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Restoration and Recovery of Impaired Habitats

Restoration: A Priority for Society

Our quality of life depends on a healthy and sustainable environment. Societal understanding of the value of the environments is reflected in the commitment it makes in spending billions of dollars annually to restore the environment. Ecological restoration is defined by the Society for Ecological Restoration as the process of assisting the recovery of an ecosystem that has been degraded, damaged, or destroyed. Although ecosystems can never go backwards in time, better understanding of the effects of stressors on the structure and function of ecosystems and analysis of the effectiveness of restoration actions will improve prospects for effective ecosystem recovery. The conversion of natural habitat to other uses has pushed biodiversity and natural ecosystem functions onto smaller and smaller pieces of the landscape. These remaining pieces should be maximally functional. Many of the areas requiring restoration are on public lands, often managed by the Department of the Interior.  Properly targeted scientific information will help to ensure that the structure and function of stressed habitats can be recovered effectively.

A multitude of natural and anthropogenic stressors impair natural function in ecosystems. Chemical contaminants reduce the fitness and behavior of populations. Hydrologic manipulations alter fluxes of water, sediment, dissolved solids and contaminants, which change the value of river and wetland habitat. Natural events, such as floods and wildland fires, also alter ecosystems to the detriment of both wildlife and humans. Large-scale earthmoving and other land use changes, such as mining, can transform hydrodynamics and the ability of soils, wetlands and bottomland habitats to sustain healthy ecological communities. Invasive species, whose foothold is often improved in degraded environments, can change the function and structure of ecosystems. These changes are often irreversible, cascade beyond the original site, and move ecosystems to new states. Society’s ability to ensure that these new ecosystem states are productive and fully functional depends on understanding how stressors affect ecosystem structure and function from many scientific perspectives.

Scientific Approach

Effective restoration and recovery require interdisciplinary science. Understanding the history of land use and ecosystem variability helps define the natural bounds of the function of unperturbed ecosystems and the factors that shaped its current status. A clear picture of the current status exposes the extent of impairment and quantifies continuing sources of stress (e.g., incoming chemical contaminants or immigration of invasive species) and their effects on current ecosystem structure. In chemically contaminated environments, no-effect thresholds for contamination must be established to predict thresholds for ecological recovery. Communication with stakeholders sets the targets for future structure and function. Evaluation of those targets helps to determine the natural limits to restoration, and to establish realistic goals and criteria for success. Models of the effects of stressors on ecosystem structure and function help to predict realistic timeframes and reasonable responses to alternative management actions, and enable managers to move impaired ecosystems toward their goals for recovery, containment or mitigation. Databases are needed to fuel the models and establish baselines. Consultation with land and resource managers is necessary to examine the tradeoffs and risks of management actions and develop a framework for restoration. Monitoring and measurement of changes in the ecosystem will help to evaluate the performance or remediation and restoration actions that enable systems to be adaptively managed. 

Scientific study of individual impaired ecosystems provides vital building blocks for broader scale cross-ecosystem analysis and lessons learned. Because restoration and recovery efforts across the landscape have been largely independent, their results have never been brought together and analyzed to determine the most effective courses of action and the real requirements for new information.  Both the understanding of issues in individual ecosystems, and cross-ecosystem analysis are critical to move the science into a more mature phase of understanding.

Opportunities for Integrated Science 

A wide range of physical, chemical and biological expertise is required to characterize the structure and function of an impaired ecosystem and its potential for recovery. Hydrologists, ecologists, biologists, toxicologists, paleontologists, geologists, chemists, geographers – in short, the spectrum of disciplines within USGS, are needed to determine the history, status, variability and dynamics of the ecosystem, evaluate stressors, delineate what factors might be changed to move toward a restored range of variation, and plan monitoring.  Hydrologic and ecological, and geochemical modelers are needed to evaluate targets, set realistic timeframes and test management alternatives. Remote sensing is especially valuable in monitoring and analyzing land use changes. The history and variability of ecosystems is preserved in natural and man-made records interpretable through disciplines such as geochemistry, paleontology, and photogrammetry. Toxicologists and ecologists can evaluate the effects of stressors and changes on biota and biotic communities. Such a multipronged approach necessitates collaboration of multiple disciplines.  Much research related to restoration is already underway in different parts of USGS and in various places throughout the country. 

Many programs are already involved in restoration because the science cuts across so many scientific disciplines. Aspects of restoration are in 5-year plans, where they are available. Though many groupings are possible, program interests can be divided as follows, though many programs would fit into several of the categories:

Source and effects of stressors: Contaminants, Toxics, Invasives, Minerals, Energy, NAWQA

Understanding system disturbance: Ecosystems, Geographic Analysis and Monitoring Land Remote Sensing, Earth Surface Dynamics, Status and Trends

 Critical environments: Place-Based Studies, Coastal and Marine Geology

Ecosystem components: Ground Water Surface Water and Water Quality, Fisheries, Wildlife, Elevation Program, Geologic Mapping, Hydrologic Research & Development, Cooperative Water Program

Regional priorities also include restoration as a focus. The eastern United States, dominated by rapidly growing coastal population centers and an aging industrial infrastructure, has great need for restoration activities.  The Eastern Region of the USGS places high priority on both local and regional scale integrated studies that would focus on the restoration (and protection) of critical habitat in estuarine ecosystems, fragmented habitats and ecosystems within the fringe areas of urban sprawl, and aquatic and terrestrial ecosystems within areas historically impacted by mineral and energy resource extraction. The Central Region, with serious issues related to abandoned mine lands, irrigation drain water, invasive plants, and integrity of river systems, reflects these priorities in its “opportunities" on adaptive management of river restoration for the lower Missouri River corridor, environmental health on the US/Mexico border region, and sustainability of competing factors in the Northern Rockies, Rocky Mountain Front Range urban/wildland interface, and the Upper Colorado River Watershed. Restoration is also a theme throughout Western Region’s planning issues. Western Region shares concerns for the US/Mexico border region, integrity of large Rivers (Colorado River), and pit lakes resulting from open-pit mining operations. It also focuses its restoration science interests in San Francisco Bay/Delta, coral reefs and other coastal waters, Desert Ecosystems, habitat restoration in urban environments and fire-impacted ecosystems in rangelands, shrublands and forested ecosystems. These types of environments share problems related to invasions of nonindigenous species, loss of habitat, degradation of water quality, species declines, sediment, contaminants, and flows. 

Role of USGS

USGS has the capabilities to provide the sound scientific basis and interdisciplinary approach that successful ecosystem restoration and recovery require. USGS has experience in fielding interdisciplinary scientific teams for such problems, and a well-defined role in providing scientific information to improve the management and restoration of DOI lands and resources.  USGS has an obligation to gather and analyze this information so that it can advise the DOI, through its provision of scientific information, on effective recovery of impaired ecosystems. The USGS role in developing tools for decision support and monitoring of Federal lands would also be served by these activities. USGS information and tools that developed in one area can be applied to similar problems elsewhere and are useable by a broad user community in government and the private sector. Furthermore, USGS is capable of working on ecosystems that cross political and disciplinary boundaries that often restrict the purview of other agencies and scientists.

Stakeholders for the Science

Stakeholders in ecosystems across the country would use the results of this science to improve the effectiveness of their management and restoration actions. Within DOI, the BLM has countless dumpsites throughout their lands.  Their current strategy is to scrape the contamination into a pile, cover it with clay and plant grass, but they recognize that these actions do not constitute restoration.  They have requested our help in developing strategies to restore ecosystem structure and function to these lands.  The Fish and Wildlife Service (FWS) is required to estimate natural resource damages on Superfund sites, but FWS actions could be more effective if the scientific foundation for their activities was improved. Invasive species reduce the value for habitat and recreation of the lands of FWS, NPS, BLM, Bureau of Indian Affairs, and Bureau of Reclamation.

USGS science is also critical to restoration efforts of U.S. Environmental Protection Agency, Dept of Agriculture (including USFS and NRCS), Department of Defense (including US Army Corps of Engineers) Department of Energy, and other land management agencies. Beyond Federal agencies, States, local communities, private landholders and regional watershed groups are also at the table as stakeholders in issues involving restoration and recovery. 

Criteria for Selecting an Issue and Place

Restoration science is an area that USGS currently is making a significant mission-relevant contribution, but better coordination of USGS expertise across a wide range of disciplines could make USGS a leader in this field. USGS has many ongoing activities related to restoration science across the country. South Florida, Puget Sound, environments inhabited by sage grouse, coastal Louisiana and other coastal and wetland areas, abandoned mine lands, hazardous waste sites, urban areas, rivers, debris-flow tracks, sagebrush scrub ecosystems and other areas beset by contaminants, invasive species, landslides and fire may be good candidates for enhanced interdisciplinary scientific study and analysis focused on ecosystem restoration and recovery. A broader analysis of experience in these places would draw on information generated in these sites for a synthesis of lessons learned. This analysis, perhaps in a workshop setting, is critical to moving our science forward.

Initial efforts to coordinate USGS program activities related to restoration within existing resources must look for commonalities among ongoing activities -- in terms of classes of restoration activities, actual project locations, and existing stakeholders. Initial efforts should increase the dialogue among involved scientists regarding current projects that could most benefit from other USGS expertise that is not currently involved in their current project. Appropriate sites for scientific study should have a combination of scientific and partnership opportunities. The priority areas of DOI, and DOI Bureaus are important considerations in prioritizing opportunities, and should provide a test bed for management goals. Good working relationships with willing partners and a strong and effective stakeholder group is a strong plus, but partnerships alone do not make for a good outdoor laboratory to test hypotheses. The potential for scientific success and the range of stressors must also be a factor in the selection.  Scientific information should be representative and transferable to other areas. National issues should be represented. Studies should engage a broad range of disciplines to enhance on USGS capabilities, and stimulate the long-term interest of relevant USGS programs so that we can build on previous investments and lessons learned.

Without new funding, the most likely approach to yield successful collaborations requires gradual realignment among programs active in restoration and acceptance of these changes by the Department of Interior and Interior Bureaus that are served by those capabilities.  These two requirements depend upon sustained Bureau commitment to building scientific capabilities and collaborative activities in restoration over the long term. In this budget climate it is unrealistic to expect that new coordinated, multi-program activities at new sites could be undertaken without considering the important differences in program mission, commitments to existing stakeholders, planning horizons, funding constraints and competing priorities within each program. Common pursuit of reimbursable resources may provide useful assistance, however, this will require coordinated approaches to customer agencies.

Next Steps

1. A section for the Director’s Annual Guidance will be written based on a summary of this document.

2. A USGS workshop on Restoration/Recovery will be developed to facilitate cross comparison of scientific and management understanding of restoration. The workshop should incorporate the ideas of the broader range of scientists with expertise in those areas.

3. Scientific aspects of the budget initiative will be further developed 
