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9. JUSTIFICATION AND PROBLEM SELECTION

Forested wetlands comprise approximately one-haf of the remaining 103.3 million acres of wetlandsin
the United States. Geographically, 82 percent of the total wetland areais distributed among the South
(54%), Lake States (19%), and Northeast (9%) regions. The mgjority of those wetlands are forested.
While the ecologica and socid importance of these forested wetlands are widely acknowledged, they
continue to be destroyed a an annud rate of approximately 378 thousand acres, which is 30% greater
than the net annud loss of dl wetland types in the nation. Development of the information necessary for
management, restoration, and conservation of forested wetlands is needed to sustain valued landscape
functions.

The ecologica role of forested wetlands in the landscape includes dteration of flood flow, maintenance
of water qudity, habitat diversity for plants and animds, refugia for endangered species, carbon
sequestration, and a source, Sink and transformer of chemica compounds. The importance of these
functions changes according to climate, hydrology, geography, other environmenta factors, and scale.
At the ecosystem leve, wetland functions such as community dynamics, biomass production, and habitat
can beimportant. At the watershed level, water qudity, hydrology, organic matter cycling, sustainable
productivity and habitat diversty, can be important functions. To illudtrate, it is common for wetlands to
provide habitat that contributes to the mgority of the species diversity within a given watershed while
occupying asmdl area of the watershed. Wetlands are dso important at the globa scale, especiadly
with respect to biodiversty and biogeochemical cycles. For example, wetlands account for
gpproximately two percent of the terrestria surface area; however, wetland soils contain approximately
20 percent of the global soil carbon poal, thereby making wetland soils an important terrestria carbon
snk. Wetlands can be particularly sensitive to globa change because they commonly exist at the
interface between aguatic and upland ecosystems. The riparian landscape position is aso important to
the health of aquatic ecosystems since wetlands are amgor source of energy and nutrients to streams,
rivers, and estuaries.

In addition to inherent ecosystem functions, wetlands aso provide important economic and socia
vaues. Forested wetlands are a significant component of commercid forest lands, particularly in the
South and the Lake States. These lands are particularly important because they have the ability to grow
wood fiber rapidly, and to provide products that are not otherwise available. For example, some wood
products from wetland forests (e.g., bald cypress) are more resistant to decay than products derived
from upland species. Accordingly, these wetland- derived products may have longer operationd life,
and may not require gpplication of costly preservetives. Conversdly, other species (e.g., loblolly pine,
sweet gum) are respongve to intensive silviculturd practices on hydric soils. In addition to providing
wood products, wetland forests provide important vaues to rural and urban segments of society through
activities such as hunting, fishing, nature sudy, recregtion, aesthetics, and gathering of wood, plants, and
fruits. The vaue of the wetland resource is Sgnificant by any metric of comparison.

The Southern Research Station (SRS) implements its mission through three centrd areas of emphasis:
(a) measuring, monitoring, and assessment of ecosystems, (b) understanding ecosystem structure,
function and processes, and (¢) management for sustained and enhanced forest productivity. Six cross-
cutting themes (CCT) have been devel oped as a means to organize and manage SRS s research around



the three centrd research areas of emphasis. These cross-cutting themes reflect priority forest
ecosystem research and technology transfer needs within the southeastern United States.

The Center for Forested Wetland Research (CFWR) will contribute primarily to three CCTs. The
Forested Wetlands, Bottomland hardwoods, and Riparian zones CCT, the Large-scale Modeling and
Regiona Assessment, and the Pine Sugtainability and Productivity CCTs.

While the importance of forested wetlands is widely accepted and research over the last decade has
greatly advanced the state of knowledge about wetland conditions and processes, both the quality and
quantity of the information available to manage the remaining forested wetland resource is inadequate to
meet the goas set forth by the concept of sustainable ecosystem management. Four Problem Areas
were selected to address important knowledge gaps on the basis of (&) important science questions, (b)
desired outcomes of the Wetland, Large-scale modeing, and Pine Productivity CCTSs, (€) existing
capabilities and staff, (d) coordination of expertise and discipline research within the SRS, and (€)
discussion with customers.

The four Problem Areas are designed to provide a hierarchica framework for developing and
implementing sustainable management and restoration practices. The first Problem Area providesthe
basis for understanding inherent ecosystem functions, ecosystem processes, and controlling mechanisms
in forested wetlands. It provides the foundation for addressing sustainable management (Problem 2)
and restoration (Problem 3). Applying information to management and conservation questions across
multiple spatid and tempora scales requires the use of the theory and tools devel oped through
landscape ecology (Problem 4). Implicit in each Problem Areaare the socid and economic factors
affect ecosystem processes and dynamics through application of management practices and policy.

| nteractions between the vegetation, soil and hydrology in forested wetland ecosystems are governed by
complex biotic and abiotic processes that vary depending on geography, geomorphology, and climate.
Vegetation is the mgjor biologica component of forested wetlands, influencing most agpects of
ecosystem structure and function, and sustainable productivity. It isaso the primary target of most
management activities. The ability to predict responses of forest communities to disturbance and the
consequent effects on wetland functionsis, therefore, centra to developing useful guiddines for
management and conservation (Fig. 1). Thus, research is needed to: (8) quantify relevant plant-
environment interreationships, (b) quantify the effects of disturbance or management activities on
wetland functions, and (c) develop a predictive model of ecosystemn behavior to integrate information
gathered under (a) and (b).
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Past studies of ecologica processes and functions of forested wetlands, particularly those related to the
myriad of wetland types and conditions, are few compared to the diverdity of conditions and information
needs. Basic knowledge about physiology of mgor wetland tree species, Sructure and dynamics of
pure and mixed species communities, soil-plant interactions, hydrology, hydric soils, wildlife habitat, and
primary biotic and abiotic functions and their interrdationships in forested wetlands is limited. Existing
information is often not in aform that can be applied to ecosystem problems, especidly those related to
management, retoration or creation of forested wetlands. Accordingly, thereisacritica need for_
research on fundamental biotic and abiotic processes and functions in forested wetland landscapes
(Problem 1).

Solution to Problem 1 will provide scientists and resource managers with the basic information to
understand how natura processes in wetlands and surrounding forests interact to influence important
ecological functions (e.g., sustainable productivity), and how |and management practices could affect
other wetland functions. Society will benefit from work on this problem area because it will provide
new information that will (1) help ensure sustainability of unmanaged and intensively managed forests,
and (2) enhance wise use and conservation of wetland resources. The resuts of the Problem 1 research
will dso be the foundation for research in the other three Problem Areas. The probability of achieving
this comprehensive goa within the next five year period is estimated to be 60% because of the long time
frames needed to devel op the data bases necessary for the comprehensive assessment and ecosystem
modeling. However, within ayear period, sufficient data bases on critical processes (e.g. hydrology,
soil-plant interactions, biogeochemistry, and water equdity) will be developed to dlow initid syntheses
and modding efforts. Five years with 2.0 full time scientists supported by work unit or sponsored funds
at an average annua budget of $400K will be required to address this Problem. Approximately 0.5
scientist FTE is dependent on sponsored funds; if those funds are not available progress on this Problem
will be moderately impacted.

The concept of sustainable management provides for managing forests for both "goods' (e.g., timber,
food, forage) and "services' (e.g., wildlife habitat, biogeochemica cyding, hydrologicd cydes) in such a
way as to maintain the ecologica integrity and productivity of the resource. Implementation of
sustainable management practices requires not only a basic understianding of ecologica processes of the
resource (described in Problem 1), but knowledge of the effects of management prescriptions on those
processesaswdl. A primary function of forestsis carbon sequestration, and hence the production of
wood products. Other important functions include providing habitat for plants and animals, refuge for
sengtive species, and maintenance of freshwater resources.

The level and type of management is dictated by land owner objectives and capacities of the resource.
Siviculturd systems on wetlands includes a variety of harvesting (e.g., sdlective, clear-cut), regeneration
(e.g., naturd and atificid), dte preparation (e.g., disking, raking, bedding), fertilization, stand tending,
and water management practices. Although silviculturd practices are known to modify vegetation,
hydrology, soil properties, and nutrient cycles, the effects of these practices on wetland functions and
vaues across the diverse biotic and physiographic settings of the southeastern US and other regions are



poorly understood. Managing complex wetland landscapes requires a detailed understanding of the:
functional linkages between management practices and ecosystem processes (Problem 2).

The solution to this problem is needed by both public and private forest land managers. Asforest
industry and other landowners extend both intensive and extensive management to more acres to meset
risng demand for forest products and other landowner values, ways of accommodating that demand
while sugtaining integrity of the resource and the vaues derived from the lands must be addressed.
Research will furnish needed information on effects to ecologica functions (e.g., hydrologic,
biogeochemical, vegetative, and wildlife habitat) from different management practices. That information
will enable reliable decisons to be made on the suitability or desirability of management dternatives on
different wetland sites and landscape positions. The results from this Problem Areawill aso be
important components to landscape models (Problem 4). The net benefit to society resulting from this
problem solution will be asystem of slviculturd prescriptions that ensures an adequate supply of needed
forest products and the maintenance of vital ecologica functions. Thereisa 70 percent probability of
Problem solution, because management alternatives continue to change and, more importantly, longer
time periods are often needed to assess the consequences of land management practices on the
resource. Fiveto ten yearswith 2.0 full time scientists supported by work unit or sponsored funds at an
average annud budget of $400K will be required to address this Problem. Approximately 0.5 scientist
FTE is dependent on sponsored funds; if those funds are not available progress on this Problem will be
moderately impacted.

The ability to restore or create wetlandsis essential to mitigate wetland loss and rehabilitate degraded

gtes (e.g., prior-converted agriculturd lands, or lands following natura catastrophes or anthropogenic
disturbances). Restoration involves the re-establishment of wetland conditions, processes, and

vegetation on aStein such way asto provide the environment for a self- sustaining hydrophytic

vegetative community. In contrast, wetland cregtion involves the development of awetland ecosystemin

an areathat was previoudy an upland. Wetland restoration and crestion are commonly performed by
private industry and government agencies for mitigation, the USDA Wetland Reserve Program,

mitigation banking, and conservation projects. Restoration of forested wetlands is the predominant
gpproach in freshwater systems. Development of stlandards, guidelines, and indicators for restoration is
important for successful, cost effective, project design. Accordingly, there is atremendous need to

develop quantitative measures of wetland structure, compaosition, and process that can be used to plan

and assess whether arestored wetland will develop in such away asto meet the desired restoration
objectives.

Two mgor issues associated with wetland restoration are: (1) restoration technologies and (2) assessment
of the effectiveness or sustainability of the restoration. Mgor technologica and biological issuesin forested
wetland restoration include specifications for site conditions, species-gte suitability requirements, role of
cover cropsin tree establishment, optimum hydrologic regime for Site colonization, and the role of seed
banks in community dynamics. Knowledge of these factorsislimited, consequently, protocols for the
development of regeneration and restoration prescriptions are not well defined or uniform among managers
inthefidd. Following theinitid restoration effort, evduating a project’ s success in terms of restoring forest
hedlth is difficult because the mandated assessment period isusudly short (eg., 1 - 3 years), and indicators



of desired wetland conditions or processes have not been developed. The concept of establishing reference
stesfor purposes of comparison has been advocated for both natural and restored wetlands. This
approach provides a framework for assessng the deviation of ecologica functionsin disturbed or restored
wetlands from reference conditions. Being able to assess the dynamics of reference wetlands is fundamenta
to both the development of indicators for assessing forested wetland hedth, and the development of
objective criteriato evauate the efficacy of the restoration projects. Accordingly, wetland and riparian zone
restoration requires both new technologies and indicators of ecosystem hedth (Problem 3).

The solution to Problem 3 will provide land managers and agencies responsible for the regeneration and
restoration of forested wetlands with guidelines for the sdlection of prescriptions, regeneration methods,
dte andioration techniques, suitable species, and indicators of success. The net benefit to society will
be a basic means for achieving the god of no net loss of the nation’ s wetlands and, in addition,
assurance of long term sustainable productivity of those wetlands. The likelihood of advancing
restoration technologies to the point of recommending establishment proceduresis good given the
initiation of severd recent experiments and ongoing collaboration with other RWUSs and cooperating
agencies. The development of an assessment framework is along-term god; however, within 5 years
draft assessment criteria can be developed and tested. Fiveto ten yearswith 2 full time scientists
supported by work unit or coopertive funds or grants at an average annual budget of $400K will be
required to address this Problem. Sponsored funds support 1.25 scientist FTE for this Problem; if
those funds are not sustained progress on this Problem will be significantly impacted.

Managing forested landscapes to sustain "goods’ and "services' is afundamenta objective of land
sewardship. Sustainability of the goods and services provided by forested landscapes defines forest
hedth. Many forest hedth-related issues are patid and large-scale in nature, such as habitat
fragmentation, ecosystem productivity, spread of disturbances (e.g., fire and pests), water qudity, and
s0il erosion and sedimentation. Thus, assessment of forest hedth should be done at large scales, and in
atimely fashion. Landscape ecology provides aframework and the tools to address forest hedlth
issues, it emphasizes ecologica effects of the spatid patterning of ecosystems on large aress.
Landscape analyses can be used as the basis for economic, sociologica, and ecologicd sudiesto
determine how to manage lands a large scaes to sustain inherent landscape functions and forest
products.

Landscapes are mosaics of ecosystems and land uses with forested wetland landscapes being
characterized by interacting uplands, wetlands, riparian, and aquatic communities. Thus, managing
forested landscapes typicdly involves the use of avariety of silvicultural regimes that depend upon land-
use, management objectives, regulatory restrictions, ownership, and stewardship. Understanding how
the spatial and tempord arrangement of ecosystems within the landscape affects the vegetation, wildlife
habitats, biogeochemica cycles, and water qudity is essentia to understanding how landscape functions
are governed and, perhaps more importantly, to understanding how landscapes should be managed to
ensure the sugtainability of inherent functions, especidly productivity, habitat, water resources, and
wood products. However, there are no commonly agreed upon criteria and methodol ogy to assess
forest hedlth at the landscape level. In addition, for landscape indices to be useful, we must be able to
show relationships between specific landscape metrics or indices and specific ecosystem functions (e.g.,



habitat suitability indices). New approaches and integrated assessment tools need to be devel oped for
andyses that incorporate science, land use, policy options, and government requlations into assessments
of sustainability of forest hedlth and resources on landscape scaes (Problem 4).

The solution to Problem 4 will provide land manegers, policy makers, and regulators with tools needed to
redlize the god of sugtainable management -- management of ecosystems to sustain desired landscape
functions. The net benefit to society will be a system of decision support tools that can be used to evaluate
dternative management srategies for sustainable timber production and ecosystem functionsin forested
wetlands. Thetheoretical framework and andytica tools have been sufficiently developed in the discipline
of landscape ecology such that, when coupled with strong empirical data base on wetland ecology &t the
Center, significant advancesin the study of forested wetland landscapes can be made. Fiveto ten years
with 2.0 full time scientists supported by the work unit and cooperative funds or grants at an average annud
budget of $400K will be required to address this problem. Sponsored funds support 0.75 scientist FTE for
this Problem; if those funds are not sustained progress on this Problem will be significantly impacted.

10. APPROACH TO PROBLEM SOLUTION

Problem 1. Thereisacritical need for research on fundamental biotic and abiotic processes and
functionsin forested wetland landscapes.

Research in this Problem Areawill address criticad knowledge gapsin plant biology, community dynamics,
ecology and hydrology in wetlands by conducting field and greenhouse studies. Research addressing those
needs will initidly depend on ongoing fied studies, including those on the Santee Experimental Forest, the
Coosawhatchie Bottomland Ecosystem Study, the ACE Basin Research Site, the Pee Dee Basin and the
Savannah River Site. Studies of basic physiological, ecophysiologicd, ecologica and physica processes,
such as root adaptation to hypoxia, gas exchange, nutrient uptake, carbon alocation, above- and bel ow-
ground production and turnover, nutrient cycling, and decomposition, will be conducted in fields,
greenhouses, and the hydro- edaphytron.

Accomplishments planned for the next 5 years:

1. Establish reference forested wetlands where complete ecological profileswill be quantified. Reference
wetlands are needed for comparison in determining the influence of land management activities on
ecosystemn functioning (Problem 2) and assessment of restoration success (Problem 3). Ecological profiles
will be developed for selected forested wetland communities (i.e., bottomland hardwoods, mixed pine
hardwoods, pineflas, CarolinaBays, pocosins) on different physiographic postions. These profiles will
include vegetation, soil, water, and habitat information that are useful to forest land managers. Planned
gudiesincude:

A study to characterize the structure and function of blackwater bottomland hardwood systems
using biotic and abiotic assessments based on field research.

2. Water isthe driving force in wetland ecosystem processes, yet wetland hydrology remains poorly
undersiood. Research in planned to determine the hydrologic function of the mgor wetland types, and to



link hydrologic information to process-leve studies on vegetation dynamics, nutrient cycling, carbon
sequestration, and habitat. Specid consideration will be given to the trangport functions, consdering the
Ilnkages between uplands, wetlands and aquatic communities. Specific sudies planned include:
Characterization of the hydrology in riverine and depressiona wetlands.
Development of ahydrologicd modd for small forested coastd plain watersheds using the
research watersheds on the Santee Experimental Forest.
Development of hydrologic smulation modes for depressond wetlands and dendritic drainage
systems.
A study to evauate materid transport in hardwood forest riparian zones and buffer zone
processes important in riparian zone management.
A study to quantify carbon and nitrogen export from managed forests and their relationshipsto
buffer zone processes.

3. Wetlands are important carbon sinks. Research is planned to determine the mechanisms controlling
carbon sequedtration in wetlands. Rates of organic matter accumulation will be sudied using stable isotope
technology. The combined information will be used assess potentia impacts of globa and regiona stressors
on soil carbon sequedtration.  Specific studies will include:

Determination of the interactions of temperature and redox on organic matter turnover.

A sudy on the influence of fire on C sequestration in wet mineral and organic soils.

Determine the primary sources of organic matter to the soil organic matter pool.

Develop a soil carbon model for wetland soils.

The modeling work is dependent on sponsored funds, accordingly progress will be determined by available
funds.

4. Evauate functions of below ground processes in forest hedlth in wetlands and document contributions of
root production to forest productivity. Below ground process are critical to nutrient and water availability,
biodiversty, soil chemica and physical properties, and forest productivity. These processes will be
documented for hardwood and conifer wetland forests. Root properties related to root functioning
(phenology of growth, length, surface area, growth rate, production and mortdity), mycorrhizae, and root
interactions will be quantified and compared with aboveground growth parameters in forested wetland
communities. Planned studies include:

A study of controlled experiments in the hydro-edaphytron to quantify influences of hydrologic

and soil conditions on root morphology, turnover, and physiologica responses of the principa

wetland tree species.

A study of root dynamics in bottomland hardwood forests,

A study of factorsthat control root decompaosition.

The root turnover sudy in the hydro-edaphytron is dependent on sponsored funds, accordingly progress
will be determined by available funds.

5. Determine how environmentad factors (hydrology, light quantity and quaity, seed and propagule
avalability, and competitive interactions) and land use (past agricultura activity, logging history, changesin



hydrology, and restoration practices employed) contribute to community composition and dynamicsin
unmanaged forests of the coastal plain (e.g., mixed species bottomland hardwoods, mixed pine-hardwoods,
and wet pine Ste-types). Forest community structure will be related to hydrology, soil parameters, canopy
gap size, and land use and restoration practice in bottomland hardwood and swamp forests. Studies of
seed bank composition and woody plant regeneration will be conducted. Findly, amodd will be

devel oped to predict growth responses of major wetland forest tree species to competition and
environmenta factors. Planned studiesinclude:

An analysis of gap dynamics and regeneration in bottomland hardwood forests.

6. Identify physiologica processes that contribute to waterlogging tolerance in woody species. Thistask
will be accomplished in studies to be conducted in the hydro-edaphytron that rdate to physiological
processes such as root respiration, shoot gas exchange, nutrient uptake, and biomass partitioning to
productivity. The facility will also be used to test for indicators that can be used in evauating genetic
controls of flooding tolerance. Planned studies include:

A study to determine physiologica adaptations of the principa wetland tree species to soil
waterlogging.
Thiswork is dependent on sponsored funds, accordingly progress will be determined by available funds.

7. Develop approaches for evauating non-commodity vaues of forested wetlands. Planned sudiesinclude:
A study to develop vauation procedures for norn-commodity resources.
Thiswork is dependent on sponsored funds, accordingly progress will be determined by available funds.

8. Develop indicators of forest health based on the above accomplishments. The indicators will be based
on field studies, experiments, and published literature and linked to process moddls. Planned sudies
indude:
A synthesis of ecologica processes, structure and functions of bottomland hardwood forests.
Development of a successond mode for bottomland foredts.

Environmenta consderations: Most of the Sudiesin this problem area are expected to have little or no
potentia for soil movement, water quaity degradation, or impact on sengtive resource vaues and are
therefore covered under FSH 1909.15, Chapter 30, “Categorica Exclusion from Documentationin an EIS
or EA.” Where environmenta concerns exist regarding particular sudies (e.g., research involving the use of
herbicides), environmental congderations will be evauated within individua study plans, or by
Environmenta Assessments or Environmental Impact Statements prepared with and gpproved by
cooperating Didrict or Forest gaffs. For research involving possible conflict with permitted activitiesin the
areas under Section 404 of the Clean Water Act of 1977, environmenta considerations will be evauated
within individua study plans, or by Environmental Assessments or Environmental Impact Statements
prepared with and approved by appropriate staffs of the Forest Service or permitting agencies. If any of
these studies have the potentia to affect aplant or animal speciesthat is Federdly listed as endangered or
threatened or proposed for such ligting, the RWU will consult with the US Fish and Wildlife Service as per
Section 7 of the Endangered Species Act of 1973, as amended.
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Problem 2. Managing complex wetland landscapes requires a detailed under standing of the
functional linkages between management practices and ecosystem pr ocesses.

The research approach will use knowledge of stand development processes of forested wetlands to devise
and test ecologically sound methods for harvesting, regeneration, and intermediate stand tending practices to
meet landowner management objectives. The premise for this gpproach is that the biologica and ecological
principles that govern natura and planted stand devel opment must be taken into account to develop
dlviculturd techniques that will maintain ecosystem structure and function. Successful research will enable
formulation of sustainable slvicultura prescriptions that optimize tree growth and stand yield, and dlow
harvest of qudity timber and Smultaneously provide for non-consumptive uses of the forest resources and
sugtainability of ecosystem functions. Studies of sivicultural systems will use an interdisciplinary gpproach to
enable the assessment of forest production, environmenta qudity, and sustainability questions.

Accomplishments planned for the next 5 years:

1. Design and indd| long-term studies to test new approaches to silviculture of coastal plain conifer and
hardwood wetlands. These studies will be based on biologica and ecological principles of stand
establishment, growth, and development, and will be designed to quantify responses of vegetation, wildlife,
soil, and water to treatments applied in bottomland hardwood stands, conifer and hardwood plantations,
mixed pine-hardwood stands, and swvamps and fens. Approaches will consider both intensive management
regimes designed to increase yield per unit area, and management involving natural regeneration and stand
tending. The principa factors of sustainability to be consdered will include nutrition, organic matter,
hydrology, soil physica properties, and physiology and genetics. Planned studies include:

A watershed-scale assessment of ecosystem dynamics in an agrading lower

coastal plain forest -- a paired watershed study on the Santee Experimental

Forest.

A study of sustainability of short-rotation woody crop plantations --

considerations on soil productivity and water resources.

A study of silvicultural impacts on sustainability of hydric soils.

A study to evaluate the effects of different regeneration methods on the structure

and function of bottomland hardwood forests.

A study on the recovery of soil C pools following harvesting and plantation

establishment.

2. Use the data obtained from the fidld studies to evauate the suitability of existing growth and
biogeochemicad moddsfor predicting responses in productivity and nutrient cycling to siviculturd
prescriptions (e.g., NUCM, TWIGS, BYPS, SWAMP, FORFLOW, PTAEDA). Sdlect the appropriate
model (s) and modify and caibrateit to provide a prediction system for use in coastd plain forested
landscapes. Planned studies include:

A study to evaluate and customize growth and development models for use in
southeastern forested landscapes.

Thiswork is dependent on sponsored funds, accordingly progress will be determined by available funds.
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3. Publish practicd guiddinesfor slviculturd prescriptions for use in bottomland stands and mixed pine-
hardwood stands. Guidelines will address productivity, water resources and wildlife habitat, and
economics. Planned studies include:

An update of the hardwood regeneration guide.
A synthesis of harvesting and site preparation impacts on forested hydric soils.

4. Develop and evduate buffer zone management systems for water qudity, non-point source runoff into
wetlands and aguatic ecosystems. Planned studies include:

A study of the effectiveness of buffer zone configurations for managed forest
stands.

This work is partialy dependent on sponsored funds, accordingly progress will be determined by available
funds.

5. Characterize the sustainability of avifauna and herpetofauna habitat in association with wetland
dlviculture. Panned studies include:

A study of avifauna use of managed bottomland hardwood forests.

Testing of the BIRDHAB model applicability for site assessment and
management.

Development of habitat attribute models for wildlife in forested landscapes of
the southeastern US.

The wildlife work is dependent on sponsored funds, accordingly progresswill be determined by available
funds.

Environmenta consderations: Mogt of the studies in this problem area are expected to have little or no
potentia for soil movement, water quality degradation, or impact on sendtive resource values and are
therefore covered under FSH 1909.15, Chapter 30, “ Categoricd Exclusion from Documentation in an EIS
or EA.” Where environmental concerns exist regarding particular sudies (e.g., research involving the use of
herbicides), environmental consderations will be evauated within individua study plans, or by
Environmental Assessments or Environmenta Impact Statements prepared with and approved by
cooperating Didtrict or Forest staffs. For research involving possible conflict with permitted activitiesin the
aress under Section 404 of the Clean Water Act of 1977, environmental considerations will be evauated
within individua study plans, or by Environmental Assessments or Environmental Impact Statements
prepared with and approved by appropriate staffs of the Forest Service or permitting agencies. If any of
these studies have the potentid to affect a plant or animal speciesthat is Federally listed as endangered or
threatened or proposed for such ligting, the RWU will consult with the US Fish and Wildlife Service as per
Section 7 of the Endangered Species Act of 1973, as amended.

Problem 3. Restoration of wetlands and riparian zonesrequir es both new technologies and
indicator s of ecosystem health.

Research in this problem areawill address two issues of wetlands restoration. First, experimentswill be
conducted to determine Site requirements for establishment of wetland species, including (a) Site preparation
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and disturbance amdlioration, and (b) interactions among target species, competition, and cover crops.
Protocols for site assessment will be developed to provide the land manager with sufficient information to
determine what functions arestored site should be able to perform within the congraints of the Ste location
and hydrology. Ongoing research at the Center and new collaborative efforts with other RwWUs and
agencies will be used to meet this objective. Second, an assessment framework will be developed that
consgts of indicators or indices of ecosystem hedth to signify the success of the retoration project. This
research will be based on a recently developed conceptud framework and will be refined by studying new
and recently restored sites, and agrading forested wetland communities. A mgor component of thiswork
will be conducted a the Savannah River Ste in collaboration with the Savannah River Forest Station and
Westinghouse Savannah River Technology Center.

Accomplishments planned for the next 5 years:

1. Determine biotic and abiotic conditions and interactions that are necessary for successful surviva of
planted trees on wetland sites. Responses of species, especialy seedlings, to the interactions of hydrology,
fertlllty and competition on various sites will be sudied. Planned sudies include:
A study of differentia responses of gpeciesto competition from both herbaceous understory
and woody overstory and to site hydrology in terms of seasona timing and duration of flooding,
depth of flooding, and cycles of drought and flooding.
A sudy of differentia responses of seedlingsto fertility in terms of sediment source (red versus
black rivers), minerd deficiencies and toxicities, mineral soils versus higtic soils,
hydrogeomorphic properties, and the presence or absence of soil fungi and microbes.
A sudy of the role of mycorrhizae in seedling establishment.
A study of the effect of herbivory and the use of cover crops on surviva and establishment of
hardwood tree species.

This work is dependent on sponsored funds, accordingly progress will be determined by available funds.

2. Develop guiddlines for re-establishing trees on wetland sites and for amdlioration of soil damages.
Manned sudiesinclude:
- A study of competition control such as herbicide application, prescribed fire, and Site water
manipulations.
A study of regeneration techniques--naturd versus artificid regeneration and seeding versus
planting seedlings.
A study of appropriate spacing and pre-plant seedling trestments such as inoculation with
mycorrhizal fungi, root pruning, and shoot dipping.

Thiswork is dependent on sponsored funds, accordingly progress will be determined by available funds.

4. Develop and test an assessment framework that can be used to determine the effectiveness of wetland
resoration projects. Researchin thisareawill identify key features of wetlands that are indicative of its
current function and future persistence and functionality on the landscape. Indicators that show up in the
short-term will be more vauable than those showing up after 15 or 20 years. Also the timing of
assessments in terms of seasondity may be important. Planned studies include:

A study of the effectiveness of restoration projects in bottomland forests.

Development of methods for restoring Carolina Bays.
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A study of functiond linkages between aquatic ecosystems and restored riparian zones.
Development of indicators and indices of ecosystem hedlth that can provide a means of
quantifying restoration success.

Environmenta consderations: Mogt of the studiesin this problem area are expected to have little or no
potentia for soil movement, water quality degradation, or impact on sendtive resource vaues and are
therefore covered under FSH 1909.15, Chapter 30, “Categorica Exclusion from Documentationin an EIS
or EA.” Where environmenta concerns exist regarding particular studies (e.g., research involving the use of
herbicides), environmental consderations will be evauated within individua study plans, or by
Environmenta Assessments or Environmental Impact Statements prepared with and gpproved by
cooperating Didtrict or Forest saffs. For research involving possible conflict with permitted activitiesin the
areas under Section 404 of the Clean Water Act of 1977, environmenta considerations will be evauated
within individua study plans, or by Environmental Assessments or Environmental Impact Statements
prepared with and approved by appropriate staffs of the Forest Service or permitting agencies. If any of
these studies have the potentid to affect a plant or animal speciesthat is Federally listed as endangered or
threatened or proposed for such listing, the RWU will consult with the US Fish and Wildlife Service as per
Section 7 of the Endangered Species Act of 1973, as amended.

Problem 4: New approaches and integr ated assessment tools need to be developed for analyses
that incor por ate science, land use, policy options, and gover nment requlations into assessments
of sustainability of forest health and resour ces on landscape scales.

This Problem Areawill develop spatidly explicit modds that can quantify the functiond linkages among
ecosystems in the landscape and be used to eva uate economic and ecological effects of forest
management at the landscape levd. Given the increasing demands being placed on alimited land base, we
must be able to address the question: How can we manage landscapes to obtain maximum benefits while
ensuring the integrity of the nature resources on which these benefits are based. We will dso address
research topics that have both theoretica and practica implications, such as how to assess forest hedlth
and measure habitat suitability at the landscape levd. The landscape research initiative a the Center will be
based on long-term data sets from the experimentd forest, remotely sensed data bases, ongoing large-
scae fidd experiments, the Center’ s process-oriented studies, and support of and collaboration with
private industry and other agencies.

Accomplishments planned for the next 5 years:

1. Develop criteria and methodology of forest health assessment with the help of spatia landscape models.
This accomplishment defines the generd direction of the Center’ s landscape initiative. Information about
ecological processes of forested wetlands (Problem 1), ecologicaly sound slvicultura prescriptions
(Problem 2), and regeneration and restoration of forested wetlands (Problem 3) will be needed for the
mode development and testing. Thus, the landscape research will integrate research activities from the
other three Problem Areas of the Center. Planned studiesinclude:

A synthes's of studies on ecosystemn functions and processes, slviculture, and restoration of
forested wetlands to address large-scale issues about sustainability of natural resources.
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This work is partidly dependent on sponsored funds, accordingly progress will be determined by available
funds.

2. Develop ageneric, GIS-based mode that can be used to evauate economic and ecological effects of
forest management on wildlife habitats at the landscape level. This landscape modd has four maor
components (Fig. 2): (a) astand model to predict tree growth, (b) a habitat attribute model at both the
stand and landscape scales to estimate habitat attributes of each stand and of the landscape, (¢) a habitat
suitability modd at the landscape scale to caculate habitat suitability indices for functiona groups of
gpecies, and (d) alandscape spatid information system to combine the above models in space and time.
Panned sudiesinclude:

Devedopment of amodd for landscape evauation of effects of management activities on timber
and habitat (LEEMATH).

3. Develop modelsto predict changes in habitat attributes at multiple scales during the course of stand
development in pine plantations, mixed pine hardwoods, and bottomland hardwoods. Habitat attribute
dynamicsis essentid to assessment of effects of forest management on wildlife at the landscape level, and
habitat attribute models are key to linking stand growth information to wildlife habitat qudity. Planned
gudiesinclude:

Development of expert syslems of habitat attribute dynamics that may conss of ether alarge
tabulated data base or a set of empirical models relating habitat attributes (e.g., canopy
closure, density, understory, favorable edge) to stand characteristics (e.g., age, type, density,
Slviculture treetment higtory).

Deveopment of integrated and process-based models of habitat attributes at within-stand,
stand, and landscape scaes.

This work is partidly dependent on sponsored funds, accordingly progress will be determined by available
funds.

4. Design landscape measures of habitat suitability and establish their relationships to actua habitat
requirements of some target species. Landscape indices of habitat suitability need to be developed to
reflect spatia configuration of the landscape (e.g., juxtaposition, edge, nearest neighbor distance, patch
sze) and evaduated for their effectiveness with respect to ecosystem processes. Planned studies include:
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Evauation and design of landscgpe metrics of habitat suitability thet reflect the habitat
requirements of target species.

5. Develop models smilar to LEEMATH that can be used to address other aspects of natural resource
management (e.g., water quality, recreational values). Such models may consst of modules of stand
growth, soil, hydrology, sedimentation, and biogeochemistry. Planned studies include:
Development of amode that can be used to evauate economic and ecologica effects of forest
management on water qudity at the landscape leve.

Environmenta consderations: Mogt of the studiesin this problem area are expected to have little or no
potentid for soil movement, water quality degradation, or impact on sendtive resource values and are
therefore covered under FSH 1909.15, Chapter 30, “ Categorical Exclusion from Documentation in an EIS
or EA.” Where environmenta concerns exist regarding particular udies (e.g., research involving the use
of herbicides), environmenta consderations will be evauated within individud study plans, or by
Environmental Assessments or Environmenta Impact Statements prepared with and approved by
cooperaing Didtrict or Forest gaffs. For research involving possible conflict with permitted activitiesin the
areas under Section 404 of the Clean Water Act of 1977, environmenta congderationswill be evaluated
within individua study plans, or by Environmenta Assessments or Environmenta Impact Statements
prepared with and approved by appropriate staffs of the Forest Service or permitting agencies. If any of
these studies have the potentid to affect aplant or anima speciesthat is Federaly listed as endangered or
threatened or proposed for such listing, the RWU will consult with the US Fish and Wildlife Service as per
Section 7 of the Endangered Species Act of 1973, as amended.

11. COOPERATION

The Center is staffed to lead research within the four Problem Areas. However, the research questions
often necessitate expertise, capabilities, or saffing levels that are beyond that which is available at the
Center. Those deficiencies are dleviated through joint research programs with scientists at other Forest
Service Research Work Units, universities, federal and state agencies, and private industry (see Table
1).

Collaboration is organized in two forms. Thefirdt is Forest Service-lead projects where cooperators
satisfy specific discipline or saffing needs. This approach is commonly needed to assemble
interdisciplinary teams. Scientists in the disciplines of wildlife biology, economics, socid sciences,
ecology, and hydrology are frequently used. The second form is where Center Seff participatein a
research team on projectsthat are lead by cooperators. In this case, staff are contributing expertiseto a
project that has relevant outcomes to the Center’ s mission and the Station’ s cross- cuitting themes.
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Table 1. Cooperatorswith the Center for Forested Wetlands Resear ch effective January

1997.

Cooperators

Location

US Forest Service

Center for Bottomland Hardwood Research

Stoneville, MS

Fire Behavior Laboratory Missoula, MT
Soil & Water Management Laboratory Boise, ID
Savannah River Forest Station Aiken, SC
Croatan National Forest Croatan, NC
Francis Marion National Forest Columbia, SC

Forest Soil Productivity

Research Triangle Park,
NC

Southern Global Change

Raleigh, NC

Other Federal Agencies

Biological Resource Div., USGS

Lafayette, LA;
Nacogdoches, TX

Corps. of Engineers

Vicksburg, MS

Water Resource Div., USGS

Columbia, SC; Reston, VA

Oak Ridge National Laboratory Oak Ridge, TN

Environmental Protection Agency Atlanta, GA

Savannah River Ecology Laboratory Aiken, SC
Universities

Auburn Univ. Auburn, AL

Clemson Univ.

Clemson, SC

College of Charleston

Charleston, SC

Florida A&M

Tallahassee, FL

Medical University of South Carolina

Charleston, SC

Michigan Technological Univ. Houghton, Ml
North Carolina State Univ. Raleigh, NC
University of Delaware Newark, DE
University of Florida Gainesville, FL
University of Georgia Athens, GA
University of Idaho Boise, ID

University of South Carolina

Columbia & Aiken, SC

University of Tennessee

Knoxville, TN

Virginia Tech. Univ.

Blacksburg, VA

Industry

Westvaco

Summerville, SC

Union Camp

Savannah, GA

International Paper

Bainbridge, GA

Westinghouse Savannah River Technology

Aiken, SC
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Center
Non-Government Organizations

Tall Timbers Tallahassee, FL
Audubon Summerville, SC
12. STAFFING

This research program requires an average of 8 scientidts per year, dthough additiond gaffing is
warranted. Didribution of scientist FTE's through the next 5-year term is asfollows:

Problem Scientist Years per Year
Area
1 2 3 4 5

1 2.0 2.0 2.0 2.0 2.0
2 2.0 2.0 2.0 2.0 2.0
3 2.0 2.0 2.0 2.0 2.0
4 2.0 2.0 2.0 2.0 2.0

Totds 8.0 8.0 8.0 8.0 8.0

Five permanent full-time scientists, one of whom is project leader, are presently supported in the basic
RWU budget. The balance of the scientists positions are redized through term or post-doc
gppointments, or additiona permanent gaff if program funding isincreased. The FY 97 scientist saffing
plan included 7 scientists (5 permanent, 2 post-docs).

Permanent support staff at the Center include 4 professond, 2.5 technicd, 1.5 adminidtrative and 1
facility FTEs. The Center dso employs term professonal and technica support staff, student assstants
and graduate students to augment overall program staffing needs; those positions are supported entirely
on sponsored research funds. Those gaffing levels average 5 technica / professond support positions,
5 student assistants, and 5 graduate students. The Center also uses three part-time postions through
the Department of Labor’s Senior Citizen Program.

13. ECONOMIC ANALYSIS

The projected base funding required for this research program are approximately  $1.6 million per year.
The FY 96 base appropriations to the Center were approximately $900K with an additional $200 of
Ecosystem Management funds. This amount is approximately the sameasin FY94 and FY95. In

FY 96 agency appropriations supported approximately 70% of the Center’ s research program.
Accordingly, sponsored funds are required to sustain the research program.  Increased competition for
smaller pools of sponsored research funds promises to be an ongoing challenge for the Center’s
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scientists. The program as planned and budgeted is tenable given the track record of the scientists, and
opportunities afforded by current research program and facilities. However, sustained Forest Service
appropriations at FY 97 levels are essentia as a de-minimus to leverage research programs, and
increased funding is highly recommended to ensure attainment of both the goals of the Center and the
Station’s CCTs.

Edtimated annua costs (thousands of dollars) for the Center during the five year period (cost basis is
$200K per scientist-year plus 2% inflation each subsequent year). This budget reflects effectively
congant funding levels with only 2% inflation increase in appropriated funds. Differences between
estimated annua costs and Appropriated Funds would be covered by funding from outside sponsors.

Problem Y ear
Area
FY98 FY99 FY00 FYO1 FYQ2
1 400 412 424 437 450
2 400 412 424 437 450
3 400 412 424 437 450
4 400 412 424 437 450
Totals 1,600 1,648 1,696 1,748 1,800
Appropriated
Funding Plan 1,115 1,145 1,168 1,191 1,215

* k%
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