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9. JUSTIFICATION AND PROBLEM SELECTION

Bottomlands comprise a diverse set of forest ecosystem types, which occur mostly in the floodplains of major rivers and their tributaries within the broad coastal plain stretching from Virginia to Texas.  Bottomland hardwood forests of the South have been termed an “endangered ecosystem” and illustrate the complexity of management challenges at multiple scales that forest managers around the world must face.  Bottomland hardwood and wetland forests account for 15%, or 30 million acres, of the total forestlands in the southeastern United States (hereafter, the South).  More than 90% of these forests are privately owned.  Non-industrial private landowners account for 66%, and the forest industry owns about 25%.  About half of the wetland resource in the U.S. occurs in the South, and the majority of these wetlands are forested.

The forested wetland resource is an integral component of the commercial forest resource in the South, where high rates of timber and fiber biomass production are possible without compromising environmental values.  Southern bottomland hardwood forests contain about 45 billion cubic feet of growing stock, of which 26 billion cubic feet (160 billion bd. ft International ¼ in. scale) are in sawtimber.  The use and value of southern hardwoods in general have increased as the demand for hardwood lumber and pulpwood continues to rise.  This increased demand comes at a time when volume of high-quality hardwood sawtimber may be locally scarce and slow regeneration rates are a problem for most high-value species.  In response, many landowners seek to manage their forests more intensively.

Bottomland hardwood forests provide critical benefits that are fundamental to ecosystem health at many scales.  These forests provide important environmental functions that protect freshwater resources, and they represent wildlife and aquatic habitats of national and global importance.  Because bottomlands are so productive, many of the forests they support have been cut and the land converted to agricultural uses.  In fact, from the early 1800’s until the early 1980’s, about 80% of the 24 million acres of bottomland hardwood forest in the Lower Mississippi Alluvial Valley (LMAV) underwent this conversion.  Accordingly, the remaining bottomland hardwood forests are a critical economic and ecological resource.  Currently, there is great interest from the Department, the Agency, various nongovernmental organizations, and to a degree, private landowners to reestablish forests on a greater portion of the LMAV.  Any restoration of forests by afforestation of agricultural land needs to be done strategically so as to reap the maximum ecological and economic benefits.  Research needs to provide private and public decision makers with cost-effective, financially viable, and ecologically sound management systems.

In addition to the conversion that has reduced bottomland hardwood forests to a fraction of their original extent, much of the remaining southern bottomland hardwood and wetland forests have deteriorated in species composition, quality and growth potential.  Anthropogenic factors contributing to this chronic degradation have included alteration and impairment of hydrologic systems, establishment of invasive plant and pest species, and, particularly, extensive cutting without regard for proper silvicultural practices.  For example, stand degradation often results from practices such as diameter limit cutting and the resulting stand development patterns that favor recruitment of slow-growing, shade tolerant species of less value for wildlife and timber.  Such practices are especially detrimental to regeneration of oaks, which as a group are the most ecologically and economically valuable component of bottomland hardwood stands.  Because of many unknowns related to periodicity of mast production, longevity of seeds in seed banks, and environmental requirements for germination and seedling growth, managers cannot accurately predict species composition of future stands resulting from natural regeneration, or be assured that the new stand will contain acceptable numbers of stems of preferred species.  If natural regeneration fails, there is a lack of proven information on which to make recommendations for remedial actions.  Further, efforts to establish sustainable plantations on former agricultural land, either for purposes of forest restoration or for dedicated bioenergy feedstock production, are hampered by a lack of proven techniques and guidelines that ensure successful artificial regeneration, particularly on adverse sites subject to flooding.

Many aquatic habitats in bottomland hardwood forests in the southeastern U.S. have been drastically altered directly, as a result of hydrological alterations for flood control, agriculture, and water storage, and indirectly, as a result of other land uses.  Channelization of rivers lacking bedrock channel controls has propagated channel incision upstream into the extreme headwaters of many drainages.  In addition, urbanization, forestry, agriculture, resource extraction, species introductions, and the effects of climate variability increasingly influence water quality and quantity and aquatic habitats throughout the southeastern U.S.

Forested watersheds in the South increasingly serve as the last refugia for many sensitive species of birds, nongame fishes, mussels, crayfishes, herpetofauna, and other riparian-dependent wildlife.  Bottomland hardwood forests provide breeding or wintering habitat for 176 bird species; even larger numbers of Neotropical and northern migratory bird species use these forests as vital migratory habitat.  About 28% of southern U.S. fishes are classified as endangered, threatened, or vulnerable; over 70% of native freshwater mussel taxa are imperiled; and 48% of southern crayfishes are endangered, threatened, or of special concern.  Clearly, the fate of southern forests, and the waters they produce, will play a vital role in the maintenance and recovery of the region’s biodiversity.

Many endemic and sensitive aquatic and terrestrial species, particularly warmwater fishes, freshwater mussels, crayfishes, herpetofauna, and migratory birds, are dependent on aquatic and riparian habitats to complete critical aspects of their life cycles.  There is concern that additional loss and fragmentation of bottomland and riparian forests, coupled with climate change, will further imperil the integrity of these faunal groups.  Defenders of Wildlife identified southern-forested wetlands as one of the 21 most endangered ecosystems in the United States.  Partners in Flight identified bottomland systems across the South as the highest priority habitats for maintenance of breeding populations of Neotropical migratory birds, as well as staging habitats for these birds during migration.  Less well recognized is the vital role that bottomland hardwood forests and associated ecosystems play as nonbreeding habitat for short-distance intracontinental migratory birds during the winter.  In separate assessments, The Nature Conservancy and Defenders of Wildlife identified the southeastern US as having high to extreme risk for significant loss of aquatic biodiversity, most of which is associated with rivers and streams in the region.  These groups regard sustained conservation actions in the region as vital to maintaining a significant proportion of the freshwater fauna of the United States with emphasis on native fishes, freshwater mussels, crayfishes, and herpetofauna.  Numerous southeastern species associated with aquatic or riparian habitats are listed or currently petitioned for listing under the U.S. Endangered Species Act.  Many of the petitioned species are categorized as “Data Deficient” by the International Union for Conservation of Nature and Natural Resources (IUCN).  Nongame animals, both aquatic and terrestrial, are integral components of bottomland hardwood forests and upland riparian systems and need to be treated as such by land managers.  The occurrence, abundance, and relative health of birds, herpetofauna, warmwater fishes, crayfishes, and freshwater mussels are all indicators of ecosystem health and integrity and are individually and collectively vital to sustaining healthy ecosystems.

Existing bottomland hardwood and wetland forests are under intense stress due to increased demand and utilization.  These forests are critical to the role of floodplains in regional hydrologic cycles, and they maintain water quality by acting as important sinks for excess nutrients and sediment.  Owing to their characteristically high net primary productivity, these forests also support a diverse biota that includes sensitive, threatened, and endangered species.  Managing existing forested bottomlands, and restoring additional bottomland habitat, requires a thorough knowledge of how these ecosystems function, as well as how and at what scales they interact with adjacent non-forested landscapes.  Sustainable forest utilization requires a quantitative understanding of the dominant physical, chemical, and biological processes that define specific bottomland hardwood and wetland forest types.

Hydrology is the driving force in bottomland forests, thus large-scale alterations of hydrologic patterns (such as river regulation) stress the energy signature of these ecosystems and impact ecological functions.  Managing ecological functions in bottomland forests further requires an understanding of the hydrogeomorphic forms and hydrologic processes within adjacent upland areas.  In the Mid-South, uplands consist of hilly to mountainous forested landscapes that provide important water, sediment, and nutrient inputs to downstream bottomland forests.  Utilization of upland forests for wood products, conversion to non-forest uses, and recreation can directly affect upland soils and hydrology thereby changing the magnitude, quality, and timing of inputs to bottomland forests.  More information is needed on how various utilization activities affect upland forests and their outputs to bottomland ecosystems, and how predicted climate change can impact these processes.

Public and private land managers also need effective restoration techniques to recapture wetland functions that were lost when forest lands were converted to agriculture.  Refining our understanding of ecological processes can facilitate the success of restoration efforts.  For example, there have been substantial efforts to restore bottomland hardwood forests on large acreages of economically marginal farmland in the LMAV.  It is estimated that more than one million acres of such farmlands in the LMAV have been planted in trees over the past 25 years, yet the results of these efforts are still not well documented.

To accomplish our program of research, tasks have been organized into four broad Problem Statements described under the mission:

Provide the scientific basis to manage southern bottomland hardwood and wetland forests and associated stream ecosystems for a sustained yield of forest products and other desired values.

Problem 1.  Produce the biological and ecological knowledge needed to advance sound silvicultural practices for regeneration of bottomland hardwood forests.  A more complete understanding of how plants reproduce and stands regenerate in bottomland ecosystems is needed to sustainably manage bottomland hardwood forests for desired goods and services.  Expertise in seed biology, plant reproductive ecology, seedling ecophysiology, and regeneration silviculture will be utilized to conduct comprehensive investigations that lead to improved success in regenerating bottomland hardwood forests.  Landowners, managers, and policy makers will gain reliable solutions for rehabilitating degraded stands of natural bottomland hardwoods and restoring forests on bottomlands impacted by deforestation.  Efforts will concentrate on oaks and other bottomland species and forest types of high ecological and economic importance, as well as bottomland species and forest types of conservation concern.  Specific problems are as follows:

Problem 1a.  Expand understanding of the reproductive ecology and seed biology of overstory, midstory and understory species occurring in bottomland hardwood forests.  Knowledge of reproductive ecology and seed biology is needed to improve our ability to forecast masting events, assess seed quality, understand seed bank dynamics, and quantify germination potential in bottomland hardwood forests.

Problem 1b.  Advance knowledge of seedling ecophysiology and environmental determinants of establishment and growth in bottomland systems.  A more complete understanding of seedling stress physiology and acclimation relative to biotic and abiotic environmental factors in bottomlands will enable identification of site and stand conditions that promote seedling establishment, growth and competitive strength.

Problem 1c.  Improve methods to predict the effect of regeneration treatments on species composition and stand structure, with emphasis on oak and other targeted bottomland hardwood species recruitment.  Understanding the impacts of regeneration treatments on early stand dynamics in bottomland hardwood forests will elucidate seedling recruitment and stand development patterns that determine species composition and stand structure, and enable design of reliable silvicultural pathways for attaining targeted species compositions and stand structures.

Problem 1d.  Develop technologies and practices for establishing sustainable bottomland hardwood plantations on marginal agricultural land.  Knowledge discovery and development that advances new technologies and practices for bottomland hardwood afforestation, including plantation design, species suitability, genetic resources, site preparation, planting stock quality and plantation maintenance, will increase establishment success and underpin sustainability.  

Problem 1e.  Explore genetic foundations of bottomland hardwood forests.  Knowledge of the genetic foundations of bottomland hardwood forest ecosystems is needed to manage for conservation of genetic resources and inform strategies that promote restoration and establishment of resilient ecosystems.

The unit has the facilities, personnel, and equipment to successfully analyze and solve Problem 1a-d. However, any new research, such as entering the field of forest population genetics, as in 1e, will require new personnel and funding.

Problem 2.  Improve silvicultural systems and develop better information on growth and yield, stand development, and the management of insect and disease problems to provide a sustainable yield of desired multiple-use benefits from bottomland forests.  In bottomland hardwood forests of the South, sawtimber-sized stands outnumber poletimber and sapling-seedling stands by three to one, providing many challenges to forest managers faced with growth declines and increasing levels of mortality in aging stands.  National and international demand is increasing for hardwood lumber, pulpwood and chips for biofuels.  Future hardwood fiber demand is being met in part by the development of intensively managed fiber farms near processing facilities.  Major insect and disease pest problems must be overcome for these fiber farms to be successful on a commercial scale, and techniques are needed to avoid or mitigate adverse environmental impacts.  In response to this increased demand on the southern bottomland hardwood resource specific problems to be addressed are as follows:

Problem 2a. Forest managers need practical silvicultural guidelines and appropriate quantitative tools to effectively manage bottomland hardwood and wetland forests for sustainable yields of forest products and other desired values.  The ability to accurately predict the responses of individual trees and stands to various silvicultural prescriptions will allow forest managers to make scientifically sound, economically desirable management decisions.  To encourage the successful adoption and implementation of our silvicultural guidelines and quantitative tools to sustain the health and productivity of our southern bottomland hardwood and wetland forests, they must have a strong science foundation, must be practical, and must be environmentally sound.

Problem 2b.  Forest managers lack enough information about pest problems to manage healthy sustainable bottomland hardwood and wetland forests.  Managers of hardwood forests, especially associated with commercial interests, need the means to detect and identify specific insects and diseases in living hardwood trees or in harvested logs and lumber and mediate their harmful effects, such as wood damage and tree mortality through effective direct pest-control measures.

Problem 2c.  Beyond guidelines to manage individual stands, forest managers require forest and landscape assessment capabilities to ensure sufficient production of multiple benefits over all years of a management time horizon.  Management of a land-based resource that encompasses tens of thousands of acres embedded in the larger landscape cannot be accomplished solely through the detailed examination of individual forest stands.  This is primarily due to the need to produce annual benefits derived through multiple functions of forest development.  Systems will be developed to assess and manage all stands taken in aggregate across the landscape that will represent all the desired forest conditions simultaneously and continuously through time.

The unit currently has the resources to successfully conduct a research program with a focus on Problems 2a and 2b.  Obtaining any significant results and improving our understanding of a landscape system for production as described for Problem 2c would require substantial increases in staffing and budgets.


Problem 3.  Develop a more comprehensive understanding of the biology and ecology of warmwater fishes, freshwater mussels, crayfishes, herpetofauna, and Neotropical migratory birds, and other birds and wildlife to develop science-based tools to effectively conserve these fauna.  Aquatic and riparian ecosystems of the southeastern United States provide important habitats for the most diverse terrestrial and aquatic fauna on the continent.  To manage stream, riparian, and bottomland hardwood ecosystems in a sustainable way, the following problems will be addressed:

Problem 3a.  Develop effective biological sampling and monitoring techniques for aquatic and terrestrial fauna.  A key component of fisheries and wildlife management is to monitor trends in species abundance and distribution.  Managers need effective, validated methods for sampling and monitoring organisms at a variety of spatial and temporal scales.  We will develop and test new methods for conducting standardized, quantitative sampling that will allow managers to cost-effectively obtain data suitable for making inferences about resource health and for detecting temporal trends in diversity and abundance.

Problem 3b.  Quantify community ecology and species diversity in relation to land-use and environmental factors.  Managers need information on the effects of landscape-scale processes, local processes, and historical events, including biotic and abiotic factors, on the distribution, abundance, and ecology of aquatic and terrestrial organisms.  The demand for better understanding of climate change effects on species and communities will also increase over the next five years.

Problem 3c.  Explore population biology issues for management and conservation.  An understanding of population dynamics, including recruitment, mortality, migration, and population growth rates, is essential to predicting and evaluating the long-term influence of land management activities, nonnative species invasions, and climate change on aquatic and terrestrial species. 

Problem 3d.  Understand life histories, distributions, and autecology of poorly known organisms with emphasis on sensitive species.  The nearly complete absence of life history and distributional information for many aquatic species in the southeastern U.S. has made development of informed management programs difficult at best.  Managers need this basic biological information in order to evaluate possible responses of these species to land-use activities and nonnative species invasions.  Reproduction is one of the most highly sensitive events in an organism’s life history and reproductive traits are often useful indicators of how a species will respond to environmental changes. 

Problem 3e.  Clarify taxonomy and population genetic structures.  A clear and correct delineation of species and understanding of phylogenetic relationships and population genetic structuring are essential precursors to conservation planning and action.  Current taxonomic uncertainties create roadblocks to research, management, and conservation.  Patterns of genetic variation are unknown for most nongame aquatic species in the southeastern U.S., making establishment of evolutionarily significant units or management units and other management decisions difficult.

Addressing problem 3e, the taxonomic questions, requires extensive genetics work and advanced genetics data analyses, which in the past has been accomplished via working with outside collaborators.  However, in-house expertise may be more cost effective and produce more timely results.  Providing in-house genetics expertise will require additional personnel and funding.

Problem 4.  Develop effective tools to manage and restore bottomland hardwood forests and associated riparian and aquatic ecosystems that account for the complex functions of these systems.  Comprehensive assessments are needed to evaluate the performance of current projects, so that methods can be refined to improve outcomes.  Effective techniques are needed for restoring mixed-species stands including understory and midstory species; establishing and maintaining populations of rare and endangered biota; recovering functional processes; and restoring riparian and aquatic communities lost when regional river systems were modified.  The need for research is immediate and ongoing as federal conservation programs continue to promote afforestation of farmlands and as human influences continue to alter these systems.  In light of these information needs, the following problems will be addressed:

Problem 4a.  There is a need to evaluate and improve the methods for restoring bottomland hardwood forests to provide multiple ecosystem services in highly altered landscapes.  Restoring bottomland hardwood systems must be viewed as a continuous process.  The earliest techniques focused on afforesting retired agricultural fields with hard-mast species, usually later-successional oaks.  Initial results suggested that these techniques either performed poorly or did not restore other important structural and functional properties of forest ecosystems.  Adaptive management principles have led to refined planting techniques and alternative restoration methods such as improved species-site matching, mixed-species plantings, use of nurse-crop trees, and addition of hydrologic enhancements on afforested tracts.  Further assessments are needed to determine the performance of these new approaches.  There is also a need to examine what approaches are economically viable for private landowners and what ecological trade-offs are involved.

Problem 4b.  Sustainable forest management requires conservation of biodiversity; but, techniques are lacking to maintain diversity, especially that of threatened, endangered, or vulnerable plants in fragmented forest landscapes typical of bottomland hardwoods.  Research on the federally-listed shrub pondberry (Lindera melissifolia) will continue to build on earlier studies.  Not enough is known about seed dispersers and seed and seedling predators.  The species would benefit from an increase in biological diversity across its range.  Many of the earlier studies were carried out in a greenhouse or in a mesocosm facility where levels of light and soil moisture were controlled.

Problem 4c.  Public and private forest managers, as well as forest users, need a better understanding of how timber harvesting, off-highway vehicle (OHV) use, and controlled fire use in ecosystem conversion affect upland forest soils and surface-water quantity, quality, and timing, and how these effects may be altered by future climate.  Harvesting methods other than clearcutting should be studied to assess their effects on sediment and nutrient export from affected areas, and how these effect change downstream.  Studies of the consequences of OHV use that should be carried out are as follows: determine if and how OHV use affects sediment production and delivery to streams within designated use areas; evaluate whether and how past OHV use has impacted channel morphology and sediment characteristics; and construct a sediment budget to assess sediment routing and storage within an OHV affected watershed.

Problem 4d.  At a broader scale, and within the context of changing climate, managers, private forest landowners, investors, and local citizens need to understand the impacts of afforestation efforts and forest management practices on regional hydrologic processes, water quantity, and water quality.  Landuse practices including agriculture, forest conversion, and wetland losses are largely responsible for water quality degradation and flood control loss in the LMAV and its adjacent Gulf of Mexico watersheds.  Further deterioration of surface water quality and reduction of groundwater quantity resulting from agricultural and industrial activities and changing weather patterns are continued threats to agricultural, forest, and environmental sustainability in the Mississippi Delta.  Water conservation practices have been implemented to improve surface water quality and preserve groundwater resources in this region.  However, the groundwater use efficiency, application of reclaimed water, and surface water quality improvement from these practices have not been fully quantified.

The unit has the facilities, personnel, and equipment to successfully tackle research outlined in Problems 4a, c and d, and part of 4b for which studies have been completed.  Elements of 4b that initiate new pondberry research into the natural forest or advance predator or genetics research will require additional funding and the ability to hire one or more post-doctoral researchers.  Two scientists with expertise in wetland ecology and plant ecology anticipate retiring in 2015 and will need to be replaced if we are to address those research elements.

10. APPROACH TO PROBLEM SOLUTION 

Problem 1. Produce the biological and ecological knowledge needed to advance sound silvicultural practices for regeneration of bottomland hardwood forests.

Research and Accomplishments Planned by Emphasis Area:

a. Expand understanding of the reproductive ecology and seed biology of overstory, midstory and understory species occurring in bottomland hardwood forests.
1. Bottomland oak mast production and fate.  We currently lack the ability to predict the frequency and size of mast crops in bottomland hardwood forests.  The lack of a robust tool to predict acorn production imparts difficulty on managers tasked with scheduling regeneration harvests, procuring and storing seeds for nurseries, and/or assessing wildlife habitat value.  We will maintain and expand ongoing research to develop a database that captures spatial, temporal and species variation in acorn production in southern bottomlands, and develop predictive models for acorn production and acorn fate.
2. Seed ecophysiology, dormancy and germination requirements.  Previous laboratory work has revealed fundamental knowledge of acorn biology, but we still lack an understanding of the ecophysiological aspects of dormancy and germination requirements for acorns produced by many of the bottomland oak species endemic to southern bottomlands.  In the absence of this knowledge, regeneration foresters are unable to target stand conditions that maximize seedling regeneration, and nursery managers have difficulty synchronizing germination and optimizing stocking of nursery beds.  Research on natural patterns of seed dormancy break and germination requirements will reveal the dynamics of germination, seedbed longevity, and seedling regeneration, and define conditions for optimizing artificial regeneration.
3. Species of conservation concern.  A clear understanding of the mechanisms that determine pondberry (Lindera melissifolia) fecundity is central to the recovery of this endangered species.  Studies quantifying seed composition, viability, dormancy, and stratification requirements have begun to build our knowledge of pondberry reproductive ecology and seed biology.  Current research on how environmental factors influence flowering and fruit production, initiation of ramets, and seed longevity in the seedbed will inform design of management strategies to increase size and vigor of pondberry populations.

b. Advance knowledge of seedling ecophysiology and environmental determinants of establishment and growth in bottomland systems.
1. Seedling ecophysiology.  Current work on seedling ecophysiology is beginning to reveal how environmental conditions in bottomlands drive seedling-level processes, but our knowledge in this field is fragmented and managers still need reliable practices that promote seedling establishment and vigorous juvenile growth.  Uncertainties around the biological requirements of seedlings and the stand structures that provide for these necessary resources have prevented the development of successful regeneration practices for targeted species.  Studies focused on seedling light requirements, flooding tolerance, competition, and the relationships between stand structure and understory resource availability will lead to applied management prescriptions that raise success in regenerating bottomland hardwoods.
2. Species of conservation concern.  Conservation and recovery of pondberry (Lindera melissifolia) hinges on building a comprehensive understanding of its ecophysiology relative to prominent environmental factors in bottomland hardwood forests.  The existing state of our knowledge limits conservation activities on Federal lands to a potentially risky passive management approach.  We will maintain and expand existing studies on physiology and growth relative to soil flooding and light availability to support development of practices for active management that promote vigor and expansion of self-sustaining pondberry populations.

c. Improve methods to predict the effect of regeneration treatments on species composition and stand structure, with emphasis on oaks and other targeted bottomland hardwood species recruitment.
1. Regeneration methods.  Previous research has produced a tool to evaluate the regeneration potential of mature bottomland hardwood stands.  We are not yet able to reliably estimate how regeneration cutting methods influence the release of advance reproduction to determine species composition and early trajectories of stand development.  Our research approach will depart from the conventional thinking that stand regeneration is an event, and move towards viewing stand regeneration as a sequence of processes.  Investigations that quantify the interactions of process drivers and key variables including the regeneration pool, competing vegetation, harvest timing, harvest unit size and residual stand structures on growth and recruitment of targeted species will improve our ability to predict the outcomes of regeneration harvests and advance sustainability.
2. Artificial regeneration to enrich species composition.  We do not have proven practices for enriching bottomland oaks and other species in bottomland hardwood stands that lack a suitable amount of advance reproduction, or in stands where regeneration harvesting failed.  Development of reliable artificial regeneration practices that alleviate deficiencies in advance reproduction would enable managers to increase stand management potential and move degraded stands towards rehabilitation.  We will continue studies aimed at producing technologies and guidelines for artificial enrichment of regeneration pools, and developing alternative practices for mitigation of regeneration failures.

d. Develop technologies and practices for establishing sustainable bottomland hardwood plantations on marginal agricultural land.
1. Plantation systems.  Long-term research has produced reliable practices to establish and manage low input plantations for simple restoration of forest cover, intensively managed plantations for maximization of fiber production, and complex plantations for accommodating a range of objectives like carbon sequestration and wildlife habitat.  Continued landowner interest around establishing forests on former agricultural land has created a need to improve existing or develop new plantation systems to accommodate an increasingly diverse array of potential management objectives.  Ongoing work that addresses plantation spacing, species mixing, cultural practices, pest control, and harvesting regimes will provide landowners with viable afforestation practices to address objectives such as dedicated biofuel feedstock production, nutrient sequestration, or other ecosystem services in ecologically and economically sustainable systems.
2. Genetic trials for black willow domestication.  Research on eastern cottonwood selection and improvement has led to its global deployment for pulp and lumber production, phytoremediation, carbon sequestration, and forest restoration, and its use as the model tree system for plant genomics studies.  Black willow (Salix nigra), an associate of eastern cottonwood on bottomland sites, shares many of the silvical characteristics of eastern cottonwood that have supported its domestication.  Collaborative studies are underway to develop black willow as a forest plantation species adapted for growth on wetter soils than eastern cottonwood.  Release of improved black willow clones will provide land managers with an alternative species for plantation culture to meet an array of objectives including biomass, pulp and lumber, phytoremediation, wildlife habitat and forest restoration.
3. Seedling quality guidelines.  Afforestation of former agricultural land has proceeded across the LMAV without science-based standards for hardwood seedling quality that ensure acceptable field performance of planting stock.  The absence of quality standards prevents nursery managers from growing morphologically and physiologically superior seedlings, prevents buyers from assessing the likely viability and vigor of planting stock, and increases management costs associated with poor survival and inferior field performance.  We will continue to expand research that identifies morphological indices of seedling survival and growth to establish guidelines that quantify hardwood seedling quality for afforestation of former agricultural land.

e. Explore genetic foundations of bottomland hardwood forests.
1. Seed provenance guidelines.  Germplasm appropriateness has not been considered in the current effort to restore forest on former agricultural land in the LMAV.  The lack of protocols for bottomland hardwood seed collection and movement may be reducing plantation establishment success, limiting restoration of ecosystem functions, and contributing to systemic degradation of native genetic resources.  Establishment of bottomland hardwood provenance trials across the LMAV would inform development of guidelines for seed collection and movement that support maintaining genetic diversity of bottomland hardwood forests and appropriateness of germplasm for forest restoration.
2. Genetic structure of bottomland hardwood tree populations.  We need to develop a fundamental understanding of the genetic structure of bottomland hardwood tree populations.  Knowledge discovery in this field would provide a basis from which to determine genetic consequences of forest fragmentation, develop plans for conservation of existing bottomland hardwood genetic resources, and forward strategies for rehabilitating populations exhibiting genetic degradation.

Anticipated outcomes in Problem 1:
-Compile a database of spatial, temporal, and species variation in acorn production in southern bottomlands.
-Develop a model to evaluate potential oak mast production.
-Develop silvicultural practices to encourage oak mast production and manage seed bank viability.
-Develop techniques to synchronize acorn germination.
-Develop protocols to store and germinate pondberry seed.
-Improve silvicultural practices to encourage pondberry vigor, growth and reproduction.
-Develop silvicultural practices that promote establishment and early growth of oak seedlings.
-Make a guide to silvicultural pathways for successful regeneration of bottomland oak forests.
-Explore techniques to enrich degraded bottomland hardwood stands with target species.
-Examine establishment and cultural practices to produce biofuel feedstocks on marginal agricultural land.
-Select superior black willow clones for biomass production on marginal agricultural land.
-Synthesize existing seedling quality standards for afforestation in the LMAV.

Problem 2.  Improve silvicultural systems and develop better information on growth and yield, stand development, and the management of insect and disease problems to provide a sustainable yield of desired multiple-use benefits from bottomland forests.

Research and Accomplishments Planned by Emphasis Area:

a. Forest managers need practical silvicultural guidelines and appropriate quantitative tools to effectively manage bottomland hardwood and wetland forests for sustainable yields of forest products and other desired values.
1. Applied studies of intermediate stand silviculture.  Long-term studies designed to evaluate the effects of thinning on growth, quality, and economic value of commercial tree species in existing hardwood stands will continue.  One set of studies examines thinnings based on the traditional concept of stand density management, in which thinning prescriptions are based on different levels of residual stand density.  A second set of studies examines thinnings based on the new, innovative concept of stand quality management, in which thinning prescriptions are designed to remove low-quality trees and to retain high-quality trees, with little or no regard for residual stand density.  Initial stand quality management studies were established in red oak-sweetgum stands, but we plan to expand this set of studies to other bottomland forest cover types.
2. Basic studies of bole and log quality.  Bole quality has a significant effect on the economic value of individual hardwood trees.  Because epicormic branches produce unwanted defects in the underlying wood, their presence has a negative impact on bole quality and, consequently, on sawlog value.  However, production of epicormic branches along the boles of standing hardwood trees is a poorly understood phenomenon.  Conventional wisdom states that epicormic branches develop solely as a result of sudden exposure of the bole to direct sunlight, especially following some type of thinning.  But, this hypothesis does not adequately explain the large variation in production of epicormic branches observed on residual hardwood trees following a thinning operation and does not explain the formation of epicormic branches on overtopped trees that receive little or no sunlight in undisturbed stands.  We plan to expand existing studies and initiate new studies to address several critical gaps in our understanding of this important phenomenon:  (1) lack of knowledge of the factors, and possible interactions among those factors, that influence production of epicormic branches; (2) lack of a suitable model to describe production of epicormic branches in standing hardwood trees; (3) inability to adequately predict production of new epicormic branches as a function of these factors and their interactions; (4) lack of practical guidelines to minimize production of epicormic branches, especially following some type of thinning; (5) lack of understanding of the detrimental effects of epicormic branches on sawlog grade, lumber grade, and lumber value; and (6) lack of knowledge of the magnitude of the losses in potential revenue associated with the presence of epicormic branches on the boles of hardwood trees.
3. Modeling efforts.  Applied studies of intermediate stand silviculture and basic studies of bole and log quality have been and will continue to be conducted concurrently.  Preliminary modeling efforts use the results from these studies to develop decision rules and conceptual qualitative models to aid forest managers in the selection of the most appropriate thinning prescription to apply in any given hardwood stand.  Conceptual models will also be developed to describe epicormic branch production in standing hardwood trees and to prioritize those factors that most influence this phenomenon.  These preliminary models then are used to adjust and refine the focus of subsequent applied and basic studies.  The additional findings and conclusions from these studies are then used to further refine and calibrate the preliminary models and hypotheses in a continuous, cyclic process.
4. Synthesis efforts.  Results from applied studies, basic studies, and modeling efforts are integrated to develop practical silvicultural guidelines, management tools, and management systems that optimize growth, quality, and economic value of existing hardwood stands.  Practical, science-based guidelines will provide forest managers with recommendations for silvicultural prescriptions that improve growth at both the tree and stand levels, minimize production of epicormic branches, and increase the economic value of both trees and stands.  New management tools have been and will continue to be developed.  To complement the hardwood crown classification and the hardwood tree classification systems previously generated, we plan to develop additional management tools for managers of southern bottomland hardwood forests:  (1) a new stocking guide based on empirical data, and (2) a photographic guide to log surface defects and associated defects in the underlying wood.  We will continue to revise and strengthen the stand quality management system by incorporating additional results from on-going thinning studies.  The silvicultural guidelines, management tools, and management systems produced through these synthesis efforts will greatly enhance the ability of forest managers to make sound, effective management decisions in southern bottomland hardwood and wetland forests.
5. Tree-level multiproduct yield estimation.  Understanding the economic value of individual trees of varying size and quality is not solely a function of total volume content.  Products produced from different sections of a tree have substantially different monetary value, and even within a particular product class, value is affected by measures of quality.  We will develop a suite of measurements which can be used to partition a tree and accurately estimate both product volume and value.
6. Predict stand-level attributes and size distributions.  In mature mixed-species stands, quantitative growth prediction models will be developed from experimentally observed responses to various levels of silvicultural stand density manipulation.  Our prediction models will provide aggregate stand predictions consistent with the distribution of individual tree growth responses to treatments.
7. Efficient production of various forest products.  Guidelines will be developed using an integration of multiproduct yield estimates, stand growth responses to silvicultural treatments, and financial analysis.  This analysis will examine the tradeoff of costs and benefits to optimally allocate available resources to achieve efficient production.  Management objectives with differing emphases would likely be achieved through treatment application having various timings and intensities.
8. Plantations for biomass production.  Because of the need for bioenergy resources, researchers will continue to experiment with the establishment of dedicated plantations of native hardwood tree species.  These plantations will focus on short rotations of relatively high stand densities to produce quantities of biomass to augment the harvest residues available for fuel production obtained during intermediate harvests from traditional mixed-species forests.  Development of these plantations under a variety of density control and harvest timing removals on marginally productive agricultural lands will be monitored with attention to establishment requirements, fiber yield, operational environment, harvest restrictions and utilization standards.

b. Forest managers lack enough information about pest problems to manage healthy sustainable bottomland hardwood and wetland forests.
1. Electronic-nose technology.  “Electronic sensing" or “e-sensing”refers to the capability of reproducing human senses using sensor arrays and pattern recognition systems to detect and recognize chemicals.  Essentially the e-sensing instrument, or e-nose, consists of head space sampling, sensor array, and pattern recognition modules to generate signal patterns that are used for characterizing odors.  We will continue to investigate electronic methods (such as electronic-nose devices) to detect and identify specific insect and disease pests that affect the production and value of living hardwood trees, harvested logs, and lumber.
2. Develop and test methods to control pathogens and mitigate disease.  We are investigating biological and cultural methods to control specific pathogens and the diseases they cause in living hardwood trees, harvested logs, and lumber.  Cooperative work with Mississippi State University and the University of Mississippi will continue to test and further develop clones of American sycamore resistant to infection by Xyllela fastidiosa the cause of bacterial leaf scorch disease.  We will continue to study the effects of management activities such as thinning to mitigate tree and stand losses due to decline diseases involving the interaction of biotic, edaphic, and climatic variables.  Cooperative efforts with university and other Agency partners will continue to uncover and report significant regional climatic, site, and stand variables affecting forest decline events in the southeastern U.S.  Efforts to better understand how site, soils, climate and species variables interact to produce bacterial wetwood in red oaks, cottonwood, and other commercially valuable hardwoods, will continue with industry and university partners.
3. Develop and test methods to identify exotic and native forest insects.  DNA barcoding is reported to be a quick, easy and relatively cheap method to identify animal species yet it is controversial because of theoretical and practical limitations.  Early studies show it has some utility particularly for developing new hypotheses.  It seems the best way to determine utility is through empirical research and we have started developing databases that should delimit range of utility as well as develop methods to identify pest species.  We will build on these studies because they show promise for identifying immature insects, which are typically the most destructive stage.
4. Identify and characterize insect-symbiont interactions.  Although insect-symbiont interactions have been known for 75 years there has been very little work on symbiont faunas of hardwood borers.  We use a variety of techniques including DNA sequence analysis to identify and characterize symbionts.  We plan to analyze multiple species so that we can ultimately develop ecological principles that better explain insect-symbiont interactions.  We are also examining the biology of insects as vectors of disease particularly the hardwood borers and non-native woodwasps.  They and their natural enemies will be studied in order to develop effective controls for tree diseases spread by these insects.
5. Investigate chemical ecology of hardwood wood borers.  Insects live in a world mediated by olfactory signals.  They respond to chemical cues and presumably with knowledge of these chemicals we will be able to influence population dynamics.  We have started working with Mallodon, which is one of the largest and most common hardwood pest species in the Southeast.  Studies include choice tests; y-tube olfactometry; electroantennagram detection coupled to gas chromatography and mass spectrometry, and field trapping.  Other pest species will be considered as this work progresses.  Although not yet reported in the LMAV, the emerald ash borer (EAB) was recently confirmed to exist in three counties in central Arkansas less than 100 miles from large areas of bottomland hardwood forests.  Opportunities will likely exist for us to initiate research on the impacts of EAB on Fraxinus spp. in the LMAV.

c. Beyond individual stand management guidelines, forest managers require forest and landscape assessment capabilities to ensure sufficient production of multiple benefits over all years of a management time horizon.
1. Resource evaluation.  Because ecologically necessary and socially desired benefits are numerous and are produced through a complex mosaic overlaid on a landscape, census methods will be developed to provide snapshots in time of the magnitude and spatial distribution of the bottomland forest resource.  Field-based measurement protocols, coupled with remote sensing technologies, will be developed.
2. Integration of multiple production functions.  Once the total resource is adequately characterized in its current state, the future production capacity for each benefit must be evaluated through complex simulation systems evaluating multiple potential management interventions.  These systems will be developed as a package of related software tools that integrate the known science.
3. Valuation metrics.  We will assess the relative values of the multiple benefits derived from societal needs and preferences.  We will produce survey instruments to gauge the regional and national populations’ preferences and satisfaction with the services that can be delivered under various scenarios, and rank the alternatives for policy development and selection.

Anticipated outcomes in Problem 2:
-Expand stand quality management thinning research to other bottomland forest cover types.
-Develop a conceptual model describing the relative importance of factors and their interactions that influence epicormic branch production and retention in commercial species of southern bottomland hardwoods.
-Develop a preliminary quantitative model to predict production of new epicormic branches in thinned hardwood stands.
-Refine thinning guidelines designed to improve growth, quality, and value and minimize production of epicormic branches.
-Construct a new bottomland hardwood stocking guide based on empirical data.
-Create a photographic guide to log surface defects and associated underlying wood defects.
-Complete a manager’s handbook for the stand quality management system.
-Produce a revised manager’s handbook for silviculture and management of southern hardwoods, in cooperation with scientists assigned to Problems 1 and 2.
-Model tree form and crown structure for important species that can estimate multiple products occurring within distinct portions of stems and branches.
-Develop prediction and projection equations of forest stand-level attributes consistent with aggregated individual tree size distributions for a variety of stand types and silvicultural manipulations.
-Produce guides for stand stocking to achieve specific levels of benefits, products, and values.
-Provide an understanding of achievable levels of hardwood fiber production on sites with predominantly clay soils considered marginally suitable for agriculture.
-Development of a system of related software tools used for forest management at a landscape level.  (This will require grad student and post-doctoral efforts and extramural funds.)
-Develop methods and electronic technologies for the detection and identification of insect and disease pests of hardwood species.
-Develop and test new chemical, biological, or cultural methods for the control of insect and diseases of hardwoods species.
-Accomplish field tests of the resistance of two American sycamore families to infection by Xyllela fastidiosa, the cause of bacterial leaf scorch disease.
-Publish a study of the glassy-winged sharpshooter as a vector of Xyllela fastidiosa in American sycamore.
-Measure, model, and report significant relationships between regional climatic, site, and stand variables and the occurrence of decline events in the southeastern U.S.
-Develop tools to identify immature and adult insects.
-Discover of species new to science.
-Guidelines directing which methods can be used to identify particular taxa.
-Adult insects of species that are difficult to rear will be associated with their hosts.
-Identification of wood-borer symbiont associations.
-Isolation, identification and synthesis of wood-borer pheromones.

Problem 3. Develop a more comprehensive understanding of the biology and ecology of warmwater fishes, freshwater mussels, crayfishes, herpetofauna, and Neotropical migratory, and other birds and wildlife to develop science-based tools to effectively conserve these fauna.

Research and Accomplishments Planned by Emphasis Area:

a. Develop effective biological sampling and monitoring techniques for aquatic and terrestrial fauna.
1. Test techniques for sampling habitats.  We will develop new techniques and quantitatively test existing techniques for sampling fishes, crayfishes, mussels, and herpetofauna in various aquatic and terrestrial habitats throughout the southeastern U.S.  In particular, we will test effectiveness of new methods for: a) monitoring success of mussel reintroductions , b) sampling crayfishes in rivers too large to wade and in lakes or reservoirs, and c) monitoring herpetofauna in sand-bed, intermittent streams.
2. Index of Biotic Integrity.  We will use data collected already to develop of an Index of Biotic Integrity for fish communities of forested watersheds in the middle Gulf Coastal Plain.
3. Estimate rabbit populations.  We will develop and test methods to estimate populations of rabbits on afforested areas.  Collaboration with human dimensions researchers in SRS will enable us to involve a wider segment of the Mississippi Delta population in this research.
4. Estimate populations of birds in nonbreeding habitat.  We will develop and test methods to estimate nonbreeding populations of birds in bottomland hardwood forests and associated ecosystems.

b. Quantify community ecology and diversity in relation to land-use and environmental factors.
1. Herpetofaunal research.  We will initiate new research direction on the effects of human activities on herpetofaunal communities in the Coastal Plain.  We will begin with studies on the effects of land-use and prescribed burning on herpetofauna in both terrestrial and aquatic habitats in north Mississippi.
2. Aquatic fauna-human interaction studies.  We will build on existing work to better understand how various human activities and natural variation in habitat influence communities of aquatic and terrestrial fauna.  We will broaden our earlier work on small reservoir influences on fauna to the effects of large reservoirs.  We will continue experimental studies of factors that limit mussel reproduction and survival, and we will broaden this emphasis by examining how ambient water and sediment quality in rivers affects mussel populations at a landscape scale.  We will continue research to improve understanding of the distribution and habitat requirements of crayfishes throughout Mississippi and will examine how various land uses and stream alterations influence community structure.  We will continue our work evaluating the ecological importance of small instream wood to fishes.  We will explore thermal ecology of warmwater fishes and crayfishes and develop predictions of how stream warming may influence species and community persistence.  We will continue to study historical and modern changes in mussel growth, as inferred from shell ring chronologies, to examine long-term changes in aquatic ecosystems.
3. Large-scale disturbance research.  In the past we have successfully used data from previous or ongoing studies as a basis for determining the effects of large-scale disturbances, such as drought and hurricanes, on various faunal groups. We will continue to pursue such studies as disturbances occur, creating new research opportunities.
4. Avian fauna.  We will continue long-term research on the effects of various land uses and silviculture treatments on birds, including cerulean and other warblers and rusty blackbirds, and possibly on small mammals.  In the case of Neotropical migratory birds, this may entail research incorporating habitats from Canada to South America.  We will also initiate new research on bird community ecology in bottomland hardwood forests and afforestation plots, such as the nonbreeding biology, survival, and management of populations of brown-headed cowbirds.

c. Explore population biology issues for management and conservation.
1. Population dynamics of various faunal groups.   We will conduct studies on population dynamics of various faunal groups to address a variety of short- and long-term questions about the influences of habitat and disturbance on populations.  We will continue long-term studies of mussel population dynamics that will provide baseline estimates of the recruitment and survival necessary for population persistence and growth.  The growth and population dynamics of herpetofauna in relation to land management activities will be explored.  Similarly, population-level studies of Neo-tropical migrants will be used to better understand the life stages at which populations are most vulnerable.
2. Population dynamics of migratory birds in nonbreeding habitat.  We will conduct studies on the nonbreeding population dynamics of migratory bird species that spend the boreal winter in bottomland hardwood forest ecosystems.

d. Understand life histories, distributions, and autecology of poorly known organisms with emphasis on sensitive species.
1. Life history studies.  We will conduct life history studies of numerous fish, crayfish, and mussel species in order to provide the basic information essential for management about this.  When possible, studies will address numerous species simultaneously.  We will cooperate with the newly-established Cambarid Crayfish Life History group to design studies that can be used to address large-scale life history questions across the eastern US.  We will also cooperate with the Southeastern Fishes Council Imperiled Species Working Group working with Southeast Aquatic Resources Partnership to produce assessments of research and management needs for imperiled fishes in the southeastern United States.  Species studied will include many that are petitioned for listing under the ESA, have been ranked “data deficient” by the IUCN, or recognized by the American Fisheries Society and Southeastern Fishes Council as imperiled.
2. Habitat requirements for sensitive species.  We will conduct studies of habitat requirements of various species, especially sensitive species, to identify appropriate habitat goals for conservation.  Such research is currently underway for Yazoo darters, Alabama shad, and vernal crayfish.
3. North America freshwater fishes books.  We will continue to lead a team of national and international experts in producing two more, of three, volumes (one already published) synthesizing the ecology, natural history, and conservation of the freshwater fishes of North America.

e. Clarify taxonomy and population genetic structures.
1. Identify new species.  We will use morphometric and genetic techniques to identify new species of crayfishes, fishes, and herpetofauna as they are encountered.  New species will be described in the scientific literature. We will begin with assessments of morphometric and genetic variation in the Yazoo darter, a sensitive fish species, and the vernal crayfish, both of which are suspected of harboring undescribed diversity. 
2. Population genetic structure.  We will use genetic techniques to evaluate population genetic structure and migration rates within species.  We will begin with assessing population genetic structure in Alabama shad, an anadromous fish, and Yazoo darter.
3. Crayfish species verification.  We will assess the validity of existing crayfish species that may not warrant species status.  We will begin with assessments of the Procambarus subgenera Pennides and Girardiella.
4. Ecological exploration using genetics.  We will use genetic techniques to explore other ecological questions, including assessing patterns of host-fish use in relation to genetic variation in the freshwater mussel genus Villosa in the southeastern United States, as well as the genetic structure of nonbreeding populations of birds that winter in the LMAV.

Anticipated outcomes in Problem 3:
-Publish a definitive three-volume text covering the ecology, life history, distribution, and conservation of all North American freshwater fish families.
-Assess factors contributing to loss of mussel faunas in rivers in the eastern U.S. and the success of mussel reintroductions into rivers where species have been extirpated.
-Rejuvenate an interactive crayfish website with map- and query-based interfaces with database of Mississippi crayfishes, along with fact sheets and photos for each species (currently being rebuilt to comply with new Forest Service IT requirements).
-Describe new species and revise fish and crayfish taxonomy that accurately reflect diversity and phylogenetic relationships.
-Refine crayfish conservation priorities and recommendations based on improved delineation of crayfish distributions, better understanding of taxonomy and threats to persistence.
-Improve understanding of thermal dynamics in warmwater habitats and of relationships between temperature and warmwater fishes, crayfishes, and herpetofauna and to some extent cool- and coldwater fauna as well.  This will improve the ability of scientists to predict the effects of stream warming on aquatic and semi-aquatic fauna.
-Improve understanding of the relationship between small instream wood and fish assemblage diversity and structure in small sand-bottom streams of the upper Gulf Coastal Plain.
-Provide new understanding of how various human alterations to forest and aquatic ecosystems, especially streams and rivers, influence aquatic- and riparian-dependent fauna.
-Further improve our understanding of landscape and habitat needs of, and effects of silvicultural practices on, Neotropical migrants and other birds.  (This will require filling the vacancy created when the wildlife biologist at Stoneville retires in early 2015.)


Problem 4.  Develop effective tools to manage and restore bottomland hardwood forests and associated riparian and aquatic ecosystems that account for the complex functions of these systems.

Research and Accomplishments Planned by Emphasis Area:

a. There is a need to evaluate and improve the methods for restoring bottomland hardwood forests to provide multiple ecosystem services in highly altered landscapes.
1. Experimental studies to evaluate alternative afforestation techniques.  The Sharkey Large-Scale Restoration Experiment was established to test the ecological and economic tradeoffs of alternative afforestation methods including natural recruitment, seed and seedling plantings, and use of nurse-crop trees.  We will continue our studies to evaluate the long-term results of the experimental treatments and subsequent forest thinnings on tree growth and yield, plant diversity, and faunal habitat use.
2. Broad-scale assessment of LMAV afforestation efforts.  At a national level, some federal agencies have been directed to assess and quantify the ecosystem services derived from federal conservation practices and programs.  In the LMAV, much of the afforestation has been carried out on private lands under the Wetlands Reserve and Conservation Reserve Programs.  We will continue collaborative studies that are evaluating the performance of these projects, particularly as related to forest habitat and biodiversity.
3. Dendrochronology.  We will continue tree ring chronology analysis techniques to address questions about various tree species concerning the influence of insects, storm damage, flooding, fire, and other biotic and abiotic variables on management decisions and restoration efforts.

b. Sustainable forest management requires conservation of biodiversity; but, techniques are lacking to maintain diversity, especially that of threatened, endangered, or vulnerable plants in fragmented forest landscapes typical of bottomland hardwoods.
1. Studies of varying levels of light availability, flooding, and competition on pondberry growth.  Results will be analyzed and published of several studies already completed that examine the effects to pondberry growth and physiology of varying levels of light availability, soil inundation, and weedy competition.  These studies were conducted in either a greenhouse or in an outdoor mesocosm.
2. Studies of varying light availability on pondberry growth in natural forests.  The effects of a range of light availability on pondberry growth and survival should be studied in a natural bottomland hardwood forest by thinning overstory, midstory and understory trees.  Understanding plant physiology and growth relative to varying levels of soil flooding and light availability in a natural setting will support development of practices for active management that promote vigor and expansion of self-sustaining pondberry populations.
3. Studies of varying competition on pondberry growth in natural forests.  Although more costly and involved, if the resources are available, the light availability and flooding study outlined above could be expanded to include the effects to pondberry growth and survival of a range of competition from other plants.
4. Pondberry seed dispersers.  One short-distance disperser of pondberry seeds, the hermit thrush (Catharus guttatus), has been identified but studies to identify long-range dispersers and more short-range seed dispersers should continue.  Understanding the mechanisms of natural seed dispersal is critical to managing the recovery of pondberry within its range that is characterized by fragmented forests interspersed between large swaths of agricultural fields.
5. Pondberry genetic diversity.  Further research to increase the genetic diversity of pondberry across its range should be done if resources are available.  A pondberry seed nursery should be established to allow crossing among a wide variety of regional genotypes to provide diverse seed sources for restoration programs.
6. Pondberry seed and seedling predator research.  Several pondberry seed and seedling predators have been identified.  Should resources allows, studies are needed to determine the conditions under which pondberry seeds are likely to survive to germination and under which seedlings are likely to survive beyond the seedling state.

c. Public and private forest managers, as well as forest users, need a better understanding of how timber harvesting, off-highway vehicle (OHV) use, and controlled fire use in ecosystem conversion affect upland forest soils and surface-water quantity, quality, and timing, and how these effects may be altered by future climate.
1. Forest harvesting effects.  Understanding the effects of forest harvesting methods in upland forests deserves continuing attention as methods and the spatial scale of their application change with newer management objectives.  We will complete research assessing the effects of single-tree selection, mixed-treatment (“standard” Forest Service prescriptions), and shortleaf pine-bluestem grass ecosystem conversion treatment on water, sediment, and nutrient export.
2. OHV effects.  OHV-recreation impacts on forest soils and streams are a consistent and growing concern for upland forest managers and stakeholders.  We will build upon recent studies assessing how OHV use affects sediment production, delivery, and routing within designated use areas, and how channel conditions are affected by OHV use.  New work will assess the potential for rehabilitating forest channels and trails after OHV impacts have occurred.
3. Climate change effects.  Anticipated climate change may increase, diminish, or not affect hydrogeomorphic processes in upland forests.  We will continue recent new investigations to assess how predicted climate change could alter these processes, and help identify methods which could mitigate predicted changes.

d. At a broader scale, and within the context of changing climate, managers, private forest landowners, investors, and local citizens need to understand the impacts of afforestation efforts and forest management practices on regional hydrologic processes, water quantity, and water quality.
1. Simulation models to evaluate groundwater quality and quantity.  Techniques such as field observations, GIS analyses, and computer model (e.g., HYDSTRA, SWAT, MODFLOW, and STELLA) simulations will be used to evaluate groundwater use efficiency, reclaimed water application, and surface water quality improvement from a variety of water conservation practices.  The evaluation is performed through the analysis of: land use changes; surface-ground water interactions; hydrological processes and water budgets in agricultural irrigation fields; pollutant fate and transport in streams and rivers; and the spatial and temporal distributions of water quantity and quality within the Mississippi Delta.
2. Dynamic data driven application system development.  A new paradigm, namely a dynamic data driven application system (DDDAS), will be developed to monitor real-time variations and loads of water quality constituents (e.g., nutrients, sediments, and dissolved organic carbon) in rivers and streams within the LMAV.  The timely results from the DDDAS are crucial to water resource managers and local citizens for quick responses to human health threats such as drinking water resource contamination and harmful algal bloom outbreaks.
3. STELLA model development.  A STELLA (Structural Thinking, Experiential Learning Laboratory with Animation) model has been developed to predict short-rotation woody biomass production as affected by soil water and nutrient availabilities as well as by surficial processes in the short-rotation woody crop plantations.  This modeling tool should be useful to bioenergy investors and environmental managers for efficient estimations of short-rotation woody biomass production, for cost-effective analyses of woody bioenergy supply, and for efficient assessment of adverse environmental impacts.

Anticipated outcomes in Problem 4:
-Advance understanding of the growth and productivity of alternative afforestation methods and associated plant diversity, and faunal habitat use.
-Improve metrics on the effectiveness of the Wetlands Reserve and Conservation Reserve Programs in improving forest habitat and biodiversity.
-Publish peer-reviewed articles on pondberry growth and physiology.
-Improve knowledge of how newer applications of silvicultural treatments affect upland forest soils and surface-water quantity, quality, and timing.
-Increase understanding of how OHV use impacts sediment processes and channel conditions, and determine if these impacts can be reduced.
-Increase appreciation of how climate change could affect hydrogeomorphic processes in upland forests, and if these affects might be lessened.
-Develop and publish simulation models to evaluate groundwater quality and quantity.
-Develop and publish dynamic data driven application systems for applications in the LMAV.
-Develop and publish STELLA models of short-rotation woody biomass production and other systems.

11. ENVIRONMENTAL CONSIDERATIONS

The RWU-4155 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-4155 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.

Key Cooperators:  We will collaborate with professional resource managers and academic colleagues from public and private organizations across the Region to address the effects of management practices on the structure, function, and processes of bottomland and wetland hardwood forests and associated aquatic ecosystems.  We will collaborate with research scientists to study threatened and endangered species, alternative management approaches like agroforestry, and the production of various alternative commodities and services, such as biofuels, carbon sequestration, ecotourism, and wildlife habitat.  We will collaborate with government and private organizations to develop tours, field trips, and publish brochures and other written and web-based materials.  Key cooperators include the following organizations:

Southern Research Station:	SRS-4156 – Center for Disturbance Science
	SRS-4160 – Forest Genetics and Ecosystem Productivity
	SRS-4353 – Forest Watershed Science
	SRS-4552 – Insects, Diseases, & Invasive Plants of Southern Forests
	SRS-4703 – Forest Operations
	SRS-4704 – Utilization of Southern Forest Resources
	SRS-4801 – Forest Inventory and Analysis
	SRS-4804 – Forest Health Monitoring
	SRS-4854 – Eastern Forest Environmental Threat Assessment Center
	SRS-4952 – Integrating Human and Natural Systems 

Federal Agencies:	Agricultural Research Service, Mid-South Region, USDA
	Animal and Plant Health Inspection Service, USDA
	Barksdale Air Force Base, U.S. Air Force
	Columbia Science Center, USGS
	Daniel Boone National Forest, KY, Forest Service, USDA
	Delta and Holly Springs Ranger Districts of the National Forests in Mississippi, Forest Service, USDA
	International Programs, Forest Service, USDA
	National Agroforestry Center, Forest Service, USDA
	National Forests in Mississippi and Alabama, Forest Service, USDA
	Natural Resource Conservation Service, USDA
	Northern Research Station, Forest Service, USDA
	Northern Research Station, NRS-11 – Sustainable Management of Central Hardwood Ecosystems and Landscapes, Forest Service, USDA
	Patuxent Wildlife Research Center, USGS
	Region 8, Regional Office, Forest Service, USDA
	Region 8, State and Private Forestry, Forest Health Protection, Forest Service, USDA
Region 9, Regional Office, Forest Service, USDA
	Rocky Mountaion Research Station, RMRS-4255 – Grassland, Shrubland & Desert E.S. Program
	Smithsonian Migratory Bird Center
Smithsonian Museum of Natural Science
	North Mississippi; Noxubee; Theodore Roosevelt; and White River National Wildlife Refuges; Atlanta Regional Office; Kentucky Field Office; Ecological Services Offices in MS, MA, and MN; Fish and Wildlife Service, USDI
	US Army Corps of Engineers, Vicksburg, MS

Universities:	University of Arkansas at Monticello
	University of Alabama
	Alabama A&M University
	Arkansas State University
	Auburn University
	Clemson University
	Delta State University
	Unversity of Georgia
	University of Illinois, Champaign-Urbana
	University of Kentucky
	Louisiana State University
	Louisiana Tech University
	University of Milan, Italy
	Mississippi State University
	Mississippi Valley State University
	University of Mississippi
	North Carolina State University
	Oregon State University
	Southern University
	University of Southern Mississippi
	Tulane University
	Yale University

State Agencies:	Arkansas Forestry Commission
	Arkansas Game and Fish Commission
	Geological Survey of Alabama
	Kentucky Department of Fish and Wildlife Resources
	Kentucky Division of Water
	LSU AgCenter, Louisiana Cooperative Extension Service
	Louisiana Department of Agriculture and Forestry
	Louisiana Department of Wildlife and Fisheries
	Mississippi Department of Wildlife, Fisheries, and Parks
	Mississippi Forestry Commission
	Montana Fish, Wildlife, and Parks
	Tennessee Wildlife Resources Agency
	
Forest Industry:	Anderson-Tully Company
	International Paper Company
	Molpus Timberlands Management, LLC
	Plum Creek Timber Company
	Potlatch Corporation
	Temple-Inland, Inc.
	The Westervelt Company
	Weyerhaeuser NR Company

Private organizations:	Carnegie Museum of Natural Science
	Delta Council
	Delta Wildlife
International Union of Forest Research Organizations
Partners in Flight, Southeast, Northeast, and other working groups
	Southern Hardwood Forestry Group
	Southern Hardwood Forest Research Group
Tennessee Aquarium Research Institute	
	The Nature Conservancy
	US Endowment for Forestry and Communities
	Zoological Society of London

12/13. STAFF AND COSTS

This RWUD describes a bold five-year plan of work.  Based on a current staffing level of 17 scientists and about $4.25 million per year, we expect to implement most areas of research described in the RWUD excluding Problems 1e, 2c, 3e, and new areas of 4b.  With a higher level of funding, and more staff, all the proposed research could be accomplished sooner.

Staffing Plan:  RWU Staffing and Funding 

	Problem Area
	Scientist years per year of the RWUD

	
	2015
	2016
	2017
	2018
	2019

	1
	3.00
	3.00
	3.00
	3.00
	3.00

	2
	5.00
	5.00
	5.00
	5.00
	5.00

	3
	5.00
	5.00
	5.00
	5.00
	5.00

	4
	4.00
	2.00
	2.00
	2.00
	2.00

	Total
	17.00
	15.00
	15.00
	15.00
	15.00



The unit consists of seventeen (17) permanent full-time research scientists, one full-time professional, fifteen (15) full-time technicians (including 3 vacancies), one information technology specialist, one chemist, one full-time project secretary, one administrative support assistant, and one support services assistant.  Our record of accomplishments and ability to sustain long-term studies and datasets depend heavily on the expertise of our permanent technical staff.  Currently, the four biologists at Oxford are supported by two technicians and one professional support person, who is working on a Ph.D.  We need to hire two technicians for the Oxford lab as soon as possible and will need to hire a third to replace the lead technician after he retires at the end of FY 2015.  Several scientists are at, or are approaching, retirement age within the timeframe of this RWUD.  Our budgets for the past five years have been flat with the exception of a 6% decrease in 2013.  Future years are projected to remain stable or possibly decline.  Several scientists have been successful in leveraging appropriated funds with partners to expand their research resource base, and this strategy needs to be pursued by all scientists.  The table above indicates the loss of three scientists to retirement in FY 2015 followed by the strategic replacement of the wildlife biologist (birds and mammals) in Stoneville in CY 2016.  This wildlife biologist position is critical to the broader mission of the RWU.  The balance of Unit funds will be used to more adequately fund the currently underfunded programs of the remaining scientists and to strategically invest in cooperative research with university partners and to leverage extramural funding.  The Unit’s three administrative staff will retire at the end of FY 2016 or mid FY 2017 and these positions must be filled as soon as they become vacant in order to help manage the Unit’s administrative burden.

The unit is responsible for two experimental forests (EFs), the Delta, located in Washington County, west-central MS, and the Tallahatchie, located on the Holly Springs National Forest, near Oxford, MS.  Mississippi State University Delta Research and Extension Center maintains the Delta EF because the land belongs to the State of MS.  The Tallahatchie EF is maintained by the Holly Springs NF.  The Delta EF was established in 1945 through a cooperative agreement with the State of MS that was effective indefinitely.  The 2,578-acre tract includes elm-ash-hackberry, overcup oak-bitter pecan, and sweetgum-water oak timber types.  The Delta EF has been and continues to be an important venue for forestry research.  Past projects include studies of bottomland hardwood natural regeneration; bottomland hardwood plantation site-species suitability; progeny evaluations for selecting genetically improved hardwoods; thinning and intermediate stand management; disease and insect biology and control; hardwood insect borer life cycles; red oak-sweet gum stand dynamics; and bottomland hardwood growth and yield.  Research at the DEF provided much of what we know about species-site relationships on poorly drained, less fertile Mississippi River alluvial soils.  Several Eastern cottonwood clones, selected during the 1960s and 1970s by geneticists at the Southern Hardwoods Laboratory and tested in the DEF, are still used throughout the southeastern United States by forest industry, state and federal agencies, and in many foreign countries.  The Tallahatchie EF was created in 1950 to study relationships between mixed pine and hardwood forests, flooding, and soil erosion.  The TEF and associated hydrological research provided science support for a large federal reforestation and soil stabilization effort, the Yazoo-Little Tallahatchie Project, which was conducted in northern Mississippi from 1949 to 1985.  Recent research on the TEF focused on plant and bird responses to altered fire regimes and effects of prescribed fire on native and non-native plant communities.  Current research is examining effects to the plant communities of salvage logging following a tornado.  Long-term databases associated with the Tallahatchie EF include: humidity and temperature measurements (1954-1989); streamflow, sediment, and sediment chemistry (1982-1989, Pine-Hardwood); rainfall, streamflow, sediment yield, and vegetation and litter measurements (1959-1997, Pine-Hardwood watersheds); and surface and subsurface flow (1971-1989, selected Pine-Hardwood watersheds).
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