained at the site and stand level will be used to develop simulation models and decision-
support tools that will allow managers to determine how to apply prescriptions across space and
time to achieve multiple management objectives.

4.  Determine the effects of various silvicultural treatments on the dynamics of existing hardwood
stands, individual trees, and species as well as on the regeneration of desired hardwood species.

5. Define relationships between site-level and landscape-level environmental factors and vegetation
dynamics after natural or managed disturbances.

6. Investigate feedback loops among fuels, vegetation, and fire behavior in upland hardwood and
mixed pine-hardwood systems and more accurately predict mortality and survival post-
prescribed fire by species and size classes, under different intensities and return intervals.

Problem Ic. Develop landscape simulation models and experiments to forecast how forests will
change over large landscapes and long time periods under various management scenarios coupled
with other changes such as climate change, invasive species, carbon and nutrient cycling, and socio-
economic changes.

1. Design studies of spatial patterns and forest processes across large landscapes and use existing
techniques and dynamic vegetation models such as Landis-II to scale up site- and stand-level
data to the landscape scale.

2. Develop new models and modeling approaches to both study existing patterns and project future
patterns incorporating silvicultural treatments, stand dynamics, nutrient cycling, and various
disturbances including invasive species, disease, climate change, and fire to predict and explain
landscape-scale patterns of forest change, and inform species and forest restoration, and wildlife
habitat.



Anticipated outcomes in Problem 1:

Models of forest stand diversity, including the extent of invasive species, as a function of physiographic
position, forest composition, and structure.

Better understanding of physical environments, biological communities, and disturbance regimes that
affect establishment and survival of desirable upland hardwood and mixed hardwood-pine forests to assist
forest managers in regenerating forests.

Provide managers of eastern national forests and other forest managers with silvicultural options to better
manage for forest resilience to insect pests, pathogens, and environmental stress, and modify structural
complexity in upland hardwood stands in relation to disturbance, physical environments, and wildlife
management objectives.

Improved methods to quantify temporal variation of vegetative community composition and structure
gained to devise management prescriptions for forest restoration.

Provide managers of eastern national forests and other forest managers with management guidelines for
silviculture prescriptions to increase the presence and productivity of native tree species, mitigate the
impacts oak decline, and effectively maintain or sustain desired ecological, economic, or social outcomes
in upland hardwood-dominated forests.

Validation and parameterization of the forest regeneration model, REGEN3, which is used to predict
forest composition following intermediate to severe overstory disturbance, to forest types and geographic
areas beyond the Cumberland Plateau and southern Appalachian Mountains, such as the Northern Ridge
and Valley, Central Appalachians, Allegheny Plateau, and possibly more xeric hardwood forests west of
the Mississippi River. This model will allow forest managers to predict the outcome of their management
activities including regeneration cuts designed to secure natural regeneration.

Models that evaluate fuel quantity, fire behavior, and tree growth from stand to landscape scales under
alternative restoration regimes to assist forest managers in decision making regarding prescribed fire in
relation to species composition, stand structure, fuel loading, and residual tree health in upland hardwood-
dominated forests.

Landscape simulation models of forest change in response to forest management, climate change,
invasive species, fire, land use, and other disturbances. Models of forest change under various conditions
will allow forest managers and others to implement effective management strategies for maintaining and
regenerating upland forests in the face of rapidly changing environments.

Guidelines for use of prescribed fire as an ecological process to improve forest health, restore stand
conditions, or control regeneration. Improved guidelines will aid in the management of the national
forests throughout the eastern U.S. as outlined in their respective forest management plans as well as
forests on other federal, state, and private lands.

Provide field-based parameterization for fire behavior models for upland hardwoods and mixed pine-
hardwood systems to aid in development of prescribed fire plans that assist managers of forests in the
Cumberland Plateau with meeting their specific objectives.

Silvicultural practices to control and direct the regeneration process of important ecological and cultural
species like oak. These practices will be transferred to managers of national forests and other federal
lands, state lands, and private landowner to foster the regeneration and maintenance of upland forests
across the CHR.



Problem 2. Improve understanding of wildlife responses to silvicultural and natural disturbances
that affect vegetation composition, habitat structure, food resources, or disease and develop
effective inventory and monitoring methods to document responses across space and time. This
information will enable land managers to advance conservation and management strategies and practices
for wildlife communities including threatened and endangered species in upland hardwood-dominated
forests and associated ecosystems in the southern Appalachians.

Problem 2a. Improve our understanding of how forest management, natural disturbances, and climate
change affect habitat quality and abundance of wildlife communities including Neotropical migratory
birds, reptiles and amphibians, bats, and small mammals at the stand and landscape level. This
information will enable land managers to better understand the effects of their silvicultural treatments and
how they interact with other likely disturbances and/or stressors on wildlife and develop practices that
allow them to achieve their forest management goals while providing habitat for wildlife in upland
hardwood-dominated forests and associated forest types in the southern upland hardwood region.

1. Experimental and observational studies to test the effects of fire, timber harvests, and other
silvicultural and natural disturbances on wildlife at the stand level. We will continue to
conduct, or conclude, several studies addressing how breeding birds, reptiles, amphibians,
and bats respond to disturbances such as: a) prescribed fire and wildfire; b) silvicultural
alterations to forest structure resulting from methods such as midstory removal, shelterwood
regeneration harvests, and gap-sized (1/4-acre and 1-acre) harvested areas; ¢) long-term
response to disturbances as young (“early successional’) forest structure changes with
maturation; and d) climate change.

2. Examine variation in wildlife response at multiple spatial scales. We will continue to take a
multi-scale and experimental approach to investigate landscape-related patterns and site
specific variations related to selected animal population responses. This research will allow
us to couple vegetation response and applied management design with additional aspects of
ecosystem impacts to disturbance.

3. Simulate wildlife responses to silvicultural treatments and natural disturbance across large
landscapes and long timescales. Simulation models will be developed to predict bird, reptile,
amphibian, bat, and microarthropod habitat availability and distributions across forest age and
type classes, treatments, connectivity extents, and landscapes.

Problem 2b. Increase understanding of how forest management affects food resources for wildlife, such
as native and non-native fleshy fruit, hard mast, and invertebrate prey, and how availability of these food
resources vary over time and landscapes. As non-native species become increasingly common,
understanding their impact on wildlife will become increasingly important. Improved knowledge will
enable managers to more effectively manage food resources and habitat features for wildlife communities
at a landscape level in upland hardwood-dominated ecosystems.

1. Conduct experimental studies of silvicultural effects on food resources. We will continue to
conduct, or conclude studies addressing forest food resources, and how they are affected by
silvicultural disturbances in the short- and long-term.

Problem 2c. Develop and test effective methods to inventory and monitor bats and obtain fundamental
knowledge on bat population trends, habitat requirements, and factors affecting habitat use and quality at
the stand and landscape level. Bats provide important ecosystem services including consumption of pest
insects but an increasing number of species in the southern CHR are threatened or endangered. This



improved understanding will enable land managers to better develop and implement effective strategies
for bat conservation and management.

1.

Continue to refine the North American Bat Monitoring Program. The North American Bat
Monitoring Program (NABat) was developed in 2015 and is currently being implemented across
the U.S. and Canada. However, the sampling protocols and methods need further refinement. We
will work with partners in state and federal agencies who are implementing NABat at various
spatial scales to design studies and analyze existing data to improve the NABat data collection
and analyses.

Conduct experimental and observational studies of bat habitat requirements and community
dynamics. We will use a variety of approaches to determine bat habitat requirements and
population trends, and the factors that affect bat habitat use at the stand and landscape level.
Much basic information is still needed on the types of habitats bats use for year-round roosting
and foraging. We will conduct a series of studies to further understand the basic ecologies of
these animals including acoustic and radio-telemetry studies to determine foraging and roost site
use and selection by rare and sensitive species.

Problem 2d. Understand survival mechanisms of southeastern bats to white-nose syndrome, caused
by a non-native fungal pathogen, to guide recovery strategies for affected species both within and
outside the affected zone. While many bats in parts of the southeast have been greatly affected by
white-nose syndrome, other parts of the southeast have not been affected and those areas may
represent refugia and the only areas where the species will thrive. Thus, understanding how to
manage and conserve white-nose syndrome affected species in these refugia may be critical for long-
term viability of the species.

1.

Conduct year-round studies of affected species in affected areas to foster recovery. We will
continue studies of survival strategies of bats throughout the year including studies of microsite
use in hibernacula, winter activity, and habitat use throughout the year with special emphasis on
pre- and post-hibernation periods.

Conduct year-round studies of affected species in non-affected areas to maintain healthy
populations in these refugia. Northern long-eared bats and tricolored bats are maintaining
presumably viable populations in areas outside the white-nose syndrome endemic area such as the
coastal plains. It is likely that these areas will be critical for the long-term sustainability of these
species. Our research will focus on determining the habitat requirements of these species in these
refugia to assist managers in maintaining their populations in these areas over the long-term.

Anticipated outcomes in Problem 2:

Information on how forest disturbances, such as prescribed burning, various harvest methods, and natural
disturbances affect breeding bird, reptile, amphibian, bat, and small mammal communities to guide
management and forest plans.

Information on bat population habitat requirements, and factors affecting habitat use and quality at the
stand and landscape level that can assist in land management planning for effective bat conservation and
management by national forests and other federal and agencies. This information will also help to guide
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recovery plans being developed for threatened and endangered species by the U.S. Fish and Wildlife
Service.

Science-based information and modelling tools that evaluate and quantify forest food resources such as
fleshy fruit and hard mast availability over time and across a dynamic forest landscape to assist land
managers in managing for diversity of wildlife species. This information will help guide development of
forest plans throughout Region 8 (Southern Region of the Forest Service).

Science-based large scale monitoring data on bat status and trends that will allow managers and policy
makers to make informed decisions about bat conservation and management. Our research will also
provide guidance for developing and implementing best practices for monitoring bat populations at
various spatial scales and inform efforts of the national coordination team of the North American Bat
Monitoring Program.

Simulation models that predict the effects of management, forest fragmentation, fire (prescribed and
wildfire), invasive species, climate change, and other disturbances on wildlife habitat that can be used by
managers for long-term, large-scale planning.

Problem 3. Provide scientific information to conduct successful upland species and ecosystem
restoration through genetic conservation and the artificial regeneration process. Practical and
repeatable methods for restoring functionally extirpated species, such as American chestnut, declining
species, such as oak, or those facing potential extirpation, such as red spruce, need to be developed and
tested. We need to increase our knowledge of genetic variation and performance of genetically imperiled
species across the landscape and improve our ability to regenerate upland species undergoing restoration
efforts to increase the efficacy of germplasm collections and to better inform restoration efforts.

Problem 3a. Refine the artificial regeneration process, throughout the life of the tree, through
development of practical and standardized methods and that can be applied across a variety of ecological
and management conditions.

1. Develop, test, and refine nursery protocols to produce and identify healthy, competitive, and
locally adapted hardwood seedlings. Nursery seedling outcomes are controlled by specific
morphological, physiological, and genetic variables.

2. Develop, test, and refine planting procedures and post-planting procedures for high-quality,
locally adapted seedlings. Seedling outcomes can change depending on management decisions
made prior to and after planting that can affect the seedling’s competitive ability and
physiological processes.

Problem 3b. Determine variations in performance of genetic material planted into novel and traditional
silviculture systems to provide guidelines for future ecosystem restoration activities in the context of a
changing climate and forest conditions. Collaborative efforts are needed to inform genetic conservation,
tree improvement, or breeding programs that protect imperiled, extirpated, or declining species.

1. Establish long-term silvicultural tests using pedigreed genetic material from collaborative
breeding or tree improvement programs. Variability in the success of artificial regeneration will
be tested related to factors that affect trees at various spatial and temporal scales (e.g., breeding,
genetics, seedling quality, seedling cultural treatments, and silvicultural treatments that include
harvesting, prescribed fire, and herbicide application).
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2. Research studies overlaid on tangible restoration initiatives will assess factors such as seed
source, genetic diversity, and seedling cultural treatments including fertilizer and lime
application to improve forest restoration activities.

3. Infer climate change adaptability by testing response of genetic material along various
temperature or latitudinal gradients.

Problem 3c. Develop and apply methodology to assess seed source and genetic influences on outcomes to
help guide future genetic conservation and restoration activities of upland species within the context of a
changing climate and altered forest conditions. Seed sources for genetic conservation and species
restoration requires that representative germplasm be collected and conserved. Species restoration should
use appropriate genetic material, including the consideration of climate change.

1. Seed sources that represent various geographical provenances and other environmental
conditions will be grown in common garden studies and evaluated for adaptive traits including
growth, phenology, drought, cold tolerance, and extreme temperature tolerance. Models will be
developed to evaluate if species are genetic specialists or generalists.

2. Test genetic adaptation of white oak to its local environment to guide deployment of seed sources
under climate change scenarios.

Anticipated outcomes in Problem 3:

Prescription recommendations to improve nursery seedling quality and planting procedures of upland
Fagaceae. These recommendations will allow national forest managers and others to use artificial
regeneration techniques to restore forests more effectively and efficiently.

Information for tree improvement or program partners on expected disease resistance, competitive ability,
and other adaptive traits to guide restoration or assisted migration of upland species. This information will
provide organizations such as The American Chestnut Foundation, national forests, and other agencies
and organizations in developing and implementing restoration projects for species such as the American
chestnut and red spruce.

Predictions of how genetics, seedling quality, site productivity, and silvicultural treatments interact to
affect and influence artificial regeneration outcomes of extirpated or declining upland species, such as
oaks or American chestnut. Model outcomes will help to guide artificial regeneration efforts for national
forests, other federal agencies, state agencies, NGOs, and private landowners.

Models that describe genetic variability and adaptation in phenotypic traits at the regional to range-wide
scale to guide restoration or assisted migration of extirpated or declining species or those whose ranges
have been reduced by past land practices, climate change, or other disturbances. These models can be
adapted and used to in the development of national forest plans and other restoration plans for extirpated
or declining species.

Information that assists land managers in determining appropriate seed sources for restoration activities or
genetic conservation of declining species given climate change. Choice of appropriate seed sources is
crucial for effective restoration and this information can be used through the CHR for managers planning
to use artificial regeneration in their restoration efforts.

Integration with partners’ hardwood reforestation and genetic resource programs to provide improved
methods towards domestication of oak species for reforestation and genetic conservation.
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Tangible ex situ genetic conservation reserves for seed orchards for Region 8 and other partners.
12. ENVIRONMENTAL CONSIDERATIONS

The RWU-4157 program of research includes activities that are not expected to have a significant adverse
effect on the quality of the human environment. The environmental effects of specific actions will be
considered during the development of study plans, at which time the existence of extraordinary
circumstances related to the proposed action and any categorical exclusions will be documented as a part
of the study plan as described in FSH 1909.15, Chapter 30. For research involving the use of toxicants,
environmental considerations will be further evaluated through Environmental Assessments or
Environmental Impact Statements prepared with, and reviewed by the cooperating District or Forest
staffs. For research having the potential to affect a plant or animal species that is federally listed as
endangered or threatened or proposed for such listing, RWU-4157 will consult with District or Forest
biologists and the U.S. Fish and Wildlife Service as per Section 7 of the Endangered Species Act of 1973,
as amended. All research involving animal subjects will be approved by the U.S. Forest Service R&D
Institutional Animal Use and Care Committee and all necessary state and federal permits will be obtained
prior to initiation of research.

13. SCIENCE DELIVERY

Transfer of knowledge gained in all problem areas to users at all levels is imperative and has a long
tradition in RWU-4157. These efforts support the Forest Service’s Strategic Objective to apply
knowledge globally. We put great emphasis on technology transfer, and it is a major component of our
activities; technology transfer takes a significant amount of scientist time and Unit resources. All research
results and interpretations must be assessed via review and publication in scientific journals to pass
sufficient rigor to be presented to practitioners. Intermediate results can be communicated but it must be
made clear that the results have not been completely scrutinized by the science community.

RWU-4157 disseminates knowledge and strategies for restoring, managing, and sustaining the vegetation
and wildlife of upland hardwood forests in the southern United States in a variety of methods. We provide
synthesized science-based information to land managers, scientists, university professors and students,
and the public through peer-reviewed publication, videos, online courses, field tours, podcasts,
proceedings papers, and brief reports or bulletins in person and online presentations, partnerships,
meetings, and consultations. Notably, a workshop on Upland Hardwood Forest Ecology and Management
is taught bi-annually for primarily state and private natural resource professionals, and the Upland
Hardwood Silviculture workshop for the National Advanced Silvicultural Program, has been administered
out of the Bent Creek Training Center for the past 20 years.

Other contact is through written and electronic communications. We send information to the Southern
Research Station (SRS) Communication Team regarding RWU-4157 research, publications, videos and
webinars and to provide content for social media feeds. Research results are published in peer reviewed
publications, general technical reports, and proceedings. Other interpersonal communications include
posters, providing publications to partners upon request, and development of interpretive signs on two of
our four Experimental Forests. RWU-4157 frequently contributes to the Southern Research Station’s
weekly blog, CompassLive, and contributes Research Highlights and stories for The Chief’s Desk
Newsletter.
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14. KEY COOPERATORS
USDA Research Station Units:

NRS-4—Genetics, Biological Control, and Management of Invasive Species, NRS-15--The Strategic
Foresight Group, NRS-11--Sustainable Management of Central Hardwood Ecosystems and Landscapes,
NRS-10-- Biological and Environmental Influences on Forest Health and Productivity, NRS-01--
Ecological and Economic Sustainability of the Appalachian Forest in an Era of Globalization, NRS-2 —
Sustaining Forests in a Changing Environment, PSW — Conservation of Biodiversity Program, RMRS --
Wildlife and Terrestrial Ecosystems Program, SRS-4155--Center for Bottomland Hardwood Research,
SRS -- 4156--Center for Disturbance Science, SRS-4159--Southern Pine Ecology and Management, SRS-
4160 — Forest Genetics and Ecosystems Biology, SRS-4552--Insects, Diseases, and Invasive Plants of
Southern Forests, SRS-4804--Forest Economics and Policy, SRS-4854—Eastern Forest Environmental
Threat Assessment Center, SRS-4952--Integrating Human and Natural Systems

Federal Agencies

Forest Service: WO Forest Management Service Center and various WO staffs within Research and
Development; Forest Service WO Vegetation Ecology; Forest Service Region 8, Regional Office; Forest
Service William B. Bankhead National Forest, AL; Forest Service Talladega National Forest, AL; Forest
Service Ozark St. Francis National Forest, AR; Forest Service; Ocala National Forest, FL; Forest Service
Chattahoochee National Forest, GA; Forest Service Hoosier National Forest, IN; Forest Service Daniel
Boone National Forest, KY; Forest Service National Forests of North Carolina, Supervisor Office; Forest
Service Nantahala National Forest, NC; Forest Service Pisgah National Forest, NC; Forest Service Cradle
of Forestry; Forest Service; Francis Marion and Sumter National Forests, SC; Forest Service Cherokee
National Forest, TN; Forest Service George Washington, VA; Forest Service Jefferson National Forest,
VA; Forest Service National Seed Laboratory, Macon, GA; Forest Service Forest Health Protection,
Southern Region; DOE Savannah River Site; U.S. Fish and Wildlife Service; USDI Fish and Wildlife
Service Wheeler National Wildlife Refuge, AL, Waccamaw National Wildlife Refuge, SC; National Park
Service Big South Fork National River and Recreational Area; National Park Service Great Smoky
Mountains National Park; U.S. Geological Service South Carolina Cooperative Research Unit, North
American Bat Monitoring Program Coordinating Office, Patuxent Wildlife Research Center; Natural
Resources Conservation Service, AL, NC, and TN; Corps of Engineers; US Army, Redstone Arsenal, AL

State and Local Agencies

Alabama: Alabama Forestry Commission, Monte Sano State Park, AL; Alabama Department of
Conservation and Natural Resources, City of Huntsville, AL, Arkansas: Arkansas Forestry Commission,
Arkansas Game and Fish Commission; Connecticut: Connecticut Agricultural Experiment Station;
Georgia: Georgia Department of Natural Resources, Kentucky: Kentucky Energy and Environmental
Cabinet; Missouri: Missouri Department of Conservation; Missouri Ozark Forest Ecosystem Project
(MOFEP), North Carolina: North Carolina Forest Service, North Carolina Department of Environment &
Natural Resources, North Carolina Wildlife Resources Commission; South Carolina: South Carolina
Department of Natural Resources, South Carolina State Parks; Tennessee: Tennessee Wildlife Resources
Commission, Tennessee Department of Agriculture, Forestry Division, Virginia: Virginia Department of
Game and Inland Fisheries; Fairfax County Park Authority

Universities/Colleges
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Alabama A&M University; Normal; Auburn University; Boise State University; Clemson University;
Drake University; Duke University; High Point University; Kennesaw State University; Mississippi State
University; Mars Hill University; Maryville College; North Carolina State University; Oklahoma State
University; Pennsylvania State University, State College; Purdue University; Stetson University; Shorter
University; Tennessee State University, Nashville; University of Alabama; University of Alabama,
Huntsville; University of Alabama, Tuscaloosa; University of Florida; University of Kentucky;
University of Illinois, Champaign-Urbana; University of Missouri; University of North Carolina,
Asheville; University of the South, Sewanee, TN; University of Tennessee, Knoxville, TN; University of
the South; University of Texas, San Antonio; University of Vermont; Virginia Tech University; Western
Carolina University; Western Georgia University

Private Organizations/NGOs

Bat Conservation International; Biltmore Estate; Stevenson Land Company, TN; Coastal Timberlands
Company; Land Trust of North Alabama; The Nature Conservancy; International Crane Foundation;
Alabama Forest Landowners Association; Earlyworks Children’s History Museum; Southern
Appalachian Spruce Restoration Initiative; Southern Highlands Biological Reserve; Forest Management
Specialists Consulting; The American Chestnut Foundation; Ruffed Grouse Society; Appalachian
Mountain Club; White Oak Initiative; Shortleaf Pine Initiative.

Other
Eastern Band of Cherokee Indians; Catawba Nation; FAO North American Forestry Commission Forest
Genetic Resources Working Group; Canadian Forest Service; CAMCORE

15. STAFF AND COSTS

The RWUD describes an ambitious five-year plan of work. Based on a proposed staffing level of 8.6
scientist FTEs and about 2.5 million dollars per year, we expect to implement most areas of research.
With a higher level of funding, and more staff, all the proposed research could be accomplished and, in
some cases, sooner.

Staffing Plan: RWU Staffing and Funding

Problem Scientist years per year of the RWUD
Area 2023 2024 2025 2029 2027
1 52 5.2 5.2 52 5.2
2 2.0 2.0 2.0 2.0 2.0
3 1.4 1.4 1.4 1.4 1.4

The unit consists of nine permanent full-time research scientists, five full-time technicians, three research
support Foresters, and one full-time administrative assistant. However, one scientist also serves as
Director of the Center for Forest Restoration and Management and thus devotes approximately 40% of
her time to administrative and policy duties. Our record of accomplishments and ability to sustain long-
term studies and datasets depend heavily on the expertise of our permanent technical and professional
support staff. Some scientists and one technician are nearing retirement. Temporary technicians are hired
for summer and short-term appointments. Under budget modernization, we have had sufficient resources
to fund our existing staff and have been able to bring on two additional research support Foresters and a
new scientist. However, funds for maintaining and particularly initiating new projects are highly variable
from year to year.
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Partners have indicated the great need for us to revise the REGEN3 model for use in the southern Upland
Hardwood Forest Region for which funding is required. There are also multiple desires for us to extend
our work to the area of economics of silviculture and recreation impacts on and opportunities of upland
hardwood forests. Both can only occur through collaboration. The unit is engaged in leveraging strategies
with partners to expand our research resource base. Unless projections change, future flexibility and
accomplishments will depend on external funding. The unit brought in $208,000 in outside funding in
FY22. Further, in-kind funding is provided by partners including the NFS and FHP, other federal
agencies, state agencies, and NGOs.

The unit is responsible for four experimental forests (EFs): The Bent Creek EF is part of the Pisgah
National Forest. The 5,242 acre experimental forest was established in 1925 and was the first EF
established east of the Mississippi river; the Blue Valley EF, part of the Nantahala National Forest, is
located in the southwest corner of North Carolina close to the Georgia and South Carolina border. This
remote 1,300 acre forest was established in 1964; the Henry R. Koen EF, part of the Ozark National
Forest, is located south of the Buffalo River near Jasper, AR. The 720 acre experimental forest was
established in 1951; The Sylamore EF, part of the Ozark-St. Francis National Forest, is located near the
community of Mountain View, AR. The Sylamore, established in 1934, was the first and is the largest EF
in Arkansas consisting of 4,290 acres
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