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Vision Statement
The Appalachian LCC is a science and management partnership to protect the valued resources and biological diversity of the Appalachian region, sustain the benefits provided by healthy and resilient ecosystems to human communities, and help natural systems adapt to large landscape-level stressors and those stressors that may be magnified by the changing climate.

Mission Statement
The Mission of the Appalachian LCC is to achieve sustainable landscape-level conservation through partnerships, shared resources, enhanced science-based management capacity, landscape level planning, and supporting conservation actions and research as part of a national network.

Background
Appalachia is in an era of monumental conservation challenges. These include: the wholesale loss and fragmentation of natural habitats; genetic isolation of species; increasing threats associated with wildfire and change in natural disturbance regimes; dramatic changes in the water cycle with an increased risk of flooding as well as water scarcity; and the expansion of harmful invasive species. The effects of these threats will be exacerbated by expanding and emerging land-use changes and the changing climate. It is imperative that natural resource management agencies, science providers, conservation organizations and other industries and communities work together to understand the impacts of these stressors and determine how best to address these challenges within the Appalachian region.

The mountain region and drainage system along the Cumberland Plateau represents the richest of temperate areas in North America in terms of its biodiversity which evolved due to the Appalachian region’s diverse topography with long broad ridges, steep slopes, deep  gorges and wide intermountain valleys and geologic stability over long evolutionary time-scale periods. This unique combination of physical characteristics and history has resulted in a broad range of microhabitats and the presence of numerous species and communities that at one time existed in abundance but now only survive in particular places in the region.

Numerous invertebrates, salamanders, crayfish, freshwater mussels and fish are restricted to single watersheds or peaks due to millions of years of isolation and favorable conditions. The Southern Appalachians are a global hotspot for aquatic species diversity in part because streams and rivers drain toward the south, allowing aquatic species to persist during successive glaciations.
Human communities across the region are heavily reliant on nature-based industries, historic traditions of sport hunting, fishing and outdoor recreation, logging, and agriculture. The mountains in the region play a critical role safeguarding and buffering the headwaters of key watersheds that serve the heavily populated regions of the North Atlantic, South Atlantic, and Great Lakes. Major threats to the biological diversity, as well as the environmental services and benefits to society they provide, include the complete loss, fragmentation, or disturbance to terrestrial and aquatic systems due to expanding energy development, urban and suburban expansion with its attendant pollution and roadways, and changes to the hydrologic cycle due to extreme levels of water consumption, withdrawal, and increased variability in the climate system.

Map of the Appalachian LCC with National Land Cover Database Overlay
[image: AppLCC_NLCD]

Cooperative Structure
The organizational structure of the Appalachian LCC governance consists of four levels (see figure 1): (1) Interim Steering Committee level (ISC) which is the decision-making and oversight body with the Executive Sub-Committee as a sub-set drawn from the full Committee; (2) Staff and Team level (includes Core LCC staff (hired) or partner staff assigned to support the Appalachian LCC, or other leading experts to serve as part of a technical advisory team in support of the work of the Appalachian LCC); (3) Group level (working or advisory groups established to address specific topics or issues, often drawn from the Partnership-at-Large (i.e., the partner organizations represented on the ISC); and (4) Stakeholder level (recognized as a component of the Appalachian LCC structure to reflect the formal commitment of the Appalachian LCC to engage, and put in place, a process to report-out on the work of the LCC as well as to solicit feedback and suggestions from the broader stakeholders groups of impacted members of society across the Appalachia region).

For more information about the Appalachian LCC, please visit the Appalachian LCC website, http://www.applcc.org.
[bookmark: _Toc184879331]PART I.  Appalachian LCC Overview
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[bookmark: _Toc184879333]1.1. Landscape Conservation Cooperatives

With his signing of Secretarial Order No. 3289 on Sept. 14, 2009, Department of Interior (DOI) Secretary Ken Salazar launched a climate change response strategy.  A national network of Landscape Conservation Cooperatives (LCCs) was established as one centerpiece of the Department of the Interior’s strategy (See Map 1).  LCCs are applied conservation science partnerships that provide scientific and technical support for conservation at landscape scales.  LCCs will inform resource management decisions to address landscape-scale stressors including habitat fragmentation, genetic isolation, spread of invasive species, and water scarcity - all of which are magnified by climate change.  LCC partnerships will include federal agencies, states, tribes, nongovernment organizations, universities and other entities within a geographic area.  LCCs will work collaboratively through partnerships, such as Joint Ventures, State Wildlife Action Plan implementation, National Fish Habitat Partnerships, and others to serve as an umbrella for science assessments, data management, and accomplishing priority science needs.  LCCs will be focused on providing the science necessary to guide informed landscape actions.  Actions of individual LCCs will be coordinated with the national network of LCCs to advance nation-wide approaches to such needs as standardized baseline monitoring, species vulnerability assessments, ecological modeling, invasive species control, and population and habitat distributions and trends. 

The Appalachian Landscape Conservation Cooperative (LCC) (See Map 2) is identified as part of the national network of LCCs.  The Appalachian LCC is intended to be a broad-based partnership of organizations concerned with the conservation of fish, wildlife, plants and their habitats, water, and cultural resources within the Appalachian LCC area.  It will provide a forum for continuous exchange and feedback among partner organizations, scientists, and species and habitat managers in the Appalachians Region.  Appalachian LCC partners will aggregate and consolidate existing information and coordinate research activities to meet common science needs identified across agencies/organizations, with particular attention to how climate change will impact fish and wildlife conservation. A secondary role of the Appalachian LCC will be to coordinate its efforts with those of the national LCC network, and collaborate on even larger-scale issues and projects.  More information on the intended form and function of LCCs is available at http://www.doi.gov/lcc.

INSERT Map 1. National Map of LCCs
INSERT Map 2.  Appalachian LCC Boundary Map
[bookmark: _Toc184879334]1.2. Open Standards for Measuring Conservation Outcomes

A number of conservation agencies and organizations have adopted a multi-step iterative process for developing and implementing conservation, known as Conservation Design by The Nature Conservancy and Strategic Habitat Conservation by the U.S. Fish and Wildlife Service, and the international Conservation Measures Partnership published a report in 2007 describing the Open Standards for conservation (2007).  The Open Standards adaptive management process is an effort to establish uniform terminology among diverse conservation interests.  An excerpt from the Executive Summary states:

Our goal in developing these Open Standards is to bring together common concepts, approaches, and terminology in conservation project design, management, and monitoring in
order to help practitioners improve the practice of conservation. In particular, these standards
are meant to provide the steps and guidance necessary for the successful implementation of
conservation projects. We have borrowed and adapted the term “open standards” from the
information technology field to mean standards that are developed through public
collaboration, freely available to anyone, and not the property of anyone or any organization
and can thus be freely redistributed. What is important about open standards is not only the
standards themselves, but also the means that participants follow to create and manage the
standards. In the development of open standards, any interested party may contribute to their
modification through participation in an industry-sanctioned governing body. For the
conservation community, this means that these proposed standards are common property constantly evolving and improving through the input of a wide variety of practitioners, and
adaptable to individual organizations’ needs.

Open Standards for the Practice of Conservation, Version 2.0, Conservation Measures Partnership, October 2007

The main components of the Open Standards are organized into five steps that comprise
the project management cycle (see figure below). The basic structure of these generic steps is
widely used in conservation and other fields that implement projects to achieve clearly
defined goals. The steps include (taken from Open Standards for the Practice of Conservation, Version 2.0, 2007):

1. Conceptualize what you will achieve in the context of where you are working.
2. Plan both your Actions and Monitoring.
3. Implement both your Actions and Monitoring.
4. Analyze your data to evaluate the effectiveness of your activities. Use your results to
Adapt your project to maximize impact.
5. Capture and Share your results with key external and internal audiences to promote
Learning.

[Figure 1 about here]
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The Appalachian LCC contains the most significant biodiversity “hotspot” east of the Rocky Mountains and is the largest contiguous hot spot area in the nation (Map 3).   The Central and Southern Appalachians are unrivaled in the U.S. for aquatic species diversity and comparable only to China for forest diversity.  Approximately 198 species in this proposed LCC are federally listed as threatened or endangered; of these 108 or 54% are aquatic species (primarily mussels and fish).  The Appalachian Mountains are also a critical migration corridor for over 64 high priority migratory bird species.  

Figure 1.  Open Standards Project Management Cycle Version 2.0
[image: Description: Open Standards]

The Appalachian Mountains stretch from the Canadian Maritime provinces southwest to central Alabama in a 1500-mile unbroken chain. Characterized by its mountainous geography rich in biodiversity and unique culture, the chain of mountains can be divided along geographic and ecological lines into three sections - Northern, Central and Southern. The Central and Southern Appalachians and associated landforms serve as the focal point of the Appalachian Landscape Conservation Cooperative stretching from New York to Alabama.  

The region’s diverse topography with long broad ridges, steep slopes, deep gorges and wide intermountain valleys, and geologic stability over long periods of evolutionary history has resulted in a broad range of microhabitats and the presence of numerous relict species and communities. A host of plants, invertebrates, salamanders, crayfish, freshwater mussels and fish are restricted to single watersheds or peaks due to millions of years of isolation and favorable conditions.  Over 6,300 plant species are known from the region.  The Appalachian Mountains are among the richest of temperate areas, providing habitat for over 250 birds, 78 mammals, 58 reptiles and 76 amphibians (Pickering et al. 2002).  One-third of the known salamander species are found in North America; the highest concentration of these is found in the Appalachian Mountains region.  A new species of the lungless salamander family Plethodontidae was discovered in the Appalachian foothills of northern Georgia in 2007 (Camp et al. 2009).  This miniature species, c. 25–26mm (adult standard length), is so distinctive genetically and morphologically that it warranted a new genus, the first new genus of amphibian described from the U.S. in nearly 50 years.  The Southern Appalachians are a global hotspot for aquatic species.  Mussel, fish and crayfish richness is unparalleled, in part because streams and rivers drain toward the south, allowing aquatic species to persist during successive glaciations.  As a measure of aquatic species richness, 290 fish species are known from Tennessee, more than all of Europe (Stein et al. 2000).  

INSERT Map 3.  Biodiversity Hotspots in U.S.
[bookmark: _Toc184879336]1. 4. Key Species and Habitats
1.4a. Aquatic
Nearly half of the crayfish, freshwater fish, and amphibians in the Southern Appalachians are at risk of extinction (Smith et al. 2002).  Approximately 108 aquatic species in the Appalachian LCC are federally listed as threatened or endangered, due primarily to habitat degradation and population segmentation.  The Upper Tennessee River Basin is one of the most diverse aquatic habitats in the world and contains dozens of rare freshwater mussel species.  Many freshwater mussels are endangered due to water pollution and disturbance or destruction of their natural habitats.  In the last 150 years, there has been a steady decline in the number of freshwater mussels in the U.S. (Williams and Neves 1993).  

Waterway alterations have led to major mussel population declines and extirpations from large areas of many species’ historical ranges (USFWS 1985).  This is also true of other aquatic species.  Dams and their impounded waters present physical barriers to the natural dispersal of mussels, including emigration (dispersal) of host fishes, and isolation of surviving mussel 
populations in limited portions of their range. Small isolated aquatic populations are subject to natural random events (i.e., droughts, floods) and to changes in human activities and land use practices (i.e., urbanization, industrialization, mining, certain agricultural activities and practices, etc.).  These changes may severely impact aquatic habitats (Neves et al. 1997). Without avenues of emigration to less-affected watersheds, mussel populations gradually disappear where land use activities result in deterioration of aquatic habitats. 

In addition, freshwater mussels, which require fast flowing, silt free streams and rivers in order to survive, are susceptible to adverse effects caused by siltation in waterways. The main causes of siltation are road construction, poor agricultural land management practices, and deforestation.  In addition to siltation, freshwater mussels are also threatened by heavy metals, agricultural chemical runoff, and acid mine drainage (Williams and Neves 1993). 

The recent introduction of non-native mussel species poses another serious threat to freshwater mussel survival. In particular, the rapid expanse of the Zebra mussel and Asian clam ranges could pose a direct threat to endangered mussel populations within the United States.

1.4b. Terrestrial
Appalachian mountain forests span over 1,500 miles of Canada and the Eastern U.S. and serve as a critical migration corridor and breeding habitat for migratory birds, including neotropical migrant species such as the cerulean warbler, hooded warbler, and wood thrush.  Many of the priority migratory birds are considered to be area-sensitive, requiring continuous forested tracts. Many also avoid forest edges during nesting and therefore are considered forest interior species.

The Appalachian-Blue Ridge forests consist of two major forest community types, corresponding to elevation gradients. At lower elevations, between 250 and 1350 meters, mixed oak forests dominate. Old-growth cove forests at mid-elevations once supported massive tulip poplars, chestnuts, red spruce, and oaks. Above 1,350 m, spruce-fir forests develop and dominate the landscape. Along high elevation ridges, red spruce, the endemic Fraser fir, and balsam fir dominate.

Understory plants in the Southern Appalachians are incredibly diverse but many are highly susceptible to alteration of the forest canopy.  More than 2,000 species of vascular plants occur in the Southern Appalachians, making it one of the most botanically diverse regions in the temperate zone, and therefore an area considered to have high potential for future medicinal plant research and development.  Hundreds of these species, including herbaceous understory plants such as the federally listed endangered small whorled pogonia, are at risk of extinction due to land use practices and development.  Many species have restricted ranges and occur in specialized habitats, or require intact canopy and moist understory conditions, which are destroyed by logging.

Spruce-fir forests have a coniferous overstory. Fraser fir is endemic to the southern Appalachians and can form almost pure stands on the highest peaks. This community type is a Pleistocene relic that is now confined to a limited number of high mountains in southwestern Virginia, eastern Tennessee, and western North Carolina. A number of breeding bird species associated with the northern boreal forest occur in these communities: northern saw-whet owl, winter wren, golden-crowned kinglet, red-breasted nuthatch, and common raven. Spruce-fir is the least abundant forest community type in the southern Appalachians and is separated into disjunct patches due to its elevational limits. There is concern about the persistence of some endemic species such as the northern flying squirrel and the spruce-fir moss spider.  The Spruce-fir moss spider is a federally listed endangered species of spider found at high elevations in the southern Appalachian Mountains. First identified in 1923, they inhabit moss that grows on rocks underneath the forest canopy.

1.4c. Karst
Ancient limestones have eroded into extensive karst formations in some areas, creating a network of sinkholes, underground streams, caves and unusual communities on limestone. During the Pleistocene glaciations, the Appalachians acted as a mesic and thermal refuge for a number of species and communities. In a similar manner, after the retreat of the glaciers, cold-adapted communities, such as cranberry bogs, remained in refugia in cooler portions of the Appalachians, well south of their usual range.  The prevalent limestone and karst formations in this ecoregion are associated with a cave fauna of salamanders, fish, and invertebrates. The diversity and distribution of these species are not well known, but they likely rival cave faunas around the world in richness and endemism.   Cave habitats in the Appalachian LCC support several federally listed species including the Madison cave isopod, Townsend’s big-eared bat and Indiana bat.
 
Figure 3. Definition of Common Terms
Trust species: A federal trust species is a species that crosses multiple jurisdictions and/or state boundaries. These include migratory birds, interjurisdictional fish, and species federally listed as endangered, threatened, or are candidates for listing. 

Priority species: Priority species are those that, because of management need, vulnerability, geographic areas of importance, financial or partner opportunity, political sensitivity, or other factors, need time and resource efforts above the needs of some other species.

Species of Greatest Conservation Needs (SGCN): Species of greatest conservation need are defined by each state in their State Wildlife Action Plan (SWAP). The definition of a SGCN may be different in each SWAP. SGCNs often meet some of the following criteria. They may be: imperiled, rare, federally listed, species that are imperiled, rare or federally listed. SGCNs are identified in State Wildlife Action Plans (SWAPs). 












See Appendix I.  List of Key Species Identified by Federal, State and Other Partners of Appalachian LCC

See Appendix II.  Existing Recovery Plans for Appalachian LCC Species and National Leads
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Land use patterns vary widely within the Appalachian LCC, depending on climate, topography, soils and human population distribution. General land area cover estimates based on the National Land Cover Dataset (Map 4) indicate that approximately 62% of the Appalachian LCC is forested while pasture/hay/grassland and cropland account for 18% and 8% of land use, respectively (Figure 1).  Timber, agriculture, mining, and manufacturing were the traditional mainstays of the Appalachian economy into the mid-20th century. While industry employment data specific to the Appalachian LCC are not available, data from the Appalachian Regional Commission study area indicate that recently other industries such as new energy development have replaced agriculture and mining as more important economic forces.  

INSERT Map 4.  Land Use within the Appalachian LCC
2.1a. Agriculture and Forestry
Agricultural and forestry development together total approximately 80% of the gross-scale land use in the Appalachian LCC and are driving forces in forest stand quality, forest fragmentation, erosion and sedimentation, pollutant run-off, water quality, and stream stability.  Forested riparian corridors are inadequate or lacking along significant stretches of Appalachian streams, and this may be the biggest challenge to overcome in relation to these industries.  Best management practices (BMPs) required to mitigate these impacts are well established but more widespread use of BMPs is needed.  The U.S. Department of Agriculture (USDA), universities and others are continuously testing techniques that might improve efficacy and/or reduce landowner costs.  The Appalachian LCC could serve an important role in coordinating monitoring to establish baseline and incremental improvements in habitat quality, habitat connectivity, and population viability as a result of strategically planned BMP implementation.  Human dimensions research would help clarify reasons that landowners might decline to participate in BMP cost-share programs, and identify the most effective incentives to increase participation.

{Figure 4.  Pie Chart Depicting Percent Land Use Cover in Appalachian LCC about here]

2.1b. Urbanization
Human population growth is markedly diverse in the Appalachians; while many rural counties have negative growth trends, some urban areas have seen a 100% increase in their populations over the past 20 years.  The sprawl of urban and rural development associated with increasing human populations is a growing threat in the Appalachians.  There is a growing body of evidence showing a negative effect on bird and other wildlife populations through the loss, degradation and fragmentation of habitat.  Urbanization alters ecological structure and function and leads to a homogenization of biotic communities.  Human settlement patterns create complex landscape mosaics that typically fall on a gradient from natural areas through exurban and suburban to urban.  The amount and degree of habitat fragmentation that results from development varies depending on the interspersion of housing or other infrastructure and natural areas within a

Figure 4.  Pie Chart Depicting Percent Land Use Cover in Appalachian LCC


landscape.  The interface of these increasingly urban areas with the adjacent forest is often referred to as the wildland-urban interface.  Studies have shown that the likelihood of establishment and spread of invasive plant and animal species increases along these interfaces.  Human-wildlife interactions also increase, often in undesirable ways such as increased wildlife-automobile collisions and more nuisance encounters (e.g. black bears).

2.1c.  Conservation & Federal Agency Lands
Appalachian LCC staff and expert partners failed in an early attempt to quantify the amount of lands in conservation ownership within the Appalachian LCC boundary, which further high-lights the need for data sharing and standardization among states, agencies and organizations – an important goal of the national LCC network.  Summary information is more readily available for Federal agencies:  Federal ownership is approximately 12% in the Appalachian Region, with National Parks and Forests being the primary land holders of the Federal community, at 1,800 and 24,750 square miles respectively.  The Department of Defense owns approximately 1,500 square miles, Tennessee Valley Authority 1,190 square miles, and Fish and Wildlife Service approximately 327 square miles.  

2.1d. Energy Opportunities & Challenges
Energy development has emerged as a significant economic opportunity for Appalachian communities that carries with it complex challenges for natural resource sustainability and species conservation.  In recent years, permit proposals for natural gas and wind energy development have significantly increased.  Shale, which contains shale gas, has long been considered too difficult to drill until recent horizontal-drilling and hydraulic-fracturing technology breakthroughs.  Exploratory drilling in the Marcellus shale deposit is on the rise.

Coal Mining. Surface mining and underground mining techniques are both prevalent within the Appalachian LCC.  Coal production is an important energy source for the U.S., mostly as fuel for generating electricity and also for making steel.  Environmental concerns include degraded groundwater and surface water from coal fines and chemicals used during processing, acid mine drainage from active and abandoned mines, risks of accidental releases and spills, and direct loss of forest and stream habitats especially through valley fills associated with mountaintop removal.  State and federal laws require that coal operators successfully return mined areas to their pre-mining land uses or better land uses.  The Office of Surface Mining operates the Abandoned Mineland Fund under Title IV of the Surface Mining Control and Reclamation Act (SMCRA, 1977).  Historic coal funds are distributed by formula based on historic coal mining production before the SMCRA in each eligible State or Tribe. A State or Tribe is eligible for historic coal funds if it has an inventory of unfunded Priority 1 and 2 coal problems greater than its State or Tribal share funding.  In general, abandoned mine lands are lands and waters adversely impacted by inadequately reclaimed surface coal mining operations on lands that were not subject to reclamation requirements. Environmental problems associated with abandoned mine lands include surface and ground water pollution, unreclaimed or inadequately reclaimed refuse piles and minesites (including some with dangerous highwalls), sediment-clogged streams, damage from landslides, and fumes and surface instability resulting from mine fires and burning coal refuse. Environmental restoration activities under the abandoned mine reclamation program correct or mitigate these problems. The federal Office of Surface Mining also oversees the Appalachian Regional Reforestation Initiative (ARRI), a voluntary program developed focuses on restoring forests where deforestation has occurred as a result of coal mining in the Appalachians. 
 
INSERT Map 5. Distribution of Marcellus shale and coal fields within the Appalachian LCC

Marcellus shale.  The Marcellus shale formation, a gas-productive formation spread across Pennsylvania, West Virginia, New York, Ohio, Maryland and Virginia, has become the premier natural gas industry focus in the Appalachian Basin.  Shale gas has long been produced from shales with natural fractures. Recently, however, there has been increased development of gas shales due to the introduction of techniques that create artificial fractures around well bores – a procedure known as hydraulic fracturing or “fracking”.  Researchers at Texas A&M University estimate that horizontal wells, undergoing multi-stage fracs, can use between 5 and 6 million gallons of water.  In addition to water and sand, other compounds are injected into the hydraulic solution including friction reducers, biocides, surfactants, scale inhibitors, and hydrochloric acid is also used as part of the fracturing process.  It is possible that the potential for some Marcellus shale drill cuttings to generate acid and mobilize metal pollutants, presenting a serious threat to aquatic systems and communities.  The gas industry is collaborating with universities, communities, and government and non-government partners to develop best management practices for development of Marcellus shale production including addressing concerns for habitat fragmentation resulting from land clearing for well pads and access roads.

Wind Energy.  Promoting green energy development is a national goal of our country, and wind-powered energy is the most rapidly growing renewable energy source.  The Appalachians topography is perfect for siting wind turbines, as evidenced by its long-term significance as an important migratory bird corridor.  It is not yet well understood how wind turbines and turbine fields affect migratory birds, bats or other species.  Of primary concern is direct mortality of birds and bats due to collisions with turbine blades, and cumulative effects must also be assessed.  However, early research indicates that mortalities of birds may be less a concern than previously thought.

Transmission Lines.  The ultimate structure of the electricity industry, as envisioned by the Federal Energy Regulatory Commission, includes large regional transmission organizations (RTOs) that will be responsible for planning and expanding transmission systems on a broad regional scale.  The transmission grid is more than a “highway” linking generators to loads. As explained by the North American Electric Reliability Council (NERC 1997), transmission networks are the “principal media for achieving reliable electric supply.” They deliver electricity from generators to loads; provide flexibility so that the highway functions can be maintained over a wide range of generation, load, and transmission conditions; reduce the amount of installed generating capacity needed for reliability by connecting different electrical systems; permit economic exchange of energy among systems; and connect new generators to the grid.

2.1e  Non-traditional Partnerships
Today’s successful conservationist in the Appalachians has a keen appreciation for the critical importance of considering the needs and desires of others, and working collaboratively outside the traditional conservation community to identify and pursue shared goals.  In order to achieve a sustainable Appalachian landscape, natural resource conservation planning must be merged with economic considerations, including energy development and extraction.  Legal and practical incentives, and disincentives, exist for both conservationists and corporations to dialog and negotiate on often volatile issues.  However, the American people win whenever meaningful and honest discourse is encouraged by government, corporate, and private sector leadership.  The natural beauty and unique culture of the Appalachians deserve the best efforts of everyone involved.  The Appalachian LCC will be a forum that melds the economic with the ecological to investigate, document, recommend, plan, and implement actions that achieve balanced and sustainable outcomes.

[bookmark: _Toc184879339]SECTION 3.  CLIMATE CHANGE
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3.1a. Federal Conservation Agencies
DOI Secretarial Order No. 3289 (2009) provides a framework to coordinate efforts among Interior bureaus and to integrate and leverage science and management expertise with partners.  Landscape Conservation Cooperatives and DOI Climate Science Centers form the cornerstones of this integrated approach to climate-change science and adaptation. Each has a distinct science and resource-management role but also shares complementary capacities and capabilities.  The Department committed to bringing new resources to the table to meet climate change challenges:

· Climate Change Impact Science: Regional Climate Science Centers and Landscape Conservation Cooperatives will conduct and communicate research and monitoring, improving our understanding and forecasting of climate change impacts and vulnerabilities. They will support strategic decisions in response to those vulnerabilities, with CSCs providing centers for basic climate change science associated with broad regions of the country and LCCs focusing more on applied science at the landscape level. 
· Data Integration and Dissemination: This effort will support the integration of our nation’s scientific database, improving availability and dissemination of climate change impact and vulnerability information, and access and decision-support to scientists, resource managers, decision makers, and the general public through www.data.gov and other appropriate mechanisms. 
· Enabling Science-Based Adaptation Strategies: By providing integrated scientific and technical capacities to support cultural and natural resource managers, they will be able to design and implement strategic and adaptive responses to changing climate. 

The U.S. Fish and Wildlife Service’s Strategic Plan and for Climate Change (2009) and 5-Year Action Plan (2009) first presented the concept of Landscape Conservation Cooperatives.  The FWS and DOI established the network of LCCs to guide the Department’s responses to climate change and the attenuating impacts of other large-scale stressors that interact with climate drivers.  Conservation paradigms are shifting nationally as a result of climate change influences and there is an urgent need to form partnerships that have large geographic visions for activities to be planned and sustained over longer time periods.  The U.S. Fish and Wildlife Service has adopted three key strategies to address climate change: Adaptation, Mitigation, and Engagement.

Adaptation is defined by the Intergovernmental Panel on Climate Change (IPCC) as an adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities. For the Service, adaptation is planned, science-based management actions that we take to help reduce the impacts of climate change on fish, wildlife, and their habitats. Adaptation forms the core of the Service’s response to climate change and is the centerpiece of our Strategic Plan. This adaptive response to climate change will involve strategic conservation of terrestrial, freshwater, and marine habitats within sustainable landscapes.

Mitigation is defined by the IPCC as human intervention to reduce the sources or enhance the sinks of greenhouse gases. Mitigation involves reducing our “carbon footprint” by using less energy, consuming fewer materials, and appropriately altering our land management practices. Mitigation is also achieved through biological carbon sequestration, the process in which CO2 from the atmosphere is taken up by plants through photosynthesis and stored as carbon in tree trunks, branches and roots. Sequestering carbon in vegetation such as bottomland hardwood forests or native prairie grasses can often restore or improve habitat and directly benefit fish and wildlife.

Engagement involves reaching out to Service employees, local, national and international partners in the public and private sectors; key constituencies and stakeholders; and everyday citizens to join forces and seek solutions to the challenges to fish and wildlife conservation posed by climate change. By building knowledge and sharing information in a comprehensive and integrated way, the Service and its partners and stakeholders will increase our understanding of global climate change impacts on species and their habitats and use our combined expertise and creativity to help wildlife resources adapt in a climate-impacted world.



3.1b  States 
State Wildlife Action Plans prepared by natural resource agencies describe monitoring species and their habitats, monitoring the effectiveness of the conservation actions proposed, and
adapting these conservation actions to respond appropriately to new information or
changing conditions, including climate change.  Other agencies at the state and federal level have also identified a need to plan strategically for climate change.  The following states had published climate change plans or reports at the time of publication of the Appalachian Development and Operations Plan:

[Figure 5. State-level Climate Change Plans about here]]
[bookmark: _Toc184879341]3.2. Climate Change Observed
Climate changes are already evident in Appalachians.  Assessments conducted at greater regional levels in the Northeast and Southeast U.S. indicate increasing temperature trends over the past
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	State
	Climate Change Plan Information

	
	

	Alabama
	Policy Planning to Reduce Greenhouse Gas Emissions in Alabama (1997)

	Illinois
		
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	1. Illinois Climate Change Advisory Group: Final Recommendations to 
the Governor (2005)

2. A Climate Action Plan (2010)

	
	
	
	
	

	
	
	
	
	
	
	
	
	




	Kentucky
	Kentucky Climate Action Plan Council (2010)

	Maryland
		1. Plan for Reducing Maryland's Greenhouse Gas Emissions by 25% by 2020 (2010)
	

	
	
	
	
	
	
	
	
	

	2. Climate Action Plan/Interim Report (2008)
	
	
	
	

	
	
	
	
	
	
	
	
	

	3. Maryland Commission on Climate Change Adaptation and Response 
Working Group (2008)




	North Carolina
	Climate Action Plan completed (2007)

	Pennsylvania
	Pennsylvania: Final Climate Change Action Plan (2009)


	South Carolina
	Climate, Energy, and Commerce Action Plan (2008)

	Tennessee
	Tennessee Greenhouse Gas Emissions Mitigation Strategies (1999)

	Virginia
	Climate Change Strategy for Wildlife (2009)


	
	

	Southeastern U.S.
	U.S. Global Climate Change Research Program Regional Climate Impacts: Southeast (2007)


several decades (U.S. Global Climate Change Research Program,  Karl et al. 2009) and suggest these will result in:

· longer growing seasons
· reduced number and duration of snow pack and ice-over events
· increasing frequency of days with extreme heat
· increasing water temperatures, and
· increased evapotranspiration by vegetation and in streams  

Temperature changes will set into motion a cascade of environmental changes such as increased stream temperatures (which can reduce oxygen availability and other water quality parameters), increased stress on all species during extreme heat waves, and lower ability of native flora and fauna to compete or combat non-native invasive species and diseases.

Annual mean precipitation has also changed, generally increasing by approximately 0.14% per year. Changes in precipitation vary at the local level. Similar to observed mean temperature changes, changes observed for precipitation during summer months (June through August) were greater than the annual means (0.21% per year).  These changes will result in changes to climate such as (Global Climate Change Research Program, Karl et al. 2009):

· increase in storms/heavy precipitation events
· earlier spring snowmelt resulting in higher peak flow periods
· changes to annual water budgets
· scouring effects of intense storms, which will increase erosion and sedimentation and alter the geomorphology of stream habitats including mussel beds  
· periodic drought conditions or decreasing precipitation trends that could have extreme impacts on aquatic species dependent on specific instream flow regimes for feeding and survival, and
· reductions in instream flow will also further exacerbate sedimentation, nutrient, and chemical contaminants in the waterways

Significant changes in precipitation intensity, duration, and timing will have profound effects on all species within the Appalachian LCC, including humans. Impacts will include changes in species distribution, abundance, and assemblages, or difficult-to-anticipate combinations of these. In addition, changing conditions will likely increase population fragmentation and species extinctions. Competition for sometimes scarce water resources will increase the risk for adversity between urban, agriculture, industry, and natural resource interests.  These factors will combine to influence the future condition of biotic communities of the Appalachians. Some examples documented in peer reviewed literature include:

· Climate will bring additional threats to systems already stressed by development, fragmentation, pollution, and invasive species (Rogers and McCarty 2000, Noss 2001, Willis et al. 2010). Changes in the frequency and severity of disturbances will contribute additional stresses (Dale et al. 2001, Seidl et al. 2011).
· Forest types and tree species distributions will generally migrate northward but fragmentation and other factors may prevent dispersal and lead to localized extirpations (Honnay et al.2002, Iverson and Prasad 2002, McKenney et al. 2007, Opdam and Washer 2003). 
· Other terrestrial species distributions are changing, or will likely change, as a direct result of changing climate conditions or in response to changing vegetation (Currie 2001, Huntley 2008, McCarty 2001, Parmesan 2006, Parmesan and Yohe 2003, Thomas et al. 2004, Travis 2003).
· Annual phenological events measured over the latter portion of the 20th century appear to be trending earlier; a pattern observed across several taxa and geographic areas  (Inouye at al.2000, Walther et al. 2002).  Misaligned phenologies will increase species’ stressors and mortality.
· Climatic changes will alter hydrologic regimes (Meyer et al 1999, Rouse et al. 1997) and greatly impact aquatic species; particularly those found in the higher elevations of the Appalachians (Flebbe et al.2006).
[bookmark: _Toc184879342]3.4. Highly Sensitive or Vulnerable Habitats and Species 

Aquatic biodiversity within Appalachian streams is remarkably unique, and this region is recognized as a global stronghold for freshwater mussels.  With over 108 aquatic species listed under the Endangered Species Act, concern is high for negative influences of climate change on hydrologic regimes.  In addition, species that are less closely associated with aquatic habitats but that also require specific moisture conditions such as karst species, bats, amphibians and wetland dependent birds may also be at risk.  Species of salamander are numerous and found in most moist or arid habitats in the northern hemisphere, but they usually live in or near brooks, creeks, ponds, and other moist locations.  

There is also concern for high elevation species such as the spruce-fir moss spider, and the spruce-fir forest community in general.  Populations of species having limited dispersal capabilities and specialized habitat needs may be effectively isolated from habitat patches on distant peaks. Limited habitat area means these species have small population sizes which are vulnerable to extinction. These forests were impacted around 1900 by logging and in the latter half of the 20th century by air pollution and the balsam wooly adelgid, an exotic insect that attacks Fraser firs. Logging and associated impacts may have reduced the extent of these forests by 50%, and mortality rates of fir due to pollution and the adelgid by a range of 45-90% (White et al. 1993).  Most spruce-fir sites are now in public ownership and protected and managed by U.S. Forest Service or National Park Service. However, restoration efforts have met with limited success and the prognosis for the future health of this ecosystem is not positive. 
[bookmark: _Toc184879343]3.5. Appalachian LCC as a Climate Refugia and Continental-scale Connectivity Corridor

During the Pleistocene glaciations, the Appalachians acted as a mesic and thermal refuge for a number of species and communities. In a similar manner, after the retreat of the glaciers, cold-adapted communities remained in refugia in cooler portions of the Appalachians, well south of their usual range.  The Appalachians may buffer, to some degree, the warming temperatures resulting from climate change.  Thus the Appalachian LCC region may well serve a critical role to create corridors to support species and habitat migrations ahead of climatic change.  Research suggests that mountainous regions have provided refugia historically during periods of climate change (Rull 2008). However, there remains cause for concern, especially for certain species and habitats.  The Appalachians may have critical importance as a refugia for species facing changing climates, but definitive research is lacking (Trivedi et al. 2008).  Also, other threats and stressors already evident on the landscape in the Appalachian LCC may limit resiliency. 

A highly functioning Appalachian LCC will be key to prioritizing and providing the information necessary to make accurate predictions and sound science decisions regarding our responses to climate change threats.  In 2009, the USFWS and USGS gathered information from a network of researchers working in the Central Appalachians to gain insight into the current number of climate change studies and the diversity of topics.  In addition to state and federally-sponsored species vulnerability assessments, there were over 20 on-going climate change research efforts at that time.  This initial assessment demonstrates that existing climate change science capacity is available as a building block for the Appalachian LCC partnership.

[bookmark: _Toc184879344]PART II. SCIENCE CAPACITY RESOURCES
[bookmark: _Toc184879345]SECTION 4.  SCIENCE CAPACITIES FOR SUPPORT OF THE APPALACHIAN LCC
[bookmark: _Toc184879346]4.1. Existing Science Capacities within DOI

Key to the success of LCCs will be advancements in data integration across agencies, scientific and technological disciplines, and geographic and political boundaries.  These include geospatial data, such as water quantity and quality, soils, vegetative cover and land use, invasive species distributions, and trends of native animal and plant populations.  DOI has committed to a unified monitoring and data management effort that will promote data integration procedures to facilitate data sharing.  This effort will rely heavily on partnerships with non-DOI agencies and organizations, as most of the data and information needed exists or will exist in databases outside the Department of Interior (e.g. at NOAA, EPA, USDA, NASA) or beyond the Federal government (e.g. Heritage Programs, States, NGOs, NatureServe).  Data integration across these sources will be modeled after similar efforts in private sector industries, and can be accomplished over time using an incremental, “modular” approach as financial and logistic hurdles are overcome. 

4.1a   Financial and Science Resources
Enhancing existing science capacities and developing new capabilities will be directly dependent on successes in partnering to consolidate funding and in-kind services.  Initial activities will focus on conservation planning and design for “top science needs” as selected by a consortium of Appalachian LCC partners representing diverse areas of expertise and affiliations at a 2-day workshop held in November of 2011 in Blacksburg, Virginia.  The Service and other DOI agencies are committed to providing continued support for LCC activities.  However, this will need to be augmented by state agency resource management funding, private partner contributions, corporate partnerships and competitive grant programs.  

The Service maintains over thirty field offices within the boundaries of the Appalachian LCC and all of these will be engaged to an appropriate degree.  The development of the Appalachian LCC presents a tremendous opportunity to leverage existing capabilities of partners in a geographic region involving all or parts of 15 states. Contemporary partnerships will form the basis for strategic conservation and landscape level planning throughout the Appalachian LCC.

Existing capacities within Federal, state and local agencies, conservation organizations and colleges and universities with interests in the Appalachian LCC are many. Continued development and coordination of these capacities is paramount to the success of the Appalachian LCC. Science capacities and resource needs can best be addressed through cooperative research and monitoring efforts. Cooperative Research Units, recently developed Cooperative Ecosystem Studies Units (CESUs), agency research centers and university research programs are key to this effort.

4.1b. U.S. Geological Survey Cooperative Research Units
U.S. Geological Survey (USGS) Cooperative Research Units (Co-ops) conduct research on renewable natural resource questions, participate in the education of graduate students, provide technical assistance and consultation on natural resource issues, and provide continuing education for natural resource professionals. There are 40 USGS Co-ops in 38 states. Each unit is a partnership among the U.S. Geological Survey, a State natural resource agency, a host university, and the Wildlife Management Institute. 

There are USGS Co-ops located in the states that are within the boundaries of the Appalachian LCC working on a variety of topics depending on partner interests and staff expertise (See Figure 6).

[Figure 6. USGS Co-ops in the Appalachian LCC about here]

Other USGS Cooperative Research Units located outside of the Appalachian LCC have demonstrated research interests in the LCC. 

4.1c. Cooperative Ecosystem Studies Units
A national network of 17 Cooperative Ecosystem Studies Units (CESUs) provide research, technical assistance, and education to federal and state land management, environmental, and research agencies and their potential partners. Multiple federal and state agencies and colleges and universities are among the partners in the program. Ecosystem studies involve the biological, physical, social, and cultural sciences needed to address resource issues and interdisciplinary problem solving at multiple scales and in a landscape context.

Portions of the LCC fall within the geographic area of six CESUs (See Appendix III):

· Chesapeake Watershed
· Great Lakes – Northern Forests
· Great Rivers
· Gulf Coast
· North Atlantic Coast
· Southern Appalachian Mountains

4.1d. USGS Climate Change Centers 
The Department of Interior operates the National Climate Change and Wildlife Center (NCCWSC) at the National Headquarters of the U.S. Geological Survey. Under Secretarial Order No. 3289, DOI is expanding the scope and geographic reach of climate-science efforts by establishing eight additional regional Climate Science Centers. These centers will provide scientific information, tools and techniques that land, water, wildlife and cultural resource managers and other interested parties can apply to anticipate, monitor and adapt to climate and ecologically-driven responses at regional-to-local scales.
Figure 6. USGS Co-ops in the Appalachian LCC
	Unit Name (Location)
	Aquatic Specialists
	Terrestrial Specialists

	Alabama (Auburn University)
	Irwin - Lotic fish ecology and management; adaptive management of natural resources; landscape ecology; conservation of aquatic natural resources
	Grand - Ornithology; Waterfowl Ecology; Population Biology & Management.  

	 
	 
	McGowen - conservation and management decision support science; endangered species and birds (especially shorebirds); population and ecological modeling 

	Georgia (University of Georgia)
	Jennings - Fish ecology; Conservation biology
	Conroy - Ecology and Wildife Management; Population Dynamics; Biostatistics

	 
	Peterson - Aquatic ecology and stream fish communities; Physical and biotic factors at multiple scales.; Population dynamics; Fish-habitat/landscape relationships; Evaluation of collection and population-estimation techniques
	 

	Maryland (University of Maryland - Eastern Shore)*
	 
	 

	New York (Cornell University)
	Fisher - Modeling species-environment relationship; Evaluating environmental flows in rivers; Sampling design and methodology; Application of geotechnology 
	Fuller - Landscape ecology; Community ecology;  Conservation biology

	North Carolina (North Carolina State University)
	Hightower - Anadromous fish ecology; Hydroacoustics; Population dynamics
	Collazo - Demographic Processes and Conservation; Species-habitat relationships; Endangered Species Conservation

	 
	Kwak - Fish ecology and management; Conservation ecology; Production biology; Rare, imperiled, and invasive aquatic species
	
Simons - Avian ecology; Wildlife biology; Conservation biology

	Pennsylvania (Pennsylvania State University)
	Wagner -Fisheries ecology; Multiple spatial-scale assessment of aquatic resources; land-water interactions; hierarchical modeling
	Diefenbach - Wildlife ecology; Estimation of population parameters; Harvest management of game populations 

	Tennessee (Tennessee Tech University)
	Layzer - Stream regulation on aquatic biota; Ecology and conservation of freshwater mussels; Restoring and maintaining aquatic biodiversity; Ecology of stream fishes

	 

	 
	Bettoli - Evaluating stocking programs using OTC marking and coded wire tagging technology; Catch-and-release mortality; Effects of water level fluctuations on fish recruitment in reservoir ecosystems; Dynamics of exploited fish populations; Management and ecology of imperiled fishes
	 

	Virginia (Virginia Tech)
	Angermeier - Stream fish communities; assessing quality of aquatic resources; conservation of aquatic systems 
	Ford - Wildlife habitat interactions (forest management and prescribed fire); white-tailed deer management; ecology and management of bats; non-volant small mammals and woodland salamanders;  high-elevation/relict forest management and restoration in the Appalachians

	West Virginia (West Virginia University)
	Mazik - Fish physiology and toxicology
	Wood - Wildlife Ecology

	 
	Welsh - Fisheries management
	 




USGS is the lead on the selection of host institutions for these Centers. The NCCWSC will provide initial staffing and startup capabilities. The science agenda will focus on the linkage of global climate information with fundamental ecological knowledge, and the application of this understanding to the particular species, habitats, and ecosystems present in each region. The science conducted at these Centers will be identified through a partnership steering committee in which LCCs and other management and science entities identify and prioritize key science needs to implement and monitor actions to adapt to climate change. 

Host institutions for Climate Science Centers will be chosen competitively, with one exception. Host partners for the Northwest and Southeast Climate Science Centers will be selected and Centers will be established in FY 2010. Host partners for the North Central and Southwest Centers will be selected at this time, but establishment will occur upon receipt of appropriated funds in the fiscal year 2011 federal budget. Host partners for the South Central, Northeast, and Pacific Islands Centers will be selected during fiscal year 2011, and established once fiscal year 2012 funds are available.  The exception to this selection process was for the Alaska Climate Science Center. USGS is currently in discussions with the University of Alaska-Fairbanks to establish the Alaska Center in Anchorage.

USGS is seeking partners that can deliver strong intellectual and scientific capabilities in the area of climate change and its effects on natural and cultural resources.  Strong candidate institutions or consortia should also have established links with natural resource management issues and entities, within the Department of the Interior and more broadly. Thus, institutions with elements such as Fish and Wildlife Cooperative Units, Cooperative Ecosystem Study Units, Regional Integrated Science and Assessments, Forest Service research offices, and similar science-to-management efforts will be favorably considered.  USGS seeks partners that bring together appropriate scientific capabilities, space and facilities, outreach or extension services, data management, networks, computational services, or super-computing capacity from the organization or collaborating partners. 

4.1.e. USGS Science Centers

4.1.e.i. Upper Mid-west Environmental Science Center
The Upper Mid-west Environmental Science Center (UMESC) in LaCrosse, Wisconsin, provides information on terrestrial and aquatic resources throughout the US. While their focus has historically been in the Upper Mississippi River Basin and the Midwestern states the UMESC staff has completed projects throughout the US and around the world. Their research and monitoring programs include (UMCES 2011):

· Understanding large rivers and how they support humans, ecosystems, and economies
· Developing maps (Mississippi River, National Parks), visualization tools and decision aides for resource managers
· Controlling aquatic invasive species
· Developing chemicals and drugs to maintain healthy fish
· Restoring threatened and endangered species (amphibians, fish, mussels and birds)
· Determining contaminant effects on wildlife, as sentinels for human health (terrestrial, aquatic)

The UMESC further identifies their programmatic area to include Amphibians and Reptiles, Aquatic Invasive Species Control, Aquatic toxicology, Avian Conservation and Ecology, Fisheries Restoration, Geospatial Science, Long Term Resource Monitoring Programs, Native Mussels, Resource Mapping and Spatial Analysis, River Productivity, and Wildlife Toxicology.
The UMESC provides extensive information on projects, staff, and other capacity information on their website (http://www.umesc.usgs.gov/umesc_home.html). 

4.1.e.ii. The Leetown Science Center
The Leetown Science Center (LSC), the oldest Federal Fishery research facility was established in 1931. The Center applies expertise from a broad diversity of scientific disciplines to conduct integrated research programs addressing the high priority needs of natural resource managers and public policy makers. Areas of research include fisheries, wildlife, and ecology (Leetown Science Center, 2011):

· Impacts of dams and barriers, pollution, and human development on migrating fish
· Methods for the detection, control and prevention of fish diseases
· Determining the key environmental factors responsible for the distribution and abundance - or decline - of aquatic species 
· Genetic diversity and the maintenance of genetic diversity in wild populations. 
· Restoration ecology, including effective rearing methods, for trust, threatened, endangered and other priority species 
· Development of water recycling technologies to reduce energy requirements, water consumption and potential pollution from hatcheries and other aquaculture facilities 
· The effects of environmental factors on the physiology, pathology, biochemistry, behavior and ecology of aquatic organisms
· Identification of fish populations by genetic structure 
· Development of suitable habitat criteria to address problems caused by environmental conditions, alterations in land-use, over-fishing, pollutants, exotic species and other disturbances of aquatic communities

Several ongoing projects of the Leetown Science Center have specific application to the Appalachian LCC including:

· Declining populations of anadromous fish in the eastern U.S. including Atlantic salmon, sturgeon, and shad
· Declining populations and species diversity of freshwater mussel communities. Impacts and mitigation of structures which impede the natural movement of fish in eastern rivers
· Disease impacts on wild fish populations and their overall health and associated effects of stress resulting from degraded habitats and contaminants
· Impacts of landscape changes on species, communities, and ecosystem	
· Appalachian streams and rivers degraded as a result of acidic and metal laden waters discharged from coal mines
· Sources, fates, and effects of contaminants such as mercury, in aquatic communities
· Exotic species which imperil native plant and animal communities
· Restoration of large mammals on federal lands

The Leetown Science Center is divided into several research units. These are the Fish Health Branch, the Aquatic Ecology Branch, the Restoration Technologies Branch, the Southern Appalachian Field Branch, the Northern Appalachian Research Laboratory, and the Conte Anadromous Fish Laboratory.

The Leetown Science Center provides current information on their projects and staff on their website (http://www.lsc.usgs.gov/overview.asp).

4.1.e.iii. Patuxent Wildlife Research Center
The Patuxent Wildlife Research Center (PWRC) was established in 1936 as the nation's first wildlife experiment station. Their focus has been on conducting applied research and dissemination. Specific areas of research and management include (PWRC, 2011):

· Migratory birds
· Reptiles and amphibians
· Waterfowl harvest
· Fisheries
· Endangered species management 
· Urban wildlife
· Contaminants, pollution and wildlife toxicology
· Wildlife population analysis
· Wetlands, coastal plain and flood management 
· Management of national parks and wildlife refuges
· Recreation ecology
The PWRC manages national inventory and monitoring programs and is responsible for the North American Bird Banding Program and leadership of other national bird monitoring programs. Research on the Shenandoah salamander, an Appalachian LCC endemic, is managed out of PWRC and is ongoing. The Patuxent Wildlife Research Center provides additional information on their current projects and staff on their website (http://www.pwrc.usgs.gov/aboutus/).

4.1.e.iv. Kentucky Water Science Center
The Kentucky Water Science Center (WCS) provides information and conducts research concerning hydrology including ground water, water quality, streamflow, precipitation, and lake and river elevations in Kentucky. Additional research activities include (Kentucky Water Science Center, 2011):

· Watershed assessment, management and monitoring using GIS
· Regional karst hydrogeologic systems mapping using GIS methods 
· Analysis of stream/water interaction
· Nutrient data and diatom/macroinvertebrate community structure evaluation
· Suspended sediment concentration analysis
· Source water assessment programs 
· Water contaminants and their effects on fish and aquatic wildlife
· Investigation of abandoned wells that may contaminate ground water by oil, gas and other pollutants 
· Hydrology of coal producing areas in Appalachia
· The effects of abandoned landfills on water quality 
· The operation of streamflow gaging stations throughout Kentucky

The Kentucky WSC provides information on their current projects and staff on their website: http://ky.water.usgs.gov/

4.1.e.v. Virginia Water Science Center
The Virginia Water Science Center (WSC) provides information and conducts research concerning hydrology including ground water, surface water, streamflow, water quality, and precipitation in Virginia. Virginia WSC performs interpretive investigations of specific water-resources problems which include (VA WCS, 2011): 

· Watershed assessment, management and monitoring using GIS
· Water input monitoring concentrations and estimates of loads and trends of suspended solids, nitrogen, phosphorus, and other selected constituents
· Forecasting the Effect of Climate Change and Land Cover Change on the Chesapeake Bay Ecosystem 
· Chloride concentration and water contaminant studies 
· Episodic acidification of streams: hydrologic and geochemical controls, typography based mapping of vulnerability and potential effects on aquatic biota
· Seasonal cycles of dissolved constituents in stream water
· Amphibian research and monitoring in relation to water quality 
· Flood investigations
· Aquifer appraisals 
· The operation stream gages, observation well networks, and water-quality monitoring stations throughout Virginia 

The Virginia Water Science Center provides information on their current projects and staff on their website: http://va.water.usgs.gov/indx_projects.htm

4.1.e.vi.  West Virginia Water Science Center
The West Virginia Water Science Center (WSC) provides information and conducts research concerning hydrology including ground water, water quality, streamflow, precipitation, and reservoirs in West Virginia. Additional research activities include (West Virginia Water Science Center, 2011):

· Hydrogeology in abandoned coal mines 
· Streamflow and watershed characteristics in mountaintop coal mining locations
· Water course contaminants: chlorofluorocarbons, aromatic hydrocarbons, synthetic organic compounds, major ions, trace elements, and fecal contamination
· Fisheries 
· Benthic invertebrate communities
· The operation of streamflow gages throughout West Virginia 

The West Virginia WSC provides information on their current projects and staff on their website: http://wv.usgs.gov/

4.1.e.vii.  U.S. Geological Survey’s Climate Science Centers
U.S. Geological Survey’s (USGS) Climate Science Centers (CSCs) (See Figure 3) do research and develop tools that will help resource managers address the threats to resources that are the result of the changing climate. CSCs will work closely with partners, including the LCCs, to identify and then meet climate related science needs. The CSCs will likely specialize in providing atmospheric, ecological, geologic and hydrologic research and tools. The Appalachian LCC will work closely with both the Northeast and Southeast CSC to ensure that the needed science is identified by the Appalachian LCC and then developed by the CSC for use by resource managers within the Appalachian LCC.

{Figure 7. Map of the U.S. Geologic Survey’s Climate Science Centers}

4.1.f.  Existing Science Capacities within Fish and Wildlife Service

4.1.f.i. Warm Springs Regional Fisheries Center 
The Warm Springs Regional Fisheries Center (WSRFC) in Warm Springs, Georgia, integrates activities of a Fish Technology Center, a Fish Health Center, and two National Fish Hatcheries to address and meet emerging fisheries and aquatic resource needs within the Southeast Region.  The WSRFC conducts research and provides technical assistance in the areas of cryopreservation, conservation genetics, fish health, and captive propagation of aquatic species.  WSRFC work continues to benefit the management and conservation of aquatic resources, especially in the following focus areas: 
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· Providing technical assistance on management plans for inter-jurisdictional and migratory fishes through ecological and population genetic analyses, and stock assessment techniques.
Quantifying the genetic structure of populations; including estimates of genetic diversity and population viability.
Monitoring and linking population genetic information to habitat parameters to understand the factors that drive population interactions and induce long-term changes in population structure.
· Developing and implementing cryopreservation techniques to conserve the genetic diversity of declining and highly valued populations.
· Maintaining the National Fish Strain Registry to help provide partners with species that are appropriate for their resource need -- genetically, physiologically, and behaviorally. 
· Determining the prevalence and distribution of pathogens and their impacts to wild fish populations.
Monitoring and ensuring the health of fish populations and other aquatic species at fish hatcheries and other identified areas.
Developing culture and management techniques for the recovery and restoration of  threatened, endangered, and imperiled aquatic species.
· Propagating and stocking interjurisdictional fishes to meet requirements of multi-agency fisheries management plans.  
· Restoring or rehabilitating degraded aquatic, riparian, and coastal habitats of concern.
· Encouraging public participation in the stewardship of natural resources through a variety of public outreach events. 

Additional information about WSRFC activities, staff, and projects can be found on the website: http://www.fws.gov/warmsprings.

4.1.f.ii. Northeast Fishery Center
The Northeast Fishery Center (NEFC) in Lamar, Pennsylvania includes the Lamar Fish Technology Center and the Lamar Fish Health Center, and provides technical assistance in the areas of population ecology, conservation genetics, fish health, and fish culture technology to the FWS and partners throughout the Northeast Region of the FWS.  Focus areas include:

· Determining the effects and distribution of pathogens and parasites in wild fish populations
· Monitoring the health of fish populations at fish hatcheries
· Developing culture and management techniques for the recovery of threatened, endangered, and imperiled fish species
· Providing technical assistance with statistical analyses, study design, and simulation modeling
· Providing technical assistance on management plans for inter-jurisdictional and migratory fishes through population dynamics, genetic analyses, and stock assessment techniques
· Monitoring fish populations to understand drivers of long-term changes in population dynamics
· Quantifying the genetic structure of populations and quantifying estimates of genetic diversity
· Linking population genetic information to habitat parameters to understand factors driving population interaction

NEFC projects have dealt with a variety of aquatic species; including both fish and freshwater mussels.  In addition, staff at NEFC also works with partners to implement projects associated with the National Fish Habitat Action Plan-Eastern Brook Trout Joint Venture, and with the National Fish Passage Program.  Additional information about NEFC activities, staff, and projects can be found on the website: http://www.fws.gov/northeast/fisherycenter.
[bookmark: _Toc184879347]4.2 Other Existing Science Capacities within the Appalachian LCC Region
4.2a Environmental Protection Agency Research Centers  
Environmental Protection Agency (EPA) research has provided effective solutions to high-priority environmental problems for the past 40 years.  However, single-pollutant, source-specific, and end-of-pipe approaches are limited in their ability to address the increasing complexity of 21st century environmental challenges.  EPA’s Office of Research and Development (ORD) is strengthening its planning and delivery of science by implementing an integrated transdisciplinary research (ITR) approach.  ITR is the bringing of people together from different disciplines, perspectives, and experience to define problems, conduct research, and deliver products and outcomes.  ORD is realigning its current 12 research areas into four better integrated research programs:  

· Sustainable and Healthy Communities (SHC)
· Safe and Sustainable Water Resources (SSWR)
· Air, Climate and Energy (ACE)
· Chemical Safety for Sustainability (CSS)

4.2.a.i  National Risk Management Research Laboratory
The Environmental Protection Agency’s (EPA) research program is centered on an important organizing principle called the “risk paradigm.” The risk paradigm consists of two interrelated processes: risk assessment and risk management.  Risk management is the identification and prioritization of environmental and health risks (actual or potential threat of adverse effects on living organisms and our environment by effluents, emissions, wastes, resource depletion, etc., arising out of activities), followed by coordinated and economical application of resources to sustainably minimize, monitor, and control the adverse impact events or to maximize the realization of opportunities.

Risk management entails determining whether and how risks are to be managed or reduced. It is based on the results of the risk assessment, as well as on social, economic, and public health and environment factors. Risk management options include pollution prevention or control technologies to reduce or eliminate the risk to humans and the environment. Risk management actions must then be monitored so that any necessary adjustments can be made.

[Figure 8. The NRMRL applies risk management research in the following areas about here]

4.2.a.ii. National Center for Environmental Assessment
The mission of the center is to provide guidance about how pollutants may impact our health and the environment. This is an important piece in the risk assessment process between the ORD bench scientist and EPA's program and regional office managers who are making regulatory, enforcement, and remedial-action decisions.




Figure 8. The NRMRL applies risk management research in the following areas:
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	Research Program

	Air, Climate, & Energy (ACE)
	Climate Change Adaptation and Mitigation

	
	Air Quality Management

	
	Green Buildings and Indoor Contaminants/Asthma

	
	Mercury and Other Persistent Pollutants

	
	Source-Based Strategies 

	
	Near Roadway Research

	
	 

	Safe and Sustainable Water Resources (SSWR)
	Aging Drinking Water Infrastructure

	
	Aging Wastewater Infrastructure

	
	Distribution Systems Water Quality

	
	Drinking Water Treatment Technologies

	
	Non-Point Source Characterization and Control

	
	Source Water Protection

	
	Watershed Management

	
	 

	Chemical Safety for Sustainability (CSS)
	Ecosystems: Place-Based Valuation and Decision Support Studies

	
	Material Management, Waste to Energy, and Resource Conservation of Land Wastes

	
	Mitigation, Management, and Long-Term Stewardship of Superfund Contaminated Sites and Wastes

	
	Nanotechnology

	
	Environmental Systems Management/Sustainable Metrics Development

	
	Environmental Technology Assessment and Verification

	
	Technology Assessment

	
	Environmental Technology Verification

	Sustainable & Healthy Communities (SHC)
	Development and Evaluation of Pollution Prevention (P2) Tools

	
	Homeland Security

	
	Safe Pesticides/Safe Products and Endocrine Disrupting Chemicals



4.2.a.iii. Environmental Protection Agency’s National Exposure Research Laboratory
The Environmental Protection Agency’s (EPA) National Exposure Research Laboratory (NERL) provides international leadership in exposure science and uses an integrated multidisciplinary approach to conduct relevant and responsive research to:

· develop the knowledge and tools necessary to assess potential exposures and risks to emerging environmental threats, and
· mitigate exposures to known contaminants and environmental stressors.

The NERL provides information to promote the understanding of, and approaches for reducing exposures for making informed decisions to protect public health and the environment. The NERL manages several research projects including:

· Human Exposure Database System (HEDS) 
· Consolidated Human Activity Database (CHAD) 
· Water Resources Database (WRDB) 
· Regional Vulnerability Assessment Program (ReVA) 

The EPA Research Centers have produced a number of tools useful for conservation action and integrating information into the decision making process. These include:

· The Regional Vulnerability Assessment (ReVA) program conducts research on innovative approaches to the evaluation and integration of large and complex datasets and models to assess current conditions and likely outcomes of environmental decisions, including alternative futures.  ReVA developed a web-based environmental decision toolkit (EDT) for the Mid-Atlantic that allows decision makers to evaluate potential changes to ecosystems in response to various management decisions, under various future development scenarios (e.g., population increase, land-use change, climate change, intensity of resource extraction) out to the year 2020. The ReVa website is available at http://amethyst.epa.gov/revatoolkit/Welcome.jsp.
· Causal Analysis/Diagnosis Decision Information System (CADDIS) – CADDIS, is a website developed to help scientists and engineers conduct causal assessments in aquatic systems. The CADDIS website is available at http://www.epa.gov/caddis/.
· Watershed Central – Watershed Central has been designed to assist users to develop and implement effective watershed management programs. The site includes guidance, tools, case studies, and data sets to help you share information, analyze data, and identify opportunities to initiate or strengthen your watershed efforts.  The Watershed Central website is available at http://www.epa.gov/owow/watershed/watershedcentral/basic.html.
· National Aquatic Resource Surveys – The EPA, states, and tribes are conducting a series of national aquatic resource surveys. Often referred to as probability-based surveys, these studies report on core indicators of water condition using standardized field and lab methods. The surveys include a national quality assurance program and are designed to yield unbiased, statistically-representative estimates of the condition of the whole water resource (such as rivers and streams, lakes, ponds, and reservoirs, wetlands, etc). The National Aquatic Resource Surveys website is available at http://water.epa.gov/type/watersheds/monitoring/nationalsurveys.cfm.
· Healthy Watershed Initiative – The objective of the federal Clean Water Act is to "restore and maintain the chemical, physical, and biological integrity of the nation's waters." While other EPA programs focus on restoring impaired waters, the Healthy Watersheds Initiative augments the watershed approach with proactive, holistic aquatic ecosystem conservation and protection. The Healthy Watersheds Initiative includes both assessment and management approaches that encourage states, local governments, watershed organizations, and others to take a strategic, systems approach to conserve healthy components of watersheds, and, therefore, avoid additional water quality impairments in the future. The Healthy Watershed Initiative website is available at http://water.epa.gov/polwaste/nps/watershed/index.cfm.
· Multi-criteria Integrated Resource Assessment (MIRA) – MIRA is a new approach to help decision makers make more informed environmental decisions that include stakeholder concerns. The process is used to: 1) organize and rank decision criteria or link the data to the policy decision question, use the decision context to determine the relative importance of the decision criteria, and explore alternative decision options. Visit this website to learn more about MIRA: http://www.epa.gov/reg3esd1/data/mira.htm.
· Natural infrastructure (sometimes called green or sustainable infrastructure) is the interconnected network of natural and undeveloped areas needed to maintain and support ecosystems. They also provide a wide array of environmental, health and economic benefits such as mitigating climate change impacts and sustaining clean air and water.  The EPA Mid-Atlantic Region Natural Infrastructure Priority Action Plan has identified three project areas of focus: 1) Abandoned Mine Land / Pennsylvania Bituminous Coal Region, 2) Monocacy Watershed, Pennsylvania and Maryland, and 3) Coal River, West Virginia. To learn more about the Natural Infrastructure Priority Action Plan, visit the following website: http://www.epa.gov/region03/green/infrastructure.html.

The Framework for Risk Analysis for Multimedia Environmental Systems (FRAMES) provides the linkage of different state of the art environmental models (water, soils, metals, air, landscape, etc.) so that scientists can consider all the exposure pathways and the collective risk that they pose. Furthermore, the processing of data for model consumption, whether field data or another model’s output, is a time-consuming and sometimes tedious process.  Having this linking capability allows environmental model developers and users to more easily populate model input files, concentrating their resources and efforts on improved science and applications.


4.2b.  Department of Agriculture 

4.2.b.i. U.S. Forest Service Research and Development
The research and development arm of the U.S. Department of Agriculture (USDA) Forest Service (USFS) works at the forefront of science to improve the health and use of our Nation's forests and grasslands. Research has been part of the USFS mission since the bureau's inception in 1905. Today, some 500-plus USFS researchers work in a range of biological, physical, and social science fields to promote sustainable management of Nation's diverse forests and rangelands. Their research covers a lot of territory, with programs in all 50 states, U.S. territories, and commonwealths. The work has a steady focus on informing policy and land management decisions, whether it addresses invasive insects, degraded river ecosystems, or sustainable ways to harvest forest products. The researchers work independently and with a range of partners, including other agencies, academia, nonprofit groups, and industry. The information and technology produced through basic and applied science programs is available to the public for its benefit and use. 

Research and Development is made up of major areas. They are:

· Resource Use Sciences 
· Quantitative Sciences 
· Forest Management Sciences 
· Environmental Sciences 

4.2.b.ii. U.S. Department of Agriculture Agricultural Research Service Centers
U.S. Department of Agriculture Agricultural (USDA) Agricultural Research Service conducts research to: ensure high-quality, safe food, and other agricultural products; assess the nutritional needs of Americans; sustain a competitive agricultural economy; enhance the natural resource base and the environment; and, provide economic opportunities for rural citizens, communities, and society as a whole.  The four research centers within the Appalachian LCC are: 

4.2.b.iii. Appalachian Farming Systems Research Center
Appalachian Farming Systems Research Center (AFSRC) in Beaver, West Virginia, integrates soil-plant-animal resources to develop knowledge and technology that increases profitability of small-farm agricultural enterprises in the Appalachian region while enhancing soil and water quality and environmental integrity.

The AFSRC conducts research on soil acidity, karst landscape water quality, and nutrient flow at the soil-plant interface in grazed agricultural systems. Additional information is available through the AFSRC website: http://www.ars.usda.gov/main/site_main.htm?modecode=19-32-00-00.

4.2.b.iv. National Center for Cool and Cold Water Aquaculture
The National Center for Cool and Cold Water Aquaculture (NCCCWA) in Leetown, West Virginia, conducts research related to aquaculture production. Research focuses primarily on rainbow trout and encompasses genetics, genomics, physiology, aquatic animal health, and aquaculture engineering. 



4.2.b.v. Pasture Systems and Watershed Management Research Unit
The Pasture Systems and Watershed Management Research Unit (PSWMRU) in University Park, Pennsylvania, conducts research to support environmentally and economically sustainable farming in the northeastern U.S. by improving agro ecosystem management. The major research efforts are:

· Developing fundamental information for establishing, maintaining, and managing diverse forage and grazing lands, recognizing ecosystem services beyond the traditional forage, food, and fiber production to include emerging services such as carbon sequestration, greenhouse gas mitigation, and bioenergy production. 
· Developing fundamental information linking agricultural management with water quality and developing management practices and strategies that balance production and agro ecological services. 
· Using experimental measurements, model development, and whole farm simulation to evaluate system interactions and improve farm management effects on air, soil, and water quality.

Additional information on project of the PSWMRU can be obtained via their website http://www.ars.usda.gov/main/site_main.htm?modecode=19-02-00-00.




4.2.b.vi  North Appalachian Experimental Watershed
The North Appalachian Experimental Watershed (NAEW) in Coshocton, Ohio, conducts research on hydrology, surface runoff, groundwater quality, and erosion for agricultural and other purposes. Specific research includes:

· Quantification of runoff and water quality risks through analysis of data and precipitation and weather investigations are also a component of the research.
· Long term data base of measurements from rain gages, watershed flumes and weirs, and automated data collecting lysimeters along with soil and climatology data. 
·  Development knowledge of basic water sediment, and chemical movement which are used to develop practical procedures and verify transport models. 
· Development of safe pesticide and nutrient management strategies while maintaining high agricultural productivity levels. 
· Develop practical management tools for managing pesticide and nutrient runoff.

Additional information on the research activities of the NAEW can be found on their website http://www.ars.usda.gov/main/site_main.htm?modecode=36-05-00-00.

4.2c. National Oceanic and Atmospheric Administration (NOAA) Research Centers 
Research is conducted at Federal facilities and through partnerships with universities and science institutes to provide accurate weather forecasts, protect and manage the nation’s coastal and ocean resources, and to provide information for planning and response to climate change.  NOAA maintains one research center in the Appalachian LCC – the Air Resources Laboratory in Oak Ridge, Tennessee.

[bookmark: _Toc184879348]4.3. Regional Collaborative Science Partnerships or Initiatives

4.3.a. Southern Appalachian Man and the Biosphere 
Southern Appalachian Man and the Biosphere (SAMAB) is a consortium of Federal and State Agencies established in 1988 to promote environmental health, and stewardship and sustainable development of natural, cultural, and economic resources in the Southern Appalachians.  The geographic range of the partnership includes the regions of the Appalachians within West Virginia, Virginia, North Carolina, South Carolina, Tennessee, Georgia and Alabama.  SAMAB encourages community-based solutions to critical regional issues through cooperation among partners, information gathering and sharing, integrated assessments, and demonstration projects.  

4.3.b. Appalachian Trail Mega-Transect
Led by the Appalachian Trail Conservancy with partners from Maine to Georgia, and supported by a grant from NASA, the goals are to:

· Monitor - Collect new and existing data on key indicators of environmental health with citizen scientists, organizations, researchers, and agencies;
· Understand - Transform data into knowledge about the status and trends through analysis, synthesis, and modeling;
· Inform and Engage - Share this knowledge to engage, educate, and involve decision makers, stakeholders and the American public in managing and protecting the A.T. environment. Seek to attain the goals of existing natural resource and environmental legislation and make sound decisions for positive change.

4.3.c. Southeast Aquatic Resources Partnership
The Southeast Aquatic Resources Partnership (SARP) was formed in 2001 around a vision of healthy and diverse aquatic ecosystems supporting public use.  It includes partners from conservation organizations, government agencies, and private corporations from 14 states.  SARP focuses its efforts on six key areas; aquatic habitat conservation, public use, imperiled fish and aquatic species recovery, fishery mitigation, interjurisdictional fishes, and aquatic nuisance species.  The founders saw the value of agencies and organizations working together to effectively meet the region’s aquatic resource management and conservation challenges on a landscape scale. Previous efforts to halt the decline of aquatic resources in the southeast have been conducted independently on federal, state, and local scales. SARP is addressing the conservation of aquatic resources on multiple scales and working to strengthen the efforts of partners regionally.  SARP was one of the first regional partnerships to be recognized as an official partnership of the National Fish Habitat Action Plan. The goal of SARP is to conserve and restore aquatic wildlife and habitats in the southeastern United States.  The level of involvement of SARP ranges from partnering on individual projects to regional leadership.

[bookmark: _Toc184879349]4.4.  Science Capacity at State Agencies
[bookmark: _Toc184879350]4.5.  Science Capacity at Academic Settings (universities, colleges, etc.)
[bookmark: _Toc184879351]4.6.  Other Science Capacity in the Private Sector

[bookmark: _Toc184879352]PART III. MANAGEMENT CAPACITY RESOURCES

[bookmark: _Toc184879353]SECTION 5. MANAGEMENT CAPACITY

LCCs will support adaptive resource management by working with partners to evaluate existing conservation strategies, generate new science tools and research products, and provide links to other relevant partner information and tools to improve conservation planning across the Appalachian landscape. Shared data platforms will serve multiple purposes, including collaborative development of population/habitat models under alternative climate scenarios.  Decision-support systems and products developed by LCCs will not only help determine the most effective actions to support conservation priorities, but also will provide tools to compare and contrast the implications of management alternatives.  LCCs will regularly evaluate the effectiveness of scientific information and conservation actions and support necessary adjustments as new information becomes available.  This recurring process of evaluation and information sharing will help scientists and resource managers deal with uncertainties on the landscape and transform that knowledge into decisions and actions to safeguard fish, wildlife, plants and their habitats.

[bookmark: _Toc184879354]5.1. Federal Agencies

5.1a. Fish and Wildlife Service, Department of Interior
The U.S. Fish and Wildlife Service (USFWS) mission is working with others to conserve, protect, and enhance fish, wildlife, and plants and their habitats for the continuing benefit of the American people.  USFWS has over 30 field stations located within the Appalachian LCC, including National Wildlife Refuges, National Fish Hatcheries, Migratory Birds stations, and Ecological Services field offices that each carry responsibility for providing management capacity.  Field station biologists are often species and/or habitat-type experts charged with enhancing, restoring, protecting, regulating and monitoring populations and habitats for Federal trust species:  migratory birds, interjurisdictional fishes, and federally listed endangered or threatened species.  To maximize the effectiveness of the agency programs charged with conservation outcomes, coordinated access to data and research results at larger scales will become increasingly important for strategic planning.  

The USFWS is charged with stewardship of the National Wildlife Refuge System.  Refuges are already experiencing direct and indirect effects from climate change, in addition to historic threats to natural resource and recreational missions.  In particular, water shortages and wildfires have been a major concern in recent years, especially in the southeast U.S. National Wildlife Refuges will serve as hubs of suitable habitat for many native species, and linking these existing hubs by creating corridors of protected habitats will facilitate movement of species in response to climate change advances.  

The agency’s National Fish Hatchery System supports federal and state fish management goals of population augmentation in the wild by captive rearing of game, non-game, and endangered or threatened aquatic species.  In recent years, the program has had great success in the captive rearing of rare freshwater mussel species.  The Fisheries Division also has Offices of Fishery Assistance, tasked with coordinating fisheries population assessments, habitat restoration (especially dam removal/fish passage), and fisheries planning and partnership activities.  

The Migratory Bird Division is charged with tracking migratory bird population trends, establishing harvest frameworks for game species, and working with partners to develop large-scale planning documents that guide avian conservation activities throughout the U.S., Canada, Mexico and South America on breeding and wintering grounds as well as critical migration stopover areas. 

The Partners for Fish and Wildlife and Coastal Programs both restore and protect habitats on private lands under voluntary agreements using a network of conservation and non-traditional partners.  Both the regulatory and recovery responsibilities for species listed under the Endangered Species Act are centered at Ecological Services field offices.

Conservation of rare species is especially challenging as biologists struggle to determine even basic natural histories for many, and documenting sublethal affects often carries additional risk of harm.  The USFWS has made a concerted effort in recent years to unite its programs and divisions to act in unison toward common goals for species.  This effort lays a good foundation for the next critical step:  joining with partners to implement the network of LCCs as first described in the agency’s national climate change strategy (Rising to the Urgent Challenge: Strategic Plan for Responding to Accelerating Climate Change, 2010), which establishes a basic framework within which USFWS will work as part of the larger conservation community to help ensure the sustainability of fish, wildlife, plants and habitats in the face of accelerating climate change. The plan is implemented through a dynamic Action Plan that details specific steps the Service will take to implement the Strategic Plan.

The USFWS’ National Wildlife Refuges Systems’ Inventory and Monitoring Program plan says it will be “a nationally coordinated effort to support inventories and monitoring at the refuge, landscape, regional and national scale to inform management and evaluate the effectiveness of strategies to support adaptation to climate change and other major environmental stressors.” The program has initially been devoted to starting baseline inventories on abiotic resources, biological diversity, vegetation and priority species – including developing methods to inventory and monitor, building systems to manage and share data and develop a comprehensive approach to data management for refuges. The Northeast Region has hired a regional inventory and monitoring coordinator who will oversee the implementation of the national strategy in the Northeast. This will include coordinating with LCCs in the Northeast Region as they develop landscape scale goals. 

5.1b  National Park Service
The National Park Service (NPS) is a bureau of the Department of the Interior (DOI). It preserves, unimpaired, the natural and cultural resources and values of the national park system for the enjoyment, education, and inspiration of this and future generations. NPS cooperates with partners to extend the benefits of natural and cultural resource conservation and outdoor recreation throughout the U.S. and the world. The NPS operates Shenandoah and the Great Smokey Mountains National Parks within the Appalachian LCC, in additional to co-managing the Appalachian National Scenic Trail, which extends over 2,000 miles, with the Appalachian Trail Conservancy.  Shenandoah National Park includes 300 square miles of the Blue Ridge Mountains in the southern Appalachians. The park rises above the Virginia Piedmont to its east and the Shenandoah Valley to its west. Two peaks, Stony Man and Hawksbill, exceed 4,000 feet. The range of elevation, slopes and aspects, rocks and soils, precipitation, and latitude create a mix of habitats however most of Shenandoah’s landscape is forested.  Great Smoky Mountains National Park encompasses over 800 square miles in the Southern Appalachian Mountains and are unique in their northeast to southwest orientation, which allowed species to migrate along their slopes during climatic changes such as the last ice age, 10,000 years ago.  Elevations in the park range from 875 to 6,643 feet. This range in altitude mimics the latitudinal changes you would experience driving north or south across the eastern United States, say from Georgia to Maine. 

Plants and animals common in the southern U.S. thrive in the lowlands while species common in the northern states find suitable habitat at the higher elevations.  The size, diverse topography and habitats of these NPS land holdings make them important considerations in any discussion of strategic approaches to conserve species through periods of environmental change.
As part of the National Park Service's effort to "improve park management through greater reliance on scientific knowledge," a primary role of the Inventory and Monitoring (I&M) Program is to collect, organize, and make available natural resource data and to contribute to the NPS institutional knowledge by facilitating the transformation of data into information through analysis, synthesis, and modeling.
 
The primary goals of the I&M Program are to: 

· Inventory the natural resources under National Park Service stewardship to determine their nature and status. 
· Monitor park ecosystems to better understand their dynamic nature and condition and to provide reference points for comparisons with other, altered environments. 
· Establish natural resource inventory and monitoring as a standard practice throughout the National Park system that transcends traditional program, activity, and funding boundaries. 
· Integrate natural resource inventory and monitoring information into National Park Service planning, management, and decision making. 
· Share National Park Service accomplishments and information with other natural resource organizations and form partnerships for attaining common goals and objectives. 

5.1c. Office of Surface Mining
The Office of Surface Mining (OSM) is a bureau of the Department of the Interior (DOI). It carries out the requirements of the Surface Mining Control and Reclamation Act (SMCRA) in cooperation with States and Tribes.  Primary objectives are to ensure that coal mines are operated in a manner that protects citizens and the environment during mining and assures that the land is restored to beneficial use following mining, and to mitigate the effects of past mining by aggressively pursuing reclamation of abandoned coal mines.  In regulating active coal mining, OSM seeks to maintain compliance at high levels and ensure that all mines are properly operated and promptly reclaimed to the standards established under the Act.  Appalachian Regional Reforestation Initiative (ARRI) - ARRI is an OSM initiative that encourages the reforestation of coal-mined lands in the Eastern United States. 
5.1.d. U.S. Forest Service
In order to protect and preserve the Appalachian landscape, Congress passed the Weeks Act (1911) giving the federal government authority to create national forests.  The U.S. Forest Service (USFS) mission is captured by the phrase "Caring for the Land and Serving People." Our mission, as set forth by law, is to achieve quality land management under the sustainable multiple-use management concept to meet the diverse needs of people.  The USFS currently manages over ## acres of national forest properties within the Appalachian LCC.  The National Roadmap for Responding to Climate Change is the USFS’ blueprint for responding to a changing climate and is part of the overall and ongoing effort by the Agency to restore forest and grassland landscapes. One of the measurement criteria of the USFS’ roadmap is a scorecard rating system to be used by all national forests and grasslands to gage the success of efforts to mitigate and adapt to a changing climate.  The guidance document’s climate change considerations and decision processes provide the agency with the support needed to appropriately incorporate climate change into land management planning and project- level documentation. The guidance documents frame climate change with two fundamental challenges: how management may influence climate change mainly through incremental changes to global pools of greenhouse gases and how climate change may affect forests and grasslands. These guidance documents intended to be dynamic and adaptive as scientists discover more about climate change science, its application to adaptation and mitigation strategies, and appropriate analysis at the unit and project scales.

5.1.e. U.S. Army Corps of Engineers
The U.S. Army Corps of Engineers (USACE) is the steward of the lands and waters at Corps water resources projects, and also has regulatory management authority for authorizing permits under the Clean Water Act.  Understanding the potential impacts to both natural and man-made systems is critical to the USACE, especially as the agency plans for water resources that will be sustainable in the future and makes permit decisions that will affect development trends and the waters of the U.S. The most important influences of climate change on USACE missions are changes in temperature; changes in precipitation quantity, intensity and form (snow vs. rain); and changes in sea levels, winds and wave patterns.  The entire portfolio of USACE Civil Works water resources infrastructure and programs, existing and proposed, could be affected by climate change and adaptation to climate change. This affects design and operational assumptions about resource supplies, system demands or performance requirements, and operational constraints. Both droughts and floods can affect the operations of these projects. Numerous regulatory decisions made by USACE will need to be informed by climate change impacts and adaptation considerations throughout the U.S., especially in western states.  

5.1.f. Tennessee Valley Authority
Tennessee Valley Authority (TVA) is a federally owned corporation in the United States created by congressional charter in May 1933 to provide navigation, flood control, electricity generation, fertilizer manufacturing, and economic development in the Tennessee Valley, a region particularly affected by the Great Depression. TVA's service area covers most of Tennessee, parts of Alabama, Mississippi and Kentucky, and smaller portions of Georgia, North Carolina, and Virginia.  The Tennessee River System, developed by TVA, is a network of dams and reservoirs that generates power, controls flooding, provides recreational opportunities and boosts the regional and national economies. TVA owns 11,000 miles of public shoreline and has the authority to regulate land use and development.

{Figure 5. List of Government Funding Sources for Potential Support of Appalachian LCC Activities about here]
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State agencies are engaged in launching the Appalachian LCC and participating in leadership roles. State agencies are one of the wealthiest entities for supplying technical skills for conservation delivery.  In addition to thousands of acres of state-managed lands, hundreds of biologists with diverse expertise are located throughout the Appalachian LCC.  States are working diligently on finalizing implementation plans to complement their State Wildlife Action Plans.  These plans will guide states and partners to increase efficiency by directing more focus to species of greatest conservation concern and to specific conservation actions articulated in 
these planning documents.  Congress required the states to develop plans that included descriptions of problems which may adversely affect species, priority research and survey efforts, descriptions of proposed conservation actions, and adaptive responses to new information or changing conditions.  State biologists are also integral to most of the public-private partnerships discussed in Section 5.4 below.


Figure 5. List of Government Funding Sources for Potential Support of Appalachian LCC Activities
	Partial List of Government Funding Sources to Support Appalachian LCC Activities

	PROGRAM
	FUNDING SOURCE(S)

	Science Support Program
	USGS, USFWS

	Quick Response Program
	USGS, USFWS

	North American Wetlands Conservation Act
	USFWS

	Climate Change RFP
	USGS

	National Fish Habitat Action Plan
	USFWS

	National Fish Passage Program
	USFWS

	Challenge Cost Share
	USFWS

	Neotropical Migratory Bird Conservation Grants
	USFWS

	Conservation Innovation Grants
	USDA

	Agriculture and Food Research Initiative – Climate Change
	USDA

	Rangeland Research Program
	USDA

	Wetland Program Development Grants
	EPA

	Landowner Incentive Program
	State Wildlife Agencies

	State Wildlife Grants
	State Wildlife Agencies

	Sportfish Restoration Grants
	State Wildlife Agencies

	Cooperative Endangered Species Conservation Fund
	State Wildlife Agencies

	Wildlife Restoration Program
	State Wildlife Agencies

	Conservation Grants
	State Wildlife Agencies

	Multi-State Conservation Grants
	IAFWA

	Tribal Wildlife Grants
	Tribal Agencies

	National Fish and Wildlife Foundation Grants
	NFWF

	National Coastal Wetlands
	USFWS

	ARRI
	OSM

	AML Fund
	OSM



[bookmark: _Toc184879356]5.3. Tribes

There are four Federally recognized tribes in the Appalachian LCC boundary area, but a total of 97 tribes have important links to this geographic area.  The Appalachian LCC has made contact with Tribal representatives and is attempting to engage with them in this early stage of development of the partnership.

5.3.a. Appalachian Nation Cherokees 
The Appalachian Nation Cherokees are one of the largest Indian tribes in the United States.   More than 18,000 tribal members reside in the states of Delaware, Pennsylvania, Maryland, Virginia, West Virginia, North Carolina, Tennessee, New Jersey, Ohio, Kentucky, California and Canada.  The mission of the Cherokee comes from the Council of Spiritual Elders, "We hold hands, go in one direction, all must communicate, sing one song, say one prayer, and walk the next decades together with one voice.  Our survival and the survival of future generations must continue."

5.3.b. Eastern Band of Cherokee Indians 
The Mission of the Eastern Band of Cherokee Indians Office of Planning and Development is to mobilize available economic resources to enhance the overall quality of life for our people. “We strive to grow job opportunities, to improve the business climate and tax base of the Tribe, and to promote a self-sustaining and diverse economy on the Qualla Boundary.”

5.3.c. Appalachian American Indians of West Virginia
The Appalachian American Indians of West Virginia has approximately 4,800 members, and represents 80 different blood lines. The Tribe hosts four regional gatherings in: Delbarton, Mingo County; in Alderson, Greenbrier County; Lumberport, Harrison County; and in Charleston, Kanawha County. There is also a monthly statewide meeting held in Summersville, Nicholas County. The Tribe is involved in the promotion of Native American interests at all levels in the community, including human rights issues, public awareness, education and outreach, social activities, festivals, spiritual retreats, and pow-wows. More information is available at http://aaiwv-ani.org/.

[bookmark: _Toc184879357]5. 4. Non-Governmental Conservation Organizations

A cursory attempt to develop a list all the watershed groups, land trusts and other environmental organizations demonstrated that there are hundreds active in the Appalachian LCC.  Over 80 land trusts conserve private lands through conservation easements and fee title purchases.  National conservation organizations, such as The Nature Conservancy, Trout Unlimited, Quail Unlimited, and the Wild Turkey Federation also have an impressive track record of conserving habitats for rare and important species.  Non-government organizations also play an important role in advocating for new guidance, programs, policies and regulations to adapt current government approaches to new conservation challenges or paradigms.

[bookmark: _Toc184879358]5.5. Public-Private Partnerships

One of the key existing partnerships, the Appalachian Mountains Joint Venture (AMJV), has supplied considerable support for the Appalachian LCC thus far.  Meetings and informal discussions have also occurred with partners associated with the Southern Appalachian Man and the Biosphere Program, Eastern Brook Trout Joint Venture, Ohio River Basin Fish Habitat Partnership, Southeast Aquatic Resources Partnership, and Canaan Valley Institute, among many others.  

5.5.a. Appalachian Mountains (Bird) Joint Venture 
The Appalachian Mountains Joint Venture (AMJV) is a self-directed partnership of public, private and non-profit entities, organized to advance the conservation (protection, restoration, and enhancement) of priority bird populations and their habitats throughout the Appalachian Mountains Bird Conservation Region (AMBCR), including all or portions of 12 states from southern New York and northwestern New Jersey to northeastern Alabama.  The over-arching objective of the AMJV, originally formed in 2007 and approved by USFWS in 2008, is to ensure the sustainability of native bird populations through strategic conservation of habitats and overall ecosystem functionality upon which native birds rely.  The AMJV partnership has committed its support to achieve the goals and vision of the North American Bird Conservation Initiative (NABCI), and the conservation of habitats for all birds consistent with major national and continental bird conservation plans, as well as bird conservation objectives identified in Wildlife Action Plans of partner states.  

5.5.b. Central Hardwoods (Bird) Joint Venture 
The Central Hardwoods Joint Venture (CHJV) is a bird conservation partnership of State, Federal, and non-governmental organizations that endeavors to implement bird conservation actions that protect the long-term health of native bird species. Established in 2000, the boundaries of the CHJV encompass six states and the Central Hardwoods Bird Conservation Region - part of the North American Bird Conservation Initiative - a national strategy for conserving native bird species.  Based on the principles of sound science and adaptive management, CHJV facilitates efficient landscape level planning targeting habitat with the most potential to support priority bird species populations. It should be noted that the CHJV has officially requested reassignment from the Appalachian LCC to the Gulf Coastal Plains and Ozarks LCC (a final decision was not reached at publication).

5.5.c.  Eastern Brook Trout Joint Venture (Fish Habitat Partnership) 
The Eastern Brook Trout Joint Venture (EBTJV) was established in 2004 out of concern for the health of the many populations of the only native Eastern trout species.  Recognizing that many common threats existed across the Georgia to Maine range, state fishery managers joined together with federal agency representatives, private conservation groups and scientists to assess the problem and plan action. To date, EBTJV has completed the first ever range-wide assessment of Eastern brook trout, developed strategic action plans to conserve Eastern brook trout resources and communicated its efforts to other partners. The EBTJV's landscape-scale approach to Eastern brook trout conservation has positioned it to support many scientific studies, including climate change assessments. A direct monitoring approach across the EBTJV range to rank individual populations for resiliency to climate change has been initiated with a pilot study in Virginia.  Climate change is predicted to extirpate many of the existing Eastern brook trout throughout their native range and eliminate them in Virginia. Relationships between air and water temperature will be quantified and modeled to rank the existing fish populations for their resiliency to climate change. These resiliency ratings can be used for prioritizing protection and restoration efforts in landscape-scale conservation planning.

5.5.d. Atlantic Coastal Fish Habitat Partnership 
The Atlantic Coastal Fish Habitat Partnership (ACFHP) is a fish habitat partnership under the National Fish Habitat Action Plan.  It was approved in 2009 as a collaborative between the 16 States that contain Atlantic coastal river drainages, Federal agencies, Tribes, local governments, non-governmental organizations (NGOs), and other entities to conserve aquatic habitat along the Atlantic coast.  The ACFHP is a geographically focused and scientifically based effort whose mission is to accelerate the conservation, protection, restoration and enhancement of habitat for native Atlantic coastal, estuarine-dependent and diadromous fishes through partnerships.

5.5.e. Ohio River Basin Fish Habitat Partnership 
The Ohio River Basin Fish Habitat Partnership (ORBFHP), approved in October 2009, is a collaborative effort between State agencies, federal agencies, nongovernmental organizations, and commercial businesses that focuses conservation, restoration, and enhancement efforts on priority habitat for fish and mussels in the watershed of the Ohio River Basin for the benefit of the public.  

5.5.f. Southeast Aquatic Resources Partnership
The Southeast Aquatic Resources Partnership (SARP) was formed in 2001 around a vision of healthy and diverse aquatic ecosystems supporting public use.  It includes partners from conservation organizations, government agencies, and private corporations from 14 states.  SARP focuses its efforts on six key areas; aquatic habitat conservation, public use, imperiled fish and aquatic species recovery, fishery mitigation, interjurisdictional fishes, and aquatic nuisance species.  The founders saw the value of agencies and organizations working together to effectively meet the region’s aquatic resource management and conservation challenges on a landscape scale. Previous efforts to halt the decline of aquatic resources in the southeast have been conducted independently on Federal, State, and local scales. SARP is addressing the conservation of aquatic resources on multiple scales and working to strengthen the efforts of partners regionally.  SARP was one of the first regional partnerships to be recognized as an official partnership of the National Fish Habitat Action Plan. The goal of SARP is to conserve and restore aquatic wildlife and habitats in the southeastern U.S.  The level of involvement of SARP ranges from partnering on individual projects to regional leadership.

5.5.g. Partners in Amphibian and Reptile Conservation
The Mission of Partners in Amphibian and Reptile Conservation (PARC) is "To conserve amphibians, reptiles and their habitats as integral parts of our ecosystem and culture through proactive and coordinated public-private partnerships.” PARC seeks to create an open forum for discussing herpetofaunal conservation and advocates for reptile and amphibian conservation.  The organization is habitat focused, and supports conservation of both rare and more common species.

5.5.h. Mid-Atlantic Highlands Action Program
The Mid-Atlantic Highlands Action Program (HAP), established by Congress in July 2001, encompasses 79,000 square miles in the Central Appalachians of Maryland, Pennsylvania, Virginia, and West Virginia. It is a collaborative between the EPA, local communities, state and local government, other federal agencies, nongovernmental organizations, research institutions, and the private sector to carry out monitoring, research, management, and restoration activities within the region. The goals of the program are to improve water quality, living resources, and habitat, and to foster stewardship of resources through an outreach program for public information and education.  HAP uses the best available science to improve the natural resources and socio-economic conditions in the Mid-Atlantic Highlands by achieving the following program goals:

· Highlighting, protecting, and conserving special places that have ecological and cultural importance;
· Highlighting important connections between these special places;
· Revitalizing damaged ecosystems especially in key ecological corridors;
· Empowering citizens and communities to strengthen the linkages among cultural heritage, economic viability and the condition of the environment;
· Enhancing opportunities for the restoration industry in the Highlands, which will enhance lasting employment opportunities for its residents; and
· Leveraging existing resources to support all these goals.

5.5.i. Appalachian Fire Learning Network 
The Appalachian Fire Learning Network (AFLN) engages multiple federal, state and private land management agencies in a collaborative effort to implement ecological fire management.  Within this biologically diverse region, the (AFLN) seeks to: 

· collaborate with stakeholders to strengthen the scientific basis for landscape-scale fire management, and develop landscape-scale desired future conditions and fire management objectives for the Central, Southern and Western Appalachian Region; 
· transfer knowledge and lessons learned throughout the Network to facilitate ecological objective setting, effective stakeholder engagement, efficient compliance with regulatory requirements and successful funding of ecological fire management projects; 
· identify critical barriers to the restoration of fire-adapted ecosystems, and develop strategies to overcome these barriers; and 
· achieve tangible and measurable progress in the restoration of fire-adapted ecosystems at demonstration sites throughout the AFLN.

5.5.j. Southern Blue Ridge Fire Learning Network
The Southern Blue Ridge Fire Learning Network engages multiple federal, state and private land management agencies in a collaborative effort to enhance the capacity to implement ecological fire management in the Southern Blue Ridge ecoregion. Together they work to define a healthy, resilient landscape and to identify where, when and how to restore these ecosystems. Expertise in numerous aspects of restoration is distributed among partners and researchers involved in the collaboration. Sharing this knowledge among partners and with other networks accelerates restoration. The partnership has identified shortleaf pine-oak, pine-oak-heath, dry-mesic oak-hickory and high-elevation red oak forests as target communities for restoring fire regimes.  Partners in this regional network seek to restore and maintain fire adapted ecosystems on lands within the Southern Blue Ridge landscape under a model partnership of interested agencies and organizations which will work to increase the capacity for and reduce obstacles to conducting prescribed burning. 

5.5.k. Central Appalachian Spruce Restoration Initiative
The Central Appalachian Spruce Restoration Initiative (CASRI) is a partnership of diverse interests with a common goal of restoring historic red spruce-northern hardwood ecosystems across the high elevation landscapes of Central Appalachia. It is comprised of private, State, Federal, and NGOs which recognize the importance of this ecosystem for its ecological, aesthetic, recreational, economic, and cultural values.  Red spruce and red spruce-northern hard-wood forests once dominated the highest elevations of West Virginia, covering more than 500,000 acres Extensive logging in the late 1800s and early 1900s reduced much of the mature forest in the Appalachians, including the red spruce-dominated stands Today only about 29,600 acres of high elevation red spruce remain.

INSERT Map 7. Partnerships within or adjacent to the Appalachian LCC
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[bookmark: _Toc184879360]SECTION 6. LCC ACTIONS AT THE NATIONAL NETWORK LEVEL

The following actions, proposed by national LCC representatives at a March 2010 meeting, are currently underway in the Appalachian LCC under the guidance of its Interim Steering Committee (ISC):

1. Integrate existing conservation initiatives, including SWAPs, JVs, NFHAP, and TNC Ecoregional Assessment, into the LCC network.
2. Develop an outreach strategy/marketing plan to ensure (a) that a consistent message is being communicated and (b) that partners, agencies, and leadership understand the vision, mission, and goals of LCCs and CSCs.
3. Inventory information needs, existing tools, and science information gaps.

Still other actions planned by the national LCC network will benefit the Appalachian LCC and likely necessitate its involvement:

· Inventory information needs, existing tools, and science information gaps (at the national level).
· Assemble the data and models to project future resource states in priority resources, with the goal of achieving benchmark functionality for modeling priority LCC resources.
· Form a data council and hold a workshop to determine data requirements that would inform the national network.
· Establish a group of bureau detailees, reporting to the Energy and Climate Change Task Force, responsible for developing a working framework for Secretarial Order No. 3289 : Addressing the Impacts of Climate Change on America’s Water, Land, and Other Natural and Cultural Resources.
· Provide access to national data products for the national LCC network.  

[bookmark: _Toc184879361]SECTION 7:  ACTIVITIES LAUNCHING THE APPALACHIAN LCC

An immediate priority for the Appalachian LCC was to network within the conservation community to introduce the LCC concept, and then fulfill a goal of articulating science needs jointly with Appalachian LCC partners.  The Appalachian LCC drafted a Science Needs Portfolio in the Fall of 2011, comprised of needs shared with LCC staff as a result of outreach to partners during the first year of operation, 2010.  The Science Needs Portfolio was then vetted by partners at the November 2011 Conservation Priorities Science Needs Workshop in Blacksburg, Virginia.  Goals of the workshop were to:  1) develop an initial list of existing expertise available within the Appalachian LCC conservation community, 2) ensure the scope of the draft Science Needs Portfolio was a comprehensive representation of the science needs articulated by partners, and 3) identify “top science needs” to guide staff and funding support decisions in the near-term.  Identification of top science needs was accomplished under guidance provided by the Workshop Planning Team and Appalachian LCC Interim Steering Committee.  Science needs selected for initial support were required to meet a LCC vision.  A summary of the Conservation Priorities Science Needs Workshop is presented in Appendix 6.

In addition to developing this approach for identifying top science needs, the following activities have been suggested for adoption by the Appalachian LCC ISC:

[bookmark: _Toc184879362]7.1. Continue to Update the Science Needs Portfolio to Ensure Comprehensiveness
 
Development of the Science Needs Portfolio will be a continuous process involving current and future LCC partners, as well as stakeholders.  Initial coordination efforts focused on traditional partners and experts in the field of conservation, future efforts will expand to include a broad array of stakeholders.

[bookmark: _Toc184879363]7.2. Pursue Data Integration

As stated previously, one goal of the national LCC network is to integrate data within and among LCCs.  Members of the Appalachian LCC will be tasked with identifying data sharing opportunities and addressing data gaps.  As funds become available, data will be incrementally merged at the local and national LCC level.  The LCCs will build on existing geographic information systems (GIS) and Information Resource Management (IRM) efforts, and seek to further standardize and share GIS and other data to facilitate a better understanding of conservation issues and challenges at multi-state and national scales.  

[bookmark: _Toc184879364]7. 3. Share and Support Climate Change Monitoring and Research
  
The sharing of complementary climate change data and research findings will be critical to facilitating an effective response to this modern natural resource challenge.  The Appalachian LCC Steering Committee will need to continually canvass researchers to update information on current and planned climate change data collection, monitoring, and research efforts across the Appalachian LCC area.  In addition to keeping abreast of climate change science, this will allow the Appalachian LCC to prioritize proposals to initiate new climate change research and/or continue established studies.  

7.4. Prioritize Water Resource Assessments

One of the unique features of the Appalachian LCC is the global significance of its aquatic species diversity.  Yet, good information regarding water use is largely unavailable and limited research has been conducted to assess instream flow under changing climatic conditions and how these changes will impact a host of at-risk species including fish, mussels, crayfish, isopods, birds and other species associated with aquatic habitats.

7.5. Collaborate on Energy Research and Recommend Best Management Practices 

The Appalachian LCC has an important role to play in assessing the impacts of historic energy projects and practices, as well as gaining insight into newly emerging energy sources, in order to make conservation recommendations based on peer-reviewed findings.  Cooperation between industry and conservation and regulatory agencies has improved, and many examples of productive collaboration currently exist to serve as models. 

Section 8. Closing Statement

Ultimately, as the Appalachian LCC matures, the partnership will select its own priorities and guide conservation actions in a manner most advantageous to the whole.  This Development and Operations Plan is intended to provide background information, serve as a reference for science and management capacity, and frame potential future action items for consideration.  The unique biodiversity and global significance of this region’s natural resources compels us to commit considerable energy to this worthwhile effort!

								E. Jean Brennan, PhD
								Appalachian LCC Coordinator
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	Federally Listed, Proposed and Candidate Species; Priority Migratory Birds; and Interjurisdictional Fishes Occurring Within the Appalachian LCC Boundary

	Category
	Common Name
	Scientific Name
	Habitat Type
	Source

	
	
	
	
	

	Federally Listed Species
	
	
	
	

	Source: US Fish and Wildlife Service
	
	
	
	

	Listed amphibian
	Cheat Mountain salamander
	Plethodon nettingi
	
	TESS; VA & TN lists

	Listed bird
	Red‐cockaded Woodpecker 
	Picoides borealis
	Pine forest
	AMJV

	Listed bird
	Whooping Crane
	Grus americana
	Waterbird 
	AMJV

	Listed fish
	Alabama cavefish
	Speoplatyrhinus poulsoni
	Aquatic
	TESS; VA & TN lists

	Listed fish
	Amber darter
	Percina antesella
	Aquatic
	TESS; VA & TN lists

	Listed fish
	Blackside Dace
	Phoxinus cumberlandensis
	Aquatic
	R5 Fisheries

	Listed fish
	Blue shiner
	Cyprinella caerulea
	Aquatic
	TESS; VA & TN lists

	Listed fish
	Bluemask darter
	Etheostoma akatulo
	Aquatic
	TESS; VA & TN lists

	Listed fish
	Boulder darter
	Etheostoma wapiti
	Aquatic
	TESS; VA & TN lists

	Listed fish
	Cahaba shiner
	Notropis cahabae
	Aquatic
	TESS; VA & TN lists

	Listed fish
	Conasauga logperch
	Percina jenkinsi
	Aquatic
	TESS; VA & TN lists

	Listed fish
	Duskytail Darter
	Etheostoma percnurum
	Aquatic
	R5 Fisheries

	Listed fish
	Goldline darter
	Percina aurolineata
	Aquatic
	TESS; VA & TN lists

	Listed fish
	Palezone shiner
	Notropis albizonatus
	Aquatic
	TESS; VA & TN lists

	Listed fish
	Pygmy madtom
	Noturus stanauli
	Aquatic
	TESS; VA & TN lists

	Listed fish
	Pygmy sculpin
	Cottus paulus
	Aquatic
	TESS; VA & TN lists

	Listed fish
	Roanoke logperch
	Percina rex
	Aquatic
	SWVA FO

	Listed fish
	Slackwater darter
	Etheostoma boschungi
	Aquatic
	TESS; VA & TN lists

	Listed fish
	Slender Chub
	Erimystax cahni
	Aquatic
	R5 Fisheries

	Listed fish
	Smoky madtom
	Noturus baileyi
	Aquatic
	TESS; VA & TN lists

	Listed fish
	Snail darter
	Percina tanasi
	Aquatic
	TESS; VA & TN lists

	Listed fish
	Spotfin Chub
	Erimonax monachus
	Aquatic
	R5 Fisheries

	Listed fish
	Vermilion darter
	Etheostoma chermocki
	Aquatic
	TESS; VA & TN lists

	Listed fish
	Watercress darter
	Etheostoma nuchale
	Aquatic
	TESS; VA & TN lists

	Listed fish
	Yellowfin Madtom
	Noturus flavipinnis
	Aquatic
	R5 Fisheries

	Listed crustacean
	Alabama cave shrimp
	Palaemonias alabamae
	Cave-karst-springs
	TESS; VA & TN lists

	Listed clam
	Alabama lampmussel
	Lampsilis virescens
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Alabama moccasinshell
	Medionidus acutissimus
	Aquatic
	TESS; VA & TN lists

	Listed insect
	American burying beetle
	Nicrophorus americanus
	
	TESS; VA & TN lists

	Listed snail
	Anthony's riversnail 
	Athearnia anthonyi
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Appalachian elktoe
	Alasmidonta raveneliana
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Appalachian Monkeyface
	Quadrula sparsa
	Aquatic
	R5 Fisheries

	Listed snail
	Armored snail
	Pyrgulopsis pachyta
	
	TESS; VA & TN lists

	Listed clam
	Birdwing pearlymussel
	Lemiox rimosus
	Aquatic
	R5 Fisheries

	Listed clam
	Clubshell
	Pleurobema clava
	Aquatic
	R5 Fisheries

	Listed clam
	Coosa moccasinshell
	Medionidus parvulus
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Cracking Pearlymussel
	Hemistena lata
	Aquatic
	R5 Fisheries

	Listed clam
	Cumberland Bean
	Villosa trabalis
	Aquatic
	R5 Fisheries

	Listed clam
	Cumberland elktoe
	Alasmidonta atropurpurea
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Cumberland Monkeyface
	Quadrula intermedia
	Aquatic
	R5 Fisheries

	Listed clam
	Cumberland pigtoe
	Pleurobema gibberum
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Cumberlandian Combshell
	Epioblasma brevidens
	Aquatic
	R5 Fisheries

	Listed snail
	Cylindrical lioplax
	Lioplax cyclostomaformis
	
	TESS; VA & TN lists

	Listed clam
	Dark pigtoe
	Pleurobema furvum
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Dromedary Pearlymussel
	Dromus dromas
	Aquatic
	R5 Fisheries

	Listed clam
	Dwarf wedgemussel
	Alasmidonta heterodon
	Aquatic
	NJ FO

	Listed clam
	Fanshell
	Cyprogenia stegaria
	Aquatic
	R5 Fisheries

	Listed clam
	Fat pocketbook
	Potamilus capax
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Finelined pocketbook
	Lampsilis altilis
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Fine-rayed Pigtoe
	Fusconaia cuneolus
	Aquatic
	R5 Fisheries

	Listed snail
	Flat pebblesnail
	Lepyrium showalteri
	
	TESS; VA & TN lists

	Listed clam
	Flat pigtoe
	Pleurobema marshalli
	Aquatic
	TESS; VA & TN lists

	Listed snail
	Flat-spired three-toothed snail
	Triodopsis platysayoides
	
	TESS; VA & TN lists

	Listed clam
	Green-Blossom Pearlymussel
	Epioblasma torulosa gubernaculum
	Aquatic
	R5 Fisheries

	Listed clam
	James spinymussel
	Pleurobema collina
	Aquatic
	SWVA FO

	Listed crustacean
	Kentucky cave shrimp
	Palaemonias ganteri
	Cave-karst-springs
	TESS; VA & TN lists

	Listed snail
	Lacy elimia
	Elimia crenatella
	
	TESS; VA & TN lists

	Listed crustacean
	Lee County cave isopod
	Lirceus usdagalun
	Cave-karst-springs
	TESS; VA & TN lists

	Listed clam
	Little-wing Pearlymussel
	Pegias fabula
	Aquatic
	R5 Fisheries

	Listed crustacean
	Madison Cave isopod
	Antrolana lira
	Cave-karst-springs
	TESS; VA & TN lists

	Listed insect
	Mitchell's satyr butterfly
	Neonympha mitchellii
	
	TESS; VA & TN lists

	Listed crustacean
	Nashville crayfish
	Orconectes shoupi
	Aquatic
	TESS; VA & TN lists

	Listed snail
	Noonday snail
	Mesodon clarki nantahala
	
	TESS; VA & TN lists

	Listed clam
	Northern Riffleshell
	Epioblasma torulosa rangiana
	Aquatic
	R5 Fisheries

	Listed clam
	Orangefoot pimpleback
	Plethobasus cooperianus
	Aquatic
	R5 Fisheries

	Listed clam
	Orangenacre mucket
	Lampsilis perovalis
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Ovate clubshell
	Pleurobema perovatum
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Oyster Mussel
	Epioblasma capsaeformis
	Aquatic
	R5 Fisheries

	Listed snail
	Painted rocksnail
	Leptoxis taeniata
	Aquatic
	TESS; VA & TN lists

	Listed snail
	Painted snake coiled forest snail
	Anguispira picta
	
	TESS; VA & TN lists

	Listed clam
	Pale lilliput
	Toxolasma cylindrellus
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Pink Mucket
	Lampsilis abrupta
	Aquatic
	R5 Fisheries

	Listed snail
	Plicate rocksnail
	Leptoxis plicata
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Purple Bean
	Villosa perpurpurea
	Aquatic
	R5 Fisheries

	Listed clam
	Purple cat's paw pearlymussel
	Epioblasma obliquata obliquata
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Ring pink
	Obovaria retusa
	Aquatic
	R5 Fisheries

	Listed clam
	Rough Pigtoe
	Pleurobema plenum
	Aquatic
	R5 Fisheries

	Listed clam
	Rough Rabbitsfoot
	Quadrula cylindrica strigillata
	Aquatic
	R5 Fisheries

	Listed snail
	Round rocksnail
	Leptoxis ampla
	Aquatic
	TESS; VA & TN lists

	Listed snail
	Royal marstonia
	Pyrgulopsis ogmorhaphe
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Shiny Pigtoe
	Fusconaia cor
	Aquatic
	R5 Fisheries

	Listed snail
	Slender campeloma
	Campeloma decampi
	
	TESS; VA & TN lists

	Listed clam
	Southern acornshell
	Epioblasma othcaloogensis
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Southern clubshell
	Pleurobema decisum
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Southern combshell
	Epioblasma penita
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Southern pigtoe
	Pleurobema georgianum
	Aquatic
	TESS; VA & TN lists

	Listed arachnid
	Spruce-fir moss spider
	Microhexura montivaga
	Upland hardwood and montane conifers
	TESS; VA & TN lists

	Listed clam
	Stirrupshell
	Quadrula stapes
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Tan Riffleshell
	Epioblasma florentina walkeri
	Aquatic
	R5 Fisheries

	Listed clam
	Triangular kidneyshell
	Ptychobranchus greenii
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Tubercled blossom
	Epioblasma torulosa torulosa
	Aquatic
	TESS; VA & TN lists

	Listed snail
	Tulotoma snail
	Tulotoma magnifica
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Turgid blossom
	Epioblasma turgidula
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Upland combshell
	Epioblasma metastriata
	Aquatic
	TESS; VA & TN lists

	Listed snail
	Virginia fringed mountain snail
	Polygyriscus virginianus
	
	TESS; VA & TN lists

	Listed clam
	White wartyback
	Plethobasus cicatricosus
	Aquatic
	TESS; VA & TN lists

	Listed clam
	Yellow blossom
	Epioblasma florentina florentina
	Aquatic
	TESS; VA & TN lists

	Listed mammal
	Carolina northern flying squirrel
	Glaucomys sabrinus coloratus
	Upland hardwood and montane conifers
	TESS; VA & TN lists

	Listed mammal
	Grey bat
	Myotis grisescens
	Cave-karst-springs
	TESS; VA & TN lists

	Listed mammal
	Indiana bat
	Myotis sodalis
	Cave-karst-springs
	TESS; VA & TN lists

	Listed mammal
	Virginia big-eared bat
	Corynorhinus townsendii virginianus
	Cave-karst-springs
	TESS; VA & TN lists

	Listed flowering plant
	Alabama leather flower
	Clematis socialis
	Forested wetlands mineral soils
	TESS; VA & TN lists

	Listed fern
	Alabama streak-sorus fern
	Thelypteris pilosa alabamensis 
	
	TESS; VA & TN lists

	Listed fern
	American hart's-tongue fern
	Asplenium scolopendrium americanum
	Cave-karst-springs
	TESS; VA & TN lists

	Listed flowering plant
	Blue Ridge goldenrod
	Solidago spithamaea
	
	TESS; VA & TN lists

	Listed flowering plant
	Braun's rock-cress
	Arabis perstellata
	
	TESS; VA & TN lists

	Listed flowering plant
	Cumberland rosemary
	Conradina verticillata
	
	TESS; VA & TN lists

	Listed flowering plant
	Cumberland sandwort
	Arenaria cumberlandensis
	Scrub shrub
	TESS; VA & TN lists

	Listed flowering plant
	Dwarf-flowered heartleaf
	Hexastylis naniflora
	
	TESS; VA & TN lists

	Listed flowering plant
	Eastern prairie fringed orchid
	Platanthera leucophaea
	
	TESS; VA & TN lists

	Listed flowering plant
	Green pitcher-plant
	Sarracenia oreophila
	
	TESS; VA & TN lists

	Listed flowering plant
	Guthrie's ground-plum
	Astragalus bibullatus
	
	TESS; VA & TN lists

	Listed flowering plant
	Harperella
	Ptilimnium nodosum
	
	TESS; VA & TN lists

	Listed flowering plant
	Heller's blazingstar
	Liatris helleri
	
	TESS; VA & TN lists

	Listed flowering plant
	Kral's water-plantain
	Sagittaria secundifolia
	
	TESS; VA & TN lists

	Listed flowering plant
	Large-flowered skullcap
	Scutellaria montana
	
	TESS; VA & TN lists

	Listed flowering plant
	Leafy prairie-clover
	Dalea foliosa
	
	TESS; VA & TN lists

	Listed flowering plant
	Lyrate bladderpod
	Lesquerella lyrata
	
	TESS; VA & TN lists

	Listed flowering plant
	Mohr's Barbara button
	Marshallia mohrii
	
	TESS; VA & TN lists

	Listed flowering plant
	Morefield's leather flower
	Clematis morefieldii
	
	TESS; VA & TN lists

	Listed flowering plant
	Mountain golden heather
	Hudsonia montana
	
	TESS; VA & TN lists

	Listed flowering plant
	Mountain sweet pitcher-plant
	Sarracenia rubra ssp. jonesii
	
	TESS; VA & TN lists

	Listed flowering plant
	Northeastern bulrush
	Scirpus ancistrochaetus
	
	TESS; VA & TN lists

	Listed flowering plant
	Northern wild monkshood
	Aconitum noveboracense
	
	TESS; VA & TN lists

	Listed flowering plant
	Peter's mountain mallow
	Iliamna corei
	
	TESS; VA & TN lists

	Listed flowering plant
	Price's potato-bean
	Apios priceana
	
	TESS; VA & TN lists

	Listed flowering plant
	Roan Mountain bluet
	Hedyotis purpurea montana
	
	TESS; VA & TN lists

	Listed lichen
	Rock gnome lichen
	Gymnoderma lineare
	
	TESS; VA & TN lists

	Listed flowering plant
	Running buffalo clover
	Trifolium stoloniferum
	
	TESS; VA & TN lists

	Listed flowering plant
	Ruth's golden aster
	Pityopsis ruthii
	
	TESS; VA & TN lists

	Listed flowering plant
	Shale barren rock cress
	Arabis serotina
	
	TESS; VA & TN lists

	Listed flowering plant
	Short's goldenrod
	Solidago shortii
	Scrub shrub
	TESS; VA & TN lists

	Listed flowering plant
	Small whorled pogonia
	Isotria medeoloides
	
	TESS; VA & TN lists

	Listed flowering plant
	Smooth coneflower
	Echinacea laevigata
	
	TESS; VA & TN lists

	Listed flowering plant
	Spreading avens
	Geum radiatum
	
	TESS; VA & TN lists

	Listed flowering plant
	Spring creek bladderpod
	Lesquerella perforata
	
	TESS; VA & TN lists

	Listed flowering plant
	Swamp pink
	Helonias bullata
	
	TESS; VA & TN lists

	Listed flowering plant
	Tennessee purple coneflower
	Echinacea tennesseensis
	Scrub shrub
	TESS; VA & TN lists

	Listed flowering plant
	Tennessee yellow-eyed grass
	Xyris tennesseensis
	
	TESS; VA & TN lists

	Listed flowering plant
	Trillium persistens
	Persistent trillium
	
	TESS; VA & TN lists

	Listed flowering plant
	Virginia round-leaf birch
	Betula uber
	
	TESS; VA & TN lists

	Listed flowering plant
	Virginia sneezeweed
	Helenium virginicum
	
	TESS; VA & TN lists

	Listed flowering plant
	Virginia spiraea
	Spiraea virginiana
	
	TESS; VA & TN lists

	Listed flowering plant
	White irisette
	Sisyrinchium dichotomum
	
	TESS; VA & TN lists

	Listed flowering plant
	White-haired goldenrod
	Solidago albopilosa
	Scrub shrub
	TESS; VA & TN lists

	Listed reptile
	Bog turtle
	Clemmys muhlenbergii
	
	TESS; VA & TN lists

	Listed reptile
	Flattened musk turtle
	Sternotherus depressus
	
	TESS; VA & TN lists

	Listed mammal
	Eastern puma (cougar)
	Puma concolor couguar
	
	R4

	Listed bird
	Interior least tern
	Sternula antillarum athalassos
	
	Indiana FO

	Listed flowering plant
	Little amphianthus
	Amphianthus pusillus
	
	R4

	Listed flowering plant
	Small-anthered bittercress
	Cardamine micranthera
	
	R4

	Listed bird
	Piping plover
	Charadrius melodus
	Shorebird
	R4

	Listed fish
	Etowah darter
	Etheostoma etowahae
	Aquatic
	R4

	Listed fish
	Cherokee darter
	Etheostoma scotti
	Aquatic
	R4

	Listed bird
	Wood stork
	Mycteria americana
	
	R4

	Listed clam
	Alabama heelsplitter
	Potamilus inflatus
	Aquatic
	R4

	Listed flowering plant
	Bunched arrowhead
	Sagittaria fasciculata
	
	

	Listed flowering plant
	Alabama canebreak pitcher-plant
	Sarracenia rubra alabamensis
	
	

	Listed fish
	Alabama sturgeon
	Scaphirhynchus suttkusi
	Aquatic
	R4

	Listed flowering plant
	American chaffseed
	Schwalbea americana
	
	R4

	Listed flowering plant
	Gentian pinkroot
	Spigelia gentianoides
	
	R4

	Listed flowering plant
	Georgia aster
	Symphyotrichum georgianum
	
	

	Listed flowering plant
	Persistent trillium
	Trillium persistens
	
	R4

	Listed fish
	Tuxedo darter
	Etheostoma lemniscatum
	Aquatic
	R4

	Listed fish
	Citico darter
	Etheostoma sitikuense
	Aquatic
	R4

	Listed clam
	Scaleshell
	Leptodea leptodon
	Aquatic
	R4

	Listed amphibian
	Shenandoah salamander
	Plethodon shenandoah
	
	R4

	Listed clam
	Winged mapleleaf
	Quadrula fragosa
	Aquatic
	R4

	Listed bird
	Bachman's warbler
	Vermivora bachmanii
	
	R4

	
	
	
	
	

	Federal Candidate and Proposed Species
	
	
	
	

	Source: US Fish and Wildlife Service
	
	
	
	

	Candidate fish
	Diamond Darter
	Crystallaria cincotta
	Aquatic
	R5 Fisheries

	Candidate flowering plant
	Short's bladderpod
	Lesquerella globosa
	
	TESS

	Candidate clam
	Rayed Bean
	Villosa fabalis
	Aquatic
	R5 Fisheries

	Candidate clam
	Sheepnose
	Plethobasus cyphyus
	Aquatic
	R5 Fisheries

	Candidate clam
	Spectaclecase
	Cumberlandia monodonta
	Aquatic
	R5 Fisheries

	Candidate clam
	Rabbitsfoot
	Quadrula cylindrica cylindrica
	Aquatic
	TESS

	Candidate clam
	Fluted Kidneyshell
	Ptychobranchus subtentum
	Aquatic
	R5 Fisheries

	Candidate clam
	Slabside Pearlymussel
	Lexingtonia dolabelloides
	Aquatic
	R5 Fisheries

	Candidate insect
	Clifton cave beetle
	Pseudanophthalmus caecus
	Cave-karst-springs
	TESS

	Candidate insect
	Icebox cave beetle
	Pseudanophthalmus frigidus
	Cave-karst-springs
	TESS

	Candidate insect
	Louisville cave beetle
	Pseudanophthalmus troglodytes
	Cave-karst-springs
	TESS

	Candidate insect
	Tatum cave beetle
	Pseudanophthalmus parvus
	Cave-karst-springs
	TESS

	Candidate fish
	Cumberland darter
	Etheostoma susanae
	Aquatic
	TESS

	Candidate flowering plant
	Kentucky glade cress
	Leavenworthia exigua laciniata
	Scrub shrub
	TESS

	Candidate flowering plant
	White fringeless orchid
	Platanthera integrilabia
	
	TESS

	Candidate insect
	Sesquatchie caddisfly
	Glyphopsyche sequatchie
	Aquatic
	TESS

	Candidate insect
	Baker Station cave beetle
	Pseudanophthalmus insularis
	Cave-karst-springs
	TESS

	Candidate insect
	Coleman cave beetle
	Pseudanophthalmus colemanensis
	Cave-karst-springs
	TESS

	Candidate insect
	Fowler's cave beetle
	Pseudanophthalmus fowlerae
	Cave-karst-springs
	TESS

	Candidate insect
	Indian Grave Point cave beetle
	Pseudanophthalmus tiresias
	Cave-karst-springs
	TESS

	Candidate insect
	Inquirer cave beetle
	Pseudanophthalmus inquisitor
	Cave-karst-springs
	TESS

	Candidate insect
	Nobletts cave beetle
	Pseudanophthalmus paulus
	Cave-karst-springs
	TESS

	Candidate fish
	Rush darter
	Etheostoma phytophilum
	Aquatic
	TESS

	Candidate fish
	Laurel dace
	Phoxinus saylori
	Aquatic
	TESS

	Candidate fish
	Chucky madtom
	Noturus crypticus
	Aquatic
	TESS

	Candidate fish
	Sicklefin redhorse
	Moxostoma sp
	Aquatic
	TESS

	Candidate flowering plant
	Whorled sunflower
	Helianthus verticillatus
	
	TESS

	Candidate snail
	Black mudalia
	Elimia melanoides
	Aquatic
	TESS

	Candidate amphibian
	Black warrior waterdog
	Necturus alabamensis
	Aquatic
	TESS

	Candidate flowering plant
	[unnamed] gladecress
	Leavenworthia crassa
	
	TESS

	Candidate mammal
	New England cottontail
	Sylvilagus transitionalis
	Scrub shrub
	NYFO

	Candidate reptile
	Eastern massassauga rattlesnake
	Sistrurus catenatus catenatus
	
	Ohio FO, Indiana FO

	Candidate flowering plant
	Georgia rockcress
	Arabis georgiana
	
	R4

	Candidate insect
	Surprising cave beetle
	Pseudanophthalmus inexpectatus
	Cave-karst-springs
	R4

	Proposed listed fish
	Rush darter
	Etheostoma phytophilum
	Aquatic
	R4

	Proposed listed snail
	Interrupted rocksnail
	Leptoxis foremani
	
	R4

	Proposed listed snail
	Rough hornsnail
	Pleurocera foremani
	Aquatic
	R4

	
	
	
	
	

	Priority Migratory Birds
	
	
	
	

	Source: Appalachian Mountain Joint Venture (note: federally listed priority birds appear under Federally Listed Species)
	
	
	
	

	Migratory bird
	Acadian Flycatcher
	Empidonax virescens
	Upland hardwood forest
	AMJV

	Migratory bird
	Alder Flycatcher
	Empidonax alnorum
	Shrubland
	AMJV

	Migratory bird
	American Bittern
	Botaurus lentiginosus
	Waterbird 
	AMJV

	Migratory bird
	American Black Duck 
	Anas rubripes
	Waterfowl
	AMJV

	Migratory bird
	American Coot 
	Fulica americana
	Waterbird 
	AMJV

	Migratory bird
	American Woodcock
	Scolopax minor
	Shrubland
	AMJV

	Migratory bird
	Bachman's Sparrow
	Aimophila aestivalis
	Open pine forest/savannah
	AMJV

	Migratory bird
	Bald Eagle
	Haliaeetus leucocephalus
	Bottomland forest/wetlands
	AMJV

	Migratory bird
	Bay‐breasted Warbler
	Dendroica castanea
	(Upland+high-elevation forest/shrub)
	AMJV

	Migratory bird
	Bewick's Wren
	Thryomanes bewickii
	Shrubland
	AMJV

	Migratory bird
	Bicknell's Thrush 
	Catharus bicknelli
	(Upland+high-elevation forest/shrub)
	AMJV

	Migratory bird
	Black Tern
	Chlidonias niger
	Waterbird 
	AMJV

	Migratory bird
	Black‐and‐white Warbler
	Mniotilta varia
	Upland hardwood forest
	AMJV

	Migratory bird
	Black‐billed Cuckoo 
	Coccyzus erythropthalmus
	Upland hardwood forest
	AMJV

	Migratory bird
	Blackburnian Warbler 
	Dendroica fusca
	High-elevation forest 
	AMJV

	Migratory bird
	Black‐capped Chickadee
	Poecile atricapillus
	High-elevation forest/upland hardwoods
	AMJV

	Migratory bird
	Black-crowned Night-Heron
	Nycticorax nycticorax
	Waterbird 
	AMJV

	Migratory bird
	Blackpoll Warbler 
	Dendroica striata
	High-elevation forest (spruce-fir)
	AMJV

	Migratory bird
	Blue-winged Teal 
	Anas discors
	Waterfowl
	AMJV

	Migratory bird
	Blue‐winged Warbler  
	Vemivora pinus
	Shrubland
	AMJV

	Migratory bird
	Broad‐winged Hawk 
	Buteo platypterus
	Upland hardwood forest
	AMJV

	Migratory bird
	Brown Thrasher 
	Toxostoma rufum
	Shrubland
	AMJV

	Migratory bird
	Brown‐headed Nuthatch 
	Sitta pusilla
	Pine forest
	AMJV

	Migratory bird
	Buff‐breasted Sandpiper
	Tryngites subruficollis
	Grassland
	AMJV

	Migratory bird
	Bufflehead
	Bucephala albeola
	Waterfowl
	AMJV

	Migratory bird
	Canada Goose - Atlantic 
	Branta canadensis
	Waterfowl
	AMJV

	Migratory bird
	Canada Warbler 
	Wilsonia canadensis
	High-elevation forest
	AMJV

	Migratory bird
	Canvasback
	Aythya valisineria
	Waterfowl
	AMJV

	Migratory bird
	Cerulean Warbler
	Dendroica cerulea
	Upland hardwood forest
	AMJV

	Migratory bird
	Chimney Swift
	Chaetura pelagica
	Upland hardwood forest/urban
	AMJV

	Migratory bird
	Chuck‐will's‐widow 
	Caprimulgus carolinensis
	Pine forest/bottomland forest
	AMJV

	Migratory bird
	Common Goldeneye 
	Bucephala clangula
	Waterfowl
	AMJV

	Migratory bird
	Common Moorhen
	Gallinula chloropus
	Waterbird 
	AMJV

	Migratory bird
	Common Tern
	Sterna hirundo
	Waterbird 
	AMJV

	Migratory bird
	Dunlin 
	Calidris alpina
	Shorebird 
	AMJV

	Migratory bird
	Eastern Meadowlark 
	Sturnella magna
	Grassland
	AMJV

	Migratory bird
	Eastern Towhee
	Pipilo erythrophthalmus
	Shrubland
	AMJV

	Migratory bird
	Eastern Wood‐Pewee
	Contopus virens
	Upland hardwood forest
	AMJV

	Migratory bird
	Field Sparrow 
	Spizella pusilla
	Shrubland
	AMJV

	Migratory bird
	Gadwall
	Anas strepera
	Waterfowl
	AMJV

	Migratory bird
	Golden Eagle
	Aquila chrysaetos
	(Balds/high-elevation clearings)
	AMJV

	Migratory bird
	Golden‐winged Warbler 
	Vermivora chrysoptera
	Shrubland
	AMJV

	Migratory bird
	Grasshopper Sparrow
	Ammodramus savannarum
	Grassland
	AMJV

	Migratory bird
	Greater Yellowlegs
	Tringa melanoceuca
	Shorebird 
	AMJV

	Migratory bird
	Henslow's Sparrow
	Ammodramus henslowii
	Grassland
	AMJV

	Migratory bird
	Hooded Merganser
	Lophodytes cucullatus
	Waterfowl
	AMJV

	Migratory bird
	Hooded Warbler
	Wilsonia citrina
	Upland hardwood forest
	AMJV

	Migratory bird
	Indigo Bunting
	Passerina cyanea
	Shrubland
	AMJV

	Migratory bird
	Kentucky Warbler 
	Oporornis formosus
	Upland hardwood forest
	AMJV

	Migratory bird
	King Rail
	Rallus elegans
	Waterbird 
	AMJV

	Migratory bird
	Lark Sparrow
	Chondestes grammacus
	Grassland
	AMJV

	Migratory bird
	Least Bittern
	Ixobrychus exilis
	Waterbird 
	AMJV

	Migratory bird
	Least Sandpiper 
	Calidris minutilla
	Shorebird 
	AMJV

	Migratory bird
	Lesser Scaup
	Aythya affinis
	Waterfowl
	AMJV

	Migratory bird
	Lesser Yellowlegs 
	Tringa flavipes
	Shorebird 
	AMJV

	Migratory bird
	Loggerhead Shrike
	Lanius ludovicianus
	Shrubland/grassland
	AMJV

	Migratory bird
	Long‐eared Owl 
	Asio otus
	Upland hardwood forest/pine forest
	AMJV

	Migratory bird
	Louisiana Waterthrush 
	Seiurus motacilla
	Upland hardwood forest
	AMJV

	Migratory bird
	Mallard
	Anas platyrhynchos
	Waterfowl
	AMJV

	Migratory bird
	Marsh Wren
	Cistothorus palustris
	Emergent wetland
	AMJV

	Migratory bird
	Northern Bobwhite
	Colinus virginianus
	Grassland/shrubland
	AMJV

	Migratory bird
	Northern Flicker
	Colaptes auratus
	Upland hardwood forest
	AMJV

	Migratory bird
	Northern Goshawk
	Accipiter gentilis
	High-elevation forest
	AMJV

	Migratory bird
	Northern Harrier
	Circus cyaneus
	Grassland
	AMJV

	Migratory bird
	Northern Parula 
	Parula americana
	Bottomland forest/upland hardwood forest
	AMJV

	Migratory bird
	Northern Saw‐whet Owl 
	Aegolius acadicus
	High-elevation forest
	AMJV

	Migratory bird
	Olive‐sided Flycatcher
	Contopus cooperi
	High-elevation forest/bogs
	AMJV

	Migratory bird
	Peregrine Falcon
	Falco peregrinus
	High-elevation cliffs/urban areas
	AMJV

	Migratory bird
	Prairie Warbler
	Dendroica discolor
	Shrubland
	AMJV

	Migratory bird
	Prothonotary Warbler
	Protonotaria citrea
	Bottomland forest
	AMJV

	Migratory bird
	Purple Martin 
	Progne subis
	Wetlands
	AMJV

	Migratory bird
	Red Crossbill 
	Loxia curvirostra
	High-elevation forests(spruce-fir)
	AMJV

	Migratory bird
	Redhead
	Aythya americana
	Waterfowl
	AMJV

	Migratory bird
	Red‐headed Woodpecker
	Melanerpes erythrocephalus
	Upland hardwood forest/bottomland forest
	AMJV

	Migratory bird
	Ring-necked Duck
	Aythya collaris
	Waterfowl
	AMJV

	Migratory bird
	Sandhill Crane 
	Grus canadensis
	Waterbird 
	AMJV

	Migratory bird
	Scarlet Tanager
	Piranga olivacea
	Upland hardwood forest
	AMJV

	Migratory bird
	Sedge Wren
	Cistothorus platensis
	Grassland
	AMJV

	Migratory bird
	Semipalmated Plover
	Charadrius semipalmatus
	Shorebird 
	AMJV

	Migratory bird
	Semipalmated Sandpiper 
	Calidris pusilla
	Shorebird 
	AMJV

	Migratory bird
	Sharp‐shinned Hawk
	Accipiter striatus
	Upland hardwood forest
	AMJV

	Migratory bird
	Short‐eared Owl 
	Asio flammeus
	(Grassland/marsh)
	AMJV

	Migratory bird
	Solitary Sandpiper
	Tringa solitaria
	Shorebird 
	AMJV

	Migratory bird
	Sora
	Porzana carolina
	Waterbird 
	AMJV

	Migratory bird
	Spotted Sandpiper
	Actitis macularius
	Shorebird 
	AMJV

	Migratory bird
	Stilt Sandpiper 
	Calidris himantopus
	Shorebird 
	AMJV

	Migratory bird
	Summer Tanager 
	Piranga rubra
	Upland hardwood forest
	AMJV

	Migratory bird
	Swainson's Warbler 
	Limnothlypis swainsonii
	Bottomland forest
	AMJV

	Migratory bird
	Upland Sandpiper
	Bartramia longicauda
	Grassland
	AMJV

	Migratory bird
	Virginia Rail
	Rallus limicola
	Waterbird 
	AMJV

	Migratory bird
	Western Sandpiper
	Calidris mauri
	Shorebird 
	AMJV

	Migratory bird
	Whip‐poor‐will
	Caprimulgus vociferus
	Upland hardwood forest/shrubland
	AMJV

	Migratory bird
	White‐throated Sparrow
	Zonotrichia albicollis
	High-elevation forest
	AMJV

	Migratory bird
	Willow Flycatcher 
	Empidonax traillii
	Shrubland
	AMJV

	Migratory bird
	Wood Duck
	Aix sponsa
	Waterfowl
	AMJV

	Migratory bird
	Wood Thrush
	Hylocichla mustelina
	Upland hardwood forest
	AMJV

	Migratory bird
	Worm‐eating Warbler 
	Helmitheros vermivorus
	Upland hardwood forest
	AMJV

	Migratory bird
	Yellow Rail
	Coturnicops noveboracensis
	Waterbird 
	AMJV

	Migratory bird
	Yellow‐bellied Flycatcher
	Empidonax flaviventris
	High-elevation forest/bogs
	AMJV

	Migratory bird
	Yellow‐bellied Sapsucker
	Sphyrapicus varius
	High-elevation forest
	AMJV

	Migratory bird
	Yellow‐breasted Chat
	Icteria virens
	Shrubland
	AMJV

	Migratory bird
	Yellow‐throated Vireo
	Vireo flavifrons
	Upland hardwood forest
	AMJV

	Migratory bird
	Yellow‐throated Warbler
	Dendroica dominica
	Bottomland forest
	AMJV

	
	
	
	
	

	Interjurisdictional Fishes
	
	
	
	

	Source: US Fish and Wildlife Service
	
	
	
	

	Interjurisdictional fish
	American eel
	Anguilla rostrata
	Aquatic
	R5 Fisheries

	Interjurisdictional fish
	Paddlefish
	Polyodon spathula
	Aquatic
	R4 Fisheries

	Interjurisdictional fish
	Lake sturgeon
	Acipenser fulvescens
	Aquatic
	R4 Fisheries

	Interjurisdictional fish
	Skipjack herring
	Alosa chrysochloris
	Aquatic
	R4 Fisheries

	Interjurisdictional fish
	Alligator gar
	Atractosteus spatula
	Aquatic
	R4 Fisheries

	
	
	
	
	

	Habitats for migratory birds:
	
	
	

	High-elevation forest = northern hardwood + spruce-fir forests
	
	
	

	Upland hardwood forest = oak-hickory + "core" hardwood forests
	
	
	

	Shrubland = shrubby old fields, barrens, young-regenerating forest
	
	
	


























[bookmark: _Toc184879375]Appendix IIa. List of Recovery Plans 
	
	
	

	Listed Species with Recovery Plans in the Appalachian LCC Area

	
	
	

	All listed species recovery plans may be found at 
	

	http://www.fws.gov/ecos/ajax/tess_public/TESSWebpageRecovery?sort=1

	
	
	

	Common Name
	Scientific Name
	Plan Name

	Mammals
	
	

	Carolina northern flying squirrel
	Glaucomys sabrinus coloratus
	Appalachian Northern Flying Squirrels (2 spp.)

	Gray bat
	Myotis grisescens
	Gray Bat

	Indiana bat
	Myotis sodalis
	Indiana Bat (Myotis sodalis) Draft Recovery Plan: First Revision

	Virginia big-eared bat
	Corynorhinus townsendii virginianus
	Ozark/Virginia Big-eared Bats (2 spp.)

	Eastern puma (=cougar)
	Puma (=Felis) concolor couguar 
	Eastern Cougar

	
	
	

	Birds
	
	

	Red‐cockaded woodpecker 
	Picoides borealis
	Red-cockaded Woodpecker Recovery Plan, Second Revision

	Whooping crane
	Grus americana
	Whooping Crane Recovery Plan, Final Third Revision

	Wood stork -- AL, FL, GA, SC
	Mycteria americana 
	Revised Recovery Plan for the U.S. Breeding Population of the Wood Stork

	Bachman's warbler (=wood)
	Vermivora bachmanii 
	Exempt from recovery planning

	Piping Plover
	Charadrius melodus 
	??

	
	
	

	Reptiles
	
	

	Bog turtle
	Clemmys muhlenbergii
	Recovery Plan for the Bog Turtle, Northern Population

	Flattened musk turtle
	Sternotherus depressus
	Flattened Musk Turtle

	
	
	

	Amphibians
	
	

	Cheat Mountain salamander
	Plethodon nettingi
	Cheat Mountain Salamander

	Shenandoah salamander
	Plethodon shenandoah 
	Shenandoah Salamander

	
	
	

	Fishes
	
	

	Alabama cavefish
	Speoplatyrhinus poulsoni
	Alabama Cavefish

	Amber darter
	Percina antesella
	Conasauga Logperch/Amber Darter (2 spp.)

	Blackside dace
	Phoxinus cumberlandensis
	Blackside Dace

	Blue shiner
	Cyprinella caerulea
	Blue Shiner

	Bluemask darter
	Etheostoma akatulo
	Bluemask (=Jewel) Darter (Etheostoma (Doration) sp.) Recovery Plan

	Boulder darter
	Etheostoma wapiti
	Boulder Darter

	Cahaba shiner
	Notropis cahabae
	Cahaba Shiner

	Conasauga logperch
	Percina jenkinsi
	Conasauga Logperch/Amber Darter (2 spp.)

	Duskytail darter
	Etheostoma percnurum
	Duskytail Darter

	Goldline darter
	Percina aurolineata
	Recovery Plan for the Mobile River Basin (15 species)

	Palezone shiner
	Notropis albizonatus
	Palezone Shiner

	Pygmy madtom
	Noturus stanauli
	Pygmy Madtom

	Pygmy sculpin
	Cottus paulus
	Pygmy Sculpin

	Slackwater darter
	Etheostoma boschungi
	Slackwater Darter

	Slender chub
	Erimystax cahni
	Slender Chub

	Smoky madtom
	Noturus baileyi
	Smoky Madtom

	Snail darter
	Percina tanasi
	Snail Darter

	Spotfin chub
	Erimonax monachus
	Spotfin Chub

	Vermilion darter
	Etheostoma chermocki
	Recovery Plan for the Vermilion Darter, Etheostoma chermocki

	Watercress darter
	Etheostoma nuchale
	Watercress Darter

	Yellowfin madtom
	Noturus flavipinnis
	Yellowfin Madtom

	Roanoke logperch
	Percina rex 
	Roanoke Logperch

	Cherokee darter
	Etheostoma scotti 
	Recovery Plan for the Mobile River Basin (15 species)

	Etowah darter
	Etheostoma etowahae 
	Recovery Plan for the Mobile River Basin (15 species)

	
	
	

	Clams
	
	

	Alabama lampmussel
	Lampsilis virescens
	Alabama Lamp Pearly Mussel

	Alabama moccasinshell
	Medionidus acutissimus
	Recovery Plan for the Mobile River Basin (15 species)

	Appalachian elktoe
	Alasmidonta raveneliana
	Appalachian Elktoe

	Appalachian monkeyface
	Quadrula sparsa
	Appalachian Monkeyface Pearly Mussel (Quadrula sparsa)

	Birdwing pearlymussel
	Lemiox rimosus
	Birdwing Pearly Mussel

	Cat's paw pearlymussel
	Epioblasma obliquata obliquata
	Purple Cat's Paw Pearly Mussel

	Clubshell
	Pleurobema clava
	Clubshell/Northern Riffleshell (2 spp.)

	Coosa moccasinshell
	Medionidus parvulus
	Recovery Plan for the Mobile River Basin (15 species)

	Cracking pearlymussel
	Hemistena lata
	Cracking Pearly Mussel

	Cumberland bean
	Villosa trabalis
	Cumberland Bean Pearly Mussel

	Cumberland elktoe
	Alasmidonta atropurpurea
	Cumberland and Tennessee River Mussels (5 spp.)

	Cumberland monkeyface
	Quadrula intermedia
	Cumberland Monkeyface Pearly Mussel

	Cumberland pigtoe
	Pleurobema gibberum
	Cumberland Pigtoe Mussel

	Cumberlandian combshell
	Epioblasma brevidens
	Cumberland and Tennessee River Mussels (5 spp.)

	Dark pigtoe
	Pleurobema furvum
	Recovery Plan for the Mobile River Basin (15 species)

	Dromedary pearlymussel
	Dromus dromas
	Dromedary Pearly Mussel

	Fanshell
	Cyprogenia stegaria
	Fanshell (Mussel)

	Fat pocketbook
	Potamilus capax
	Fat Pocketbook Pearly Mussel

	Finelined pocketbook
	Lampsilis altilis
	Recovery Plan for the Mobile River Basin (15 species)

	Fine-rayed pigtoe
	Fusconaia cuneolus
	Fine-Rayed Pigtoe Pearly Mussel

	Flat pigtoe
	Pleurobema marshalli
	Tombigbee Mussels (5 spp.)

	Green-blossom pearlymussel
	Epioblasma torulosa gubernaculum
	Green-blossom Pearly Mussel

	Little-wing pearlymussel
	Pegias fabula
	Little Wing Pearly Mussel

	Northern riffleshell
	Epioblasma torulosa rangiana
	Clubshell/Northern Riffleshell (2 spp.)

	Orangefoot pimpleback
	Plethobasus cooperianus
	Orange-footed Pearly Mussel

	Orangenacre mucket
	Lampsilis perovalis
	Recovery Plan for the Mobile River Basin (15 species)

	Ovate clubshell
	Pleurobema perovatum
	Recovery Plan for the Mobile River Basin (15 species)

	Oyster mussel
	Epioblasma capsaeformis
	Cumberland and Tennessee River Mussels (5 spp.)

	Pale lilliput
	Toxolasma cylindrellus
	Pale Lilliput Pearly Mussel

	Pink mucket
	Lampsilis abrupta
	Pink Mucket Pearly Mussel

	Purple bean
	Villosa perpurpurea
	Cumberland and Tennessee River Mussels (5 spp.)

	Ring pink
	Obovaria retusa
	Ring Pink (Mussel)

	Rough pigtoe
	Pleurobema plenum
	Rough Pigtoe Pearly Mussel

	Rough rabbitsfoot
	Quadrula cylindrica strigillata
	Cumberland and Tennessee River Mussels (5 spp.)

	Shiny pigtoe
	Fusconaia cor
	Shiny Pigtoe Pearly Mussel

	Southern acornshell
	Epioblasma othcaloogensis
	Recovery Plan for the Mobile River Basin (15 species)

	Southern clubshell
	Pleurobema decisum
	Recovery Plan for the Mobile River Basin (15 species)

	Southern combshell
	Epioblasma penita
	Tombigbee Mussels (5 spp.)

	Southern pigtoe
	Pleurobema georgianum
	Recovery Plan for the Mobile River Basin (15 species)

	Stirrupshell
	Quadrula stapes
	Tombigbee Mussels (5 spp.)

	Tan riffleshell
	Epioblasma florentina walkeri
	Tan Riffleshell Mussel

	Triangular kidneyshell
	Ptychobranchus greenii
	Recovery Plan for the Mobile River Basin (15 species)

	Tubercled blossom
	Epioblasma torulosa torulosa
	Three Pearly Mussels (3 spp.)

	Turgid blossom
	Epioblasma turgidula
	Three Pearly Mussels (3 spp.)

	Upland combshell
	Epioblasma metastriata
	Recovery Plan for the Mobile River Basin (15 species)

	White wartyback
	Plethobasus cicatricosus
	White Wartyback Pearly Mussel

	Yellow blossom
	Epioblasma florentina florentina
	Three Pearly Mussels (3 spp.)

	Dwarf wedgemussel
	Alasmidonta heterodon 
	Dwarf Wedge Mussel

	James spinymussel
	Pleurobema collina 
	James Spinymussel

	Scaleshell mussel
	Leptodea leptodon 
	Final Recovery Plan for the Scaleshell Mussel

	Alabama (=inflated) heelsplitter
	Potamilus inflatus 
	Inflated Heelsplitter

	Winged Mapleleaf -- Entire; except where listed as experimental populations
	Quadrula fragosa 
	Winged Mapleleaf Mussel

	
	
	

	Snails
	
	

	Anthony's riversnail 
	Athearnia anthonyi
	Anthony's Riversnail

	Armored snail
	Pyrgulopsis pachyta
	Technical Draft Recovery Plan for the Armored Snail

	Cylindrical lioplax
	Lioplax cyclostomaformis
	Final Recovery Plan for Six Mobile Basin Aquatic Snails

	Flat pebblesnail
	Lepyrium showalteri
	Final Recovery Plan for Six Mobile Basin Aquatic Snails

	Flat-spired three-toothed snail
	Triodopsis platysayoides
	Flat-spired Three-Toothed Snail

	Lacy elimia
	Elimia crenatella
	Final Recovery Plan for Six Mobile Basin Aquatic Snails

	Noonday snail
	Mesodon clarki nantahala
	Noonday Snail

	Painted rocksnail
	Leptoxis taeniata
	Final Recovery Plan for Six Mobile Basin Aquatic Snails

	Painted snake coiled forest snail
	Anguispira picta
	Painted Snake Coiled Forest Snail

	Plicate rocksnail
	Leptoxis plicata
	Final Recovery Plan for Six Mobile Basin Aquatic Snails

	Round rocksnail
	Leptoxis ampla
	Final Recovery Plan for Six Mobile Basin Aquatic Snails

	Royal marstonia
	Pyrgulopsis ogmorhaphe
	Royal Snail

	Slender campeloma
	Campeloma decampi
	not available?

	Tulotoma snail
	Tulotoma magnifica
	Recovery Plan for the Mobile River Basin (15 species)

	Virginia fringed mountain snail
	Polygyriscus virginianus
	Virginia Fringed Mountain Snail

	Flat pebblesnail
	Lepyrium showalteri 
	Final Recovery Plan for Six Mobile Basin Aquatic Snails

	
	
	

	Insects
	
	

	American burying beetle
	Nicrophorus americanus
	American Burying Beetle Recovery Plan

	Mitchell's satyr butterfly
	Neonympha mitchellii
	Mitchell's Satyr Butterfly

	
	
	

	Arachnids
	
	

	Spruce-fir moss spider
	Microhexura montivaga
	Spruce-Fir Moss Spider

	
	
	

	Crustaceans
	
	

	Alabama cave shrimp
	Palaemonias alabamae
	Alabama Cave Shrimp Recovery Plan

	Kentucky cave shrimp
	Palaemonias ganteri
	Kentucky Cave Shrimp

	Lee County cave isopod
	Lirceus usdagalun
	Lee County Cave Isopod (Lirceus usdagalun) Recovery Plan

	Madison Cave isopod
	Antrolana lira
	Madison Cave Isopod

	Nashville crayfish
	Orconectes shoupi
	Nashville Crayfish

	
	
	

	Flowering Plants
	
	

	Alabama leather flower
	Clematis socialis
	Alabama Leather-flower

	Blue Ridge goldenrod
	Solidago spithamaea
	Blue Ridge Goldenrod

	Braun's rock-cress
	Arabis perstellata
	Braun's Rockcress

	Cumberland rosemary
	Conradina verticillata
	Cumberland Rosemary

	Cumberland sandwort
	Arenaria cumberlandensis
	Cumberland Sandwort

	Dwarf-flowered heartleaf
	Hexastylis naniflora
	None available

	Eastern prairie fringed orchid
	Platanthera leucophaea
	Eastern Prairie Fringed Orchid

	Green pitcher-plant
	Sarracenia oreophila
	Green Pitcher-plant

	Guthrie's ground-plum
	Astragalus bibullatus
	Technical/Agency Draft Recovery Plan for Astragalus bibullatus (Pyne's Ground-plum)

	Harperella
	Ptilimnium nodosum
	Harperella

	Heller's blazingstar
	Liatris helleri
	Recovery Plan for Liatris helleri Heller's Blazing Star

	Kral's water-plantain
	Sagittaria secundifolia
	Kral's Water Plantain

	Large-flowered skullcap
	Scutellaria montana
	Large-flowered Skullcap

	Leafy prairie-clover
	Dalea foliosa
	Leafy Prairie-clover

	Lyrate bladderpod
	Lesquerella lyrata
	Lyrate Bladderpod

	Mohr's Barbara button
	Marshallia mohrii
	Mohr's Barbara's Button

	Morefield's leather flower
	Clematis morefieldii
	Morefield's Leather-flower

	Mountain golden heather
	Hudsonia montana
	Mountain Golden Heather

	Mountain sweet pitcher-plant
	Sarracenia rubra jonesii
	Mountain Sweet Pitcher-plant

	Northeastern bulrush
	Scirpus ancistrochaetus
	Northeastern Bulrush

	Northern wild monkshood
	Aconitum noveboracense
	Northern Monkshood

	Persistent trillium
	Trillium persistens
	Persistant Trillium

	Peter's mountain mallow
	Iliamna corei
	Peters Mountain Mallow

	Price's potato-bean
	Apios priceana
	Price's Potato Bean

	Roan Mountain bluet
	Hedyotis purpurea montana
	Roan Mountain Bluet

	Running buffalo clover
	Trifolium stoloniferum
	Revised Final Recovery Plan for the Running Buffalo Clover (Trifolium stoloniferum)

	Ruth's golden aster
	Pityopsis ruthii
	Ruth's Golden Aster

	Shale barren rock cress
	Arabis serotina
	Shale Barren Rock-cress

	Short's goldenrod
	Solidago shortii
	Short's Goldenrod

	Small whorled pogonia
	Isotria medeoloides
	Small Whorled Pogonia

	Smooth coneflower
	Echinacea laevigata
	Smooth Coneflower

	Spreading avens
	Geum radiatum
	Spreading Avens

	Spring creek bladderpod
	Lesquerella perforata
	Recovery Plan for Spring Creek bladderpod (Lesquerella perforata)

	Swamp pink
	Helonias bullata
	Swamp Pink (Helonias bullata) Recovery Plan

	Tennessee purple coneflower
	Echinacea tennesseensis
	Tennesee Purple Coneflower

	Tennessee yellow-eyed grass
	Xyris tennesseensis
	Tennessee Yellow-Eyed Grass

	Virginia round-leaf birch
	Betula uber
	Virginia Round-leaf Birch

	Virginia sneezeweed
	Helenium virginicum
	Draft recovery plan for the Virginia Sneezeweed

	Virginia spiraea
	Spiraea virginiana
	Virginia Spiraea

	White irisette
	Sisyrinchium dichotomum
	White Irisette

	White-haired goldenrod
	Solidago albopilosa
	White-haired Goldenrod

	Little amphianthus
	Amphianthus pusillus 
	Granite Outcrop Plants (3 spp.)

	Small-anthered bittercress
	Cardamine micranthera 
	Small-anthered Bittercress

	Bunched arrowhead
	Sagittaria fasciculata 
	Bunched Arrowhead

	Alabama canebrake pitcher-plant
	Sarracenia rubra alabamensis 
	Alabama Canebreak Pitcher-Plant

	American chaffseed
	Schwalbea americana 
	American Chaffseed (Schwalbea americana)Recovery Plan

	
	
	

	Ferns and Allies
	
	

	Alabama streak-sorus fern
	Thelypteris pilosa alabamensis 
	Alabama Streak-Sorus Fern

	American hart's-tongue fern
	Asplenium scolopendrium americanum
	American Hart's-tongue Fern

	
	
	

	Lichens
	
	

	Rock gnome lichen
	Gymnoderma lineare
	Recovery Plan for the Rock Gnome Lichen (Gymnoderna lineare)
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	[unnamed] gladecress
	Leavenworthia crassa
	Candidate
	Unknown

	Alabama canebreak pitcher-plant
	Sarracenia rubra alabamensis
	Jackson ESFO
	Cary Norquist

	Alabama cave shrimp
	Palaemonias alabamae
	Daphne ESFO
	Lori McNease

	Alabama cavefish
	Speoplatyrhinus poulsoni
	Jackson ESFO
	Daniel Drennen

	Alabama heelsplitter
	Potamilus inflatus
	Jackson ESFO
	Paul Hartfield

	Alabama lampmussel
	Lampsilis virescens
	Daphne ESFO
	Jeffrey Powell

	Alabama leather flower
	Clematis socialis
	Jackson ESFO
	Cary Norquist

	Alabama moccasinshell
	Medionidus acutissimus
	Jackson ESFO
	Paul Hartfield

	Alabama streak-sorus fern
	Thelypteris pilosa alabamensis
	Daphne ESFO
	Dan Everson

	Alabama sturgeon
	Scaphirhynchus suttkusi
	Daphne ESFO
	Jeff Powell

	Amber darter
	Percina antecella
	Georgia ESFO
	Kelly Bibb

	American burying beetle 
	Nicrophorus americanus 
	Oklahoma ESFO
	Hayley Dikeman

	American chaffseed
	Schwalbea americana
	New Jersey ESFO
	Annette Scherer

	American hart's-tongue fern
	Asplenium scolopendrium americanum
	Cookeville ESFO
	Geoff Call

	Anthony's riversnail
	Athearnia anthonyi
	Cookeville ESFO
	Geoff Call

	Appalachian elktoe
	Alasmidonta raveneliana
	Asheville ESFO
	John Fridell

	Appalachian monkeyface
	Quadrula sparsa 
	Southwest Virginia ESFO
	Shane Hanlon

	Armored snail
	Pyrgulopsis pachyta
	Daphne ESFO
	Martha Balislarsen

	Bachman's warbler
	Vermivora bachmanii
	Charleston ESFO
	Lora Zimmerman

	Baker Station cave beetle
	Pseudanophthalmus insularis
	Candidate
	Unknown

	Birdwing pearlymussel 
	Lemiox rimosus 
	Cookeville ESFO
	Timothy Merritt

	Black mudalia
	Elimia melanoides
	Candidate
	Unknown

	Black warrior waterdog
	Necturus alabamensis
	Candidate
	Unknown

	Blackside dace 
	Phoxinus cumberlandensis 
	Kentucky ESFO
	Michael Floyd

	Blue Ridge goldenrod
	Solidago spithamaea
	Asheville ESFO
	Carolyn Wells

	Blue shiner
	Cyprinella caerulia
	Jackson ESFO
	Daniel Drennen

	Bluemask darter
	Etheostoma akatulo
	Cookeville ESFO
	Geoff Call

	Bog turtle 
	Clemmys muhlenbergii 
	Pennsylvania ESFO
	Carole Copeyon

	Boulder darter
	Etheostoma wapiti
	Cookeville ESFO
	Geoff Call

	Braun's rock-cress
	Arabis perstellata
	Kentucky ESFO
	Michael Floyd

	Bunched arrowhead
	Sagittaria fasciculata
	Asheville ESFO
	Carolyn Wells

	Cahaba shiner
	Notropis cahabae
	Jackson ESFO
	Daniel Drennen

	Carolina northern flying squirrel 
	Glaucomys sabrinus coloratus 
	West Virginia ESFO
	Laura Hill

	Cat's paw pearlymussel
	Epioblasma obliquata obliquata
	Columbus, Ohio ESFO
	Angela Boyer

	Cheat mountain salamander
	Plethodon nettingi
	West Virginia ESFO
	Shane Jones

	Cherokee darter
	Etheostoma scotti
	Athens ESFO
	Robin Goodloe

	Chucky madtom
	Noturus crypticus
	Candidate
	Unknown

	Clifton cave beetle
	Pseudanophthalmus caecus
	Candidate
	Unknown

	Clubshell
	Pleurobema clava
	Pennsylvania ESFO
	Robert Anderson

	Coleman cave beetle
	Pseudanophthalmus colemanensis
	Candidate
	Unknown

	Conasauga logperch
	Percina jenkinsi
	Georgia ESFO
	Kelly Bibb

	Coosa moccasinshell
	Medionidus parvulus
	Jackson ESFO
	Paul Hartfield

	Cracking pearlymussel 
	Hemistena lata 
	Cookeville ESFO
	Timothy Merritt

	Cumberland bean
	Villosa trabalis 
	Kentucky ESFO
	Michael Floyd

	Cumberland darter
	Etheostoma susanae
	Candidate
	Unknown

	Cumberland elktoe
	Alasmidonta atropurpurea
	Cookeville ESFO
	Stephanie Chance

	Cumberland monkeyface 
	Quadrula intermedia 
	Asheville ESFO
	Bob Butler

	Cumberland pigtoe
	Pleurobema gibberum
	Cookeville ESFO
	Geoff Call

	Cumberland rosemary
	Conradina verticillata
	Cookeville ESFO
	Geoff Call

	Cumberland sandwort
	Arenaria cumberlandensis
	Cookeville ESFO
	Geoff Call

	Cumberlandian combshell 
	Epioblasma brevidens 
	Cookeville ESFO
	Stephanie Chance

	Cylindrical lioplax
	Lioplax cyclostomaformis
	Jackson ESFO
	Paul Hartfield

	Dark pigtoe
	Pleurobema furvum
	Jackson ESFO
	Paul Hartfield

	Dromedary pearlymussel 
	Dromus dromas 
	Cookeville ESFO
	Timothy Merritt

	Duskytail darter 
	Etheostoma percnurum 
	Cookeville ESFO
	Geoff Call

	Dwarf wedgemussel
	Alasmidonta heterodon
	New England ESFO
	Susanna  Von Oettingen

	Dwarf-flowered heartleaf
	Hexastylis naniflora
	Asheville ESFO
	Carolyn Wells

	Eastern massasauga rattlesnake
	Sistrurus catenatus catenatus
	Candidate
	Unknown

	Eastern prairie fringed orchid 
	Platanthera leucophaea 
	Chicago ESFO
	Carlita Payne

	Eastern puma (cougar)
	Puma concolor couguar
	Asheville ESFO
	Mark Cantrell

	Etowah darter
	Etheostoma etowahae
	Athens ESFO
	Robin Goodloe

	Fanshell 
	Cyprogenia stegaria 
	Kentucky ESFO
	Michael Floyd

	Fat pocketbook
	Potamilus capax
	Jackson ESFO
	Paul Hartfield

	Fine-rayed pigtoe 
	Fusconaia cuneolus 
	Asheville ESFO
	Bob Butler

	Finelined pocketbook
	Lampsilis altilis
	Jackson ESFO
	Paul Hartfield

	Flat pebblesnail
	Lepyrium showalteri
	Jackson ESFO
	Paul Hartfield

	Flat pigtoe
	Pleurobema marshalli
	Jackson ESFO
	Paul Hartfield

	Flat-spired three-toothed snail
	Tridopsis platysayoides
	West Virginia ESFO
	Mary Parkin

	Flattened musk turtle
	Sternotherus depressus
	Jackson ESFO
	Linda Laclaire

	Fluted Kidneyshell
	Ptychobranchus subtentum
	Cookeville ESFO
	Stephanie Chance

	Fowler's cave beetle
	Pseudanophthalmus fowlerae
	Candidate
	Unknown

	Gentian pinkroot
	Spigelia gentianoides
	Panama City ESFO
	Vivian Negro Ortiz

	Georgia aster
	Symphyotrichum georgianum
	Candidate
	Unknown

	Georgia rockcress
	Arabis georgiana
	Candidate
	Unknown

	Goldline darter
	Percina aurolineata
	Jackson ESFO
	Paul Hartfield

	Gray bat 
	Myotis grisescens 
	Columbia ESFO
	Paul McKenzie

	Green pitcher-plant
	Sarracenia oreophila
	Jackson ESFO
	Cary Norquist

	Green-blossom pearlymussel 
	Epioblasma torulosa gubernaculum 
	Cookeville ESFO
	Geoff Call

	Guthrie's ground-plum
	Astragalus bibullatus
	Cookeville ESFO
	Geoff Call

	Harperella 
	Ptilimnium nodosum 
	West Virginia ESFO
	Mary Parkin

	Heller's blazingstar
	Liatris helleri
	Asheville ESFO
	Carolyn Wells

	Icebox cave beetle
	Pseudanophthalmus frigidus
	Candidate
	Unknown

	Indian Grave Point cave beetle
	Pseudanophthalmus tiresias
	Candidate
	Unknown

	Indiana bat 
	Myotis sodalis 
	Bloomington ESFO
	Lori Pruitt

	Inquirer cave beetle
	Pseudanophthalmus inquisitor
	Candidate
	Unknown

	Interior least tern
	Sternula antillarum athalassos
	Conway ESFO
	Lindsey Lewis

	James spinymussel
	Pleurobema collina
	Virginia ESFO
	Cindy Kane

	Kentucky cave shrimp
	Palaemonias ganteri
	Kentucky ESFO
	Michael Floyd

	Kentucky glade cress
	Leavenworthia exigua laciniata
	Candidate
	Unknown

	Kral's water-plantain
	Sagittaria secundifolia 
	Daphne ESFO
	Dan Everson

	Lacy elimia
	Elimia crenatella
	Jackson ESFO
	Paul Hartfield

	Large-flowered skullcap
	Scutellaria montana
	Cookeville ESFO
	Geoff Call

	Laurel dace
	Phoxinus saylori
	Candidate
	Unknown

	Leafy prairie-clover
	Dalea foliosa
	Cookeville ESFO
	Geoff Call

	Lee County cave isopod 
	Lirceus usdagalun 
	Southwest Virginia ESFO
	Shane Hanlon

	Little amphianthus
	Amphianthus pusillus
	Athens ESFO
	Jimmy Rickard

	Little-wing pearlymussel 
	Pegias fabula 
	Kentucky ESFO
	Michael Floyd

	Lyrate bladderpod
	Lesquerella lyrata 
	Daphne ESFO
	Dan Everson

	Lyrate bladderpod
	Lesquerella lyrata
	Daphne ESFO
	Dan Everson

	Madison cave isopod 
	Antrolana lira 
	Virginia ESFO
	Sumalee Hoskin

	Mitchell’s satyr 
	Neonympha mitchelli mitchelli 
	East Lansing, MI ESFO
	Carrie Tansy

	Mohr's Barbara button
	Marshallia mohrii
	Jackson ESFO
	Cary Norquist

	Moorefield's leather flower
	Clematis morefieldii
	Cookeville ESFO
	Geoff Call

	Mountain golden heather
	Hudsonia montana
	Asheville ESFO
	Carolyn Wells

	Mountain sweet pitcher-plant
	Sarracenia rubra jonesii
	Asheville ESFO
	Carolyn Wells

	Nashville crayfish
	Orconectes shoupi
	Cookeville ESFO
	Geoff Call

	New England cottontail
	Sylvilagus transitionalis
	Candidate
	Unknown

	Nobletts cave beetle
	Pseudanophthalmus paulus
	Candidate
	Unknown

	Noonday snail
	Mesodon clarki nantahhala
	Asheville ESFO
	John Fridell

	Northeastern bulrush 
	Scirpus ancistrochaetus 
	Pennsylvania ESFO
	Carole Copeyon

	Northern riffleshell
	Epioblasma torulosa rangiana
	Pennsylvania ESFO
	Robert Anderson

	Northern wild monkshood
	Aconitum noveborecense
	Green Bay ESFO
	Catherine Carnes

	Orangefoot pimpleback
	Plethobasus cooperianus
	Kentucky ESFO
	Michael Floyd

	Orangenacre mucket
	Lampsilis perovalis
	Jackson ESFO
	Paul Hartfield

	Ovate clubshell
	Pleurobema perovatum
	Jackson ESFO
	Paul Hartfield

	Oyster mussel 
	Epioblasma capsaeformis 
	Cookeville ESFO
	Stephanie Chance

	Painted rocksnail
	Leptoxis taeniata
	Jackson ESFO
	Paul Hartfield

	Painted snake coiled forest snail
	Anguispira picta
	Cookeville ESFO
	Geoff Call

	Pale lilliput
	Toxolasma cylindrellus
	Daphne ESFO
	Jeffrey Powell

	Palezone shiner
	Notropis albizonatus
	Kentucky ESFO
	Michael Floyd

	Persistent trillium
	Trillium persistens
	Georgia ESFO
	Kelly Bibb

	Persistent trillium
	Trillium persistens
	Athens ESFO
	Pete Pattavina

	Peter's Mountain mallow 
	Iliamna corei 
	Virginia ESFO
	Sumalee Hoskin

	Pink mucket 
	Lampsilis abrupta 
	Asheville ESFO
	Bob Butler

	Piping plover
	Charadrius melodus
	Region 5 Office
	Anne Hecht

	Plicate rocksnail
	Leptocis plicata
	Jackson ESFO
	Paul Hartfield

	Price's potato-bean
	Apios priceana
	Cookeville ESFO
	Geoff Call

	Purple bean 
	Villosa perpurpurea 
	Southwest Virginia ESFO
	Shane Hanlon

	Pygmy madtom
	Noturus stanauli
	Cookeville ESFO
	Geoff Call

	Pygmy sculpin
	Cottus paulus
	Jackson ESFO
	Daniel Drennen

	Rabbitsfoot
	Quadrula cylindrica cylindrica
	Southwest Virginia ESFO
	Shane Hanlon

	Rayed Bean
	Villosa fabalis
	Candidate
	Unknown

	Red-cockaded woodpecker 
	Picoides borealis 
	Jackson ESFO
	Will McDearman

	Ring pink
	Obovaria retusa
	Kentucky ESFO
	Michael Floyd

	Roan mountain bluet
	Hedyotis purpurea montana
	Asheville ESFO
	Carolyn Wells

	Roanoke logperch
	Percina rex
	Virginia ESFO
	William Hester

	Rock gnome lichen
	Gymnoderma lineare
	Asheville ESFO
	Carolyn Wells

	Rough hornsnail
	Pleurocera foremani
	Candidate
	Unknown

	Rough pigtoe 
	Pleurobema plenum 
	Kentucky ESFO
	Michael Floyd

	Rough rabbitsfoot 
	Quadrula cylindrica strigillata 
	Southwest Virginia ESFO
	Shane Hanlon

	Round rocksnail
	Leptoxis ampla
	Jackson ESFO
	Paul Hartfield

	Royal marstonia
	Pyrgulopsis ogmorhaphe
	Cookeville ESFO
	Geoff Call

	Running buffalo clover
	Trifolium stoloniferum
	Columbus, Ohio ESFO
	Angela Boyer

	Rush darter
	Etheostoma phytophilum
	Candidate
	Unknown

	Ruth's golden aster
	Pityopsis ruthii
	Cookeville ESFO
	Geoff Call

	Scaleshell
	Leptodea leptodon
	Conway ESFO
	Chris Davidson

	Sesquatchie caddisfly
	Glyphopsyche sequatchie
	Candidate
	Unknown

	Shale barren rock cress 
	Arabis serotina 
	Virginia ESFO
	Sumalee Hoskin

	Sheepnose
	Plethobasus cyphyus
	Candidate
	Unknown

	Shenandoah salamander
	Plethodon shenandoah
	Virginia ESFO
	Cindy Kane

	Shiny pigtoe 
	Fusconaia cor 
	Asheville ESFO
	Bob Butler

	Short's bladderpod
	Lesquerella globosa
	Candidate
	Unknown

	Short's goldenrod
	Solidago shortii
	Kentucky ESFO
	Michael Floyd

	Sicklefin redhorse
	Moxostoma sp
	Candidate
	Unknown

	Slabside Pearlymussel
	Lexingtonia dolabelloides
	Cookeville ESFO
	Stephanie Chance

	Slackwater darter
	Etheostoma boschungi
	Jackson ESFO
	Daniel Drennen

	Slender campeloma
	Campeloma decampi
	Daphne ESFO
	Jeffrey Powell

	Slender chub 
	Erimystax cahni 
	Cookeville ESFO
	Geoff Call

	Small whorled pogonia 
	Isotria medeoloides 
	New England ESFO
	Susanna  Von Oettingen

	Small-anthered bittercress
	Cardamine micranthera
	Asheville ESFO
	Carolyn Wells

	Smoky madtom
	Noturus baileyi
	Cookeville ESFO
	Geoff Call

	Smooth coneflower 
	Echinacea laevigata 
	Raleigh ESFO
	Dale Suiter

	Snail darter
	Percina tanasi
	Cookeville ESFO
	Geoff Call

	Southern acornshell
	Epioblasma othcaloogensis
	Jackson ESFO
	Paul Hartfield

	Southern clubshell
	Pleurobema decisum
	Jackson ESFO
	Paul Hartfield

	Southern combshell
	Epioblasma penita 
	Jackson ESFO
	Paul Hartfield

	Southern pigtoe
	Pleurobema georgianum
	Jackson ESFO
	Paul Hartfield

	Spectaclecase
	Cumberlandia monodonta
	Candidate
	Unknown

	Spotfin chub 
	Erimonax monachus 
	Asheville ESFO
	Bob Butler

	Spreading avens
	Geum radiatum
	Asheville ESFO
	Carolyn Wells

	Spring creek bladderpod
	Lesquerella perforata
	Cookeville ESFO
	Tim Kern

	Spruce fir moss spider
	Microhexura montivaga
	Asheville ESFO
	John Fridell

	Stirrupshell
	Quadrula stapes
	Jackson ESFO
	Paul Hartfield

	Swamp pink 
	Helonias bullata 
	New Jersey ESFO
	Wendy Walsh

	Tan riffleshell 
	Epioblasma florentina walkeri 
	Asheville ESFO
	Bob Butler

	Tatum cave beetle
	Pseudanophthalmus parvus
	Candidate
	Unknown

	Tennessee purple coneflower
	Echinacea tennesseensis
	Cookeville ESFO
	Geoff Call

	Tennessee yellow-eyed grass
	Xyris tennesseensis
	Daphne ESFO
	Dan Everson

	Triangular kidneyshell
	Ptychobranchus greenii
	Jackson ESFO
	Paul Hartfield

	Tubercled blossom
	Epioblasma torulosa torulosa
	Asheville ESFO
	Bob Butler

	Tulotoma snail
	Tulotoma magnifica
	Jackson ESFO
	Paul Hartfield

	Turgid blossom
	Epioblasma turgidula
	Asheville ESFO
	Bob Butler

	Upland combshell
	Epioblasma metastriata
	Jackson ESFO
	Paul Hartfield

	Vermilion darter
	Ethiostoma chermocki
	Jackson ESFO
	Daniel Drennen

	Virginia big-eared bat 
	Corynorhinus townsendii virginianus 
	West Virginia ESFO
	Mary Parkin

	Virginia fringed mountain snail 
	Polygyriscus virginianus 
	Virginia ESFO
	Mike Drummond

	Virginia round-leaf birch 
	Betula uber 
	Virginia ESFO
	Sumalee Hoskin

	Virginia sneezeweed 
	Helenium virginicum 
	Virginia ESFO
	Tylan Dean

	Virginia spiraea 
	Spiraea virginiana 
	Virginia ESFO
	Sumalee Hoskin

	Watercress darter
	Ethiostoma nuchale
	Jackson ESFO
	Daniel Drennen

	White fringeless orchid
	Platanthera integrilabia
	Candidate
	Unknown

	White irisette
	Sisyrinchium dichotomum
	Asheville ESFO
	Carolyn Wells

	White wartyback
	Plethobasus cicatricosus
	Cookeville ESFO
	Geoff Call

	White-haired goldenrod
	Solidago albopilosa
	Kentucky ESFO
	Michael Floyd

	Whooping crane
	Grus americana
	ARANSAS/MATAGORDA ISLAND NWR COMPLX 
	Tom Stehn

	Whorled sunflower
	Helianthus verticillatus
	Candidate
	Unknown

	Winged mapleleaf
	Quadrula fragosa
	Conway ESFO
	Chris Davidson

	Wood stork
	Mycteria americana
	Jacksonville, FL
	Bill Brooks

	Yellow blossom
	Epioblasma florentina florentina
	Asheville ESFO
	Bob Butler

	Yellowfin madtom 
	Noturus flavipinnis 
	Cookeville ESFO
	Geoff Call
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	Cooperative Ecosystem Studies Unit
	Institutional Partners
	Agency Partners

	Chesapeake Watershed
	University of Maryland Center for Env. Science
University of Maryland, College Park
Frostburg State University
University of Maryland, Baltimore County
National Aquarium in Baltimore
Pennsylvania State University
University of the District of Columbia
American Bird Conservancy
James Madison University
Delaware State University
University of Delaware
The Academy of Natural Sciences
	BLM
NPS
USGS
DOD
USFS
NRCS
USACOE

	Great Lakes-Northern Forests
	University of Minnesota
Antioch University New England
Cleveland State University
Cornell University
Fond du Lac Tribal and Community College
Indiana University
Indiana State University
Michigan State University
Michigan Technological University
Minnesota State University-Mankato
Northern Michigan University
Purdue University
Southern University and A&M College
State University of New York-Syracuse
Stephen F. Austin State University
University of Iowa
University of Massachusetts-Amherst
University of Notre Dame
University of Toledo
University of Vermont
University of Wisconsin-Madison
University of Wisconsin-La Crosse
University of Wisconsin-Stevens Point
West Virginia University
	BLM
NASA
NPS
NRCS
USCOE
USFS

	Great Rivers
	University of Missouri
Audubon-Upper Mississippi River Campaign
Audubon of Missouri
Conservation Federation of Missouri
Drake University
	BLM
DOD
NPS
NRCS
UASCOE

	Great Rivers (cont’d)

	Indiana University
Iowa State University
Lincoln University
Missouri Botanical Garden
Missouri State University
National Mississippi River Museum and Aquarium
Southern Illinois University
St. Mary’s University of Minnesota
University of Illinois
University of Iowa
University of Kansas
University of Minnesota
University of Notre Dame
Winona University
	USFWS
USGS
USFS

	Gulf Coast

	Texas A&M AgriLife Research
Auburn University
Louisiana State University
Mississippi State University
Southern University and A&M College
Texas A&M University-Galveston
Texas A&M University-Corpus Christi
Texas A&M University-Kingsville
Texas Chapter-The Nature Conservancy
Troy University
University of Central Florida
University of Florida
University of Georgia
University of Louisiana-Lafayette
University of Texas-Austin
University of New Orleans
	BLM
DOD
NASA
NPS
NRCS
USGS
USFS
USACOE
USFWS
NOAA

	North Atlantic Coast
	University of Rhode Island
Rutgers University
University of Massachusetts-Amherst
Stony Brook University
University of Maryland-Eastern Shore
University of Maine-Orono
City University of New York
College of the Atlantic
State University of New York-Syracuse
	NPS
NRCS
USGS
MCBP
USACOE
USFWS

	Southern Appalachian Mountains
	University of Tennessee
Appalachian State University
Discover Life in America
Florida A&M University
Institute for a Secure and Sustainable Environment
Lincoln Memorial University
Middle Tennessee State University
	BLM
DOD
NPS
NRCS
USACOE
USFWS
USGS

	Southern Appalachian Mountains (cont’d)
	Southern Appalachian Man and the Biosphere
Tennessee Technological University
University of Kentucky
Virginia Polytechnic Institute and State University
Western Carolina University
Western Kentucky University
	USFS

















































[bookmark: _Toc184879378]Appendix IV. List of Acronyms Relevant to the Appalachian LCC

AMJV- Appalachian Mountains Joint Venture
ATC- Appalachian Trail Conservancy
CC- climate change
DNH- Virginia Division of Natural Heritage
EBTJV- Eastern Brook Trout Joint Venture
EDF- Environmental Defense Fund
GIS- Geographic Information Systems
NCSU- North Carolina State University
NGO- Non-governmental organization
NOAA- National Oceanic and Atmospheric Administration
NPS- National Park Service
OSM-ARRI-Office of Surface Mining Appalachian Regional Reforestation Initiative
OSU- Ohio State University
PSU- Penn State University
SAFC- Southern Appalachian Forest Coalition
TNC- The Nature Conservancy
TU- Trout Unlimited
UNH-University of New Hampshire
USFS- U.S. Forest Service
USFS-SRS- U.S. Forest Service Southern Research Station
USFWS- U.S. Fish and Wildlife Service
USGS- U.S. Geological Survey
WVU- West Virginia University
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Why are these rivers important - The Nature Conservancy and many other natural resource agencies identify the Clinch-Powell River system of northeast Tennessee and southwest Virginia as one of the most ecologically important freshwater systems in North America. These rivers support a globally important community of freshwater fishes and mussels, containing the highest concentration of rare and endangered aquatic species in the United States. Due to their ancient and stable geology, these watersheds have been called a “cradle of diversity” for aquatic life in the southern Appalachians. Of the 222 native fish species in the Tennessee River basin, the Clinch and Powell rivers alone are home to 118, including five threatened or endangered species. The mussel diversity is equally impressive with at least 45 extant species. Many of these are globally rare mussels with their strongest and even last populations located here, including 18 endangered species. And in the context of the entire temperate world, the Clinch-Powell system ranks as one of the top two in terms of biological richness. These natural free-flowing rivers are critical to these species survival and to the conservation of the Earth’s biological diversity.
Names and status of the rare and endangered mussels and fishes occurring in the Clinch and Powell Rivers.
	Common Name
	Scientific Name
	Status
	Clinch River
	Powell River

	Spectaclecase
	Cumberlandia monodonta
	Candidate
	X
	X

	Fanshell
	Cyprogenia stegaria 
	Endangered
	X
	

	Dromedary pearlymussel
	Dromus dromas
	Endangered
	X
	X

	Cumberlandian combshell
	Epioblasma brevidens
	Endangered
	X
	X

	Oyster mussel
	Epioblasma capsaeformis
	Endangered
	X
	X

	Tan riffleshell
	Epioblasma florentina walkeri
	Endangered
	X
	

	Snuffbox
	Epioblasma triquetra
	Candidate
	X
	X

	Shiny pigtoe
	Fusconaia cor
	Endangered
	X
	X

	Fine rayed pigtoe
	Fusconaia cuneolus
	Endangered
	X
	X

	Cracking pearlymussel
	Hemistena lata
	Endangered
	X
	

	Birdwing pearlymussel
	Lemiox rimosus
	Endangered
	X
	X

	Slabside pearlymussel
	Lexingtonia dolabelloides
	Candidate
	X
	X

	Littlewing pearlymussel
	Pegias fabula
	Endangered
	X
	

	Fluted kidneyshell
	Ptychobranchus subtentum
	Candidate
	X
	X

	Rough pigtoe
	Pleurobema plenum
	Endangered
	X
	

	Rough rabbitsfoot
	Quadrula cylindrica strigillata
	Endangered
	X
	X

	Cumberland monkeyface
	Quadrula intermedia
	Endangered
	X
	X

	Appalachian monkeyface
	Quadrula sparsa
	Endangered
	X
	X

	Purple bean
	Villosa perpurpurea
	Endangered
	X
	

	Slender chub
	Erimystax cahni
	Threatened
	X
	X

	Duskytail darter
	Etheostoma percnurum 
	Endangered
	X
	

	Pygmy madtom
	Noturus stanauli
	Endangered
	X
	

	Yellowfin madtom
	Noturus flavipinnis 
	Threatened
	X
	X

	Blackside dace
	Phoxinus cumberlandensis
	Threatened
	
	X



Unfortunately, a number of species in the Clinch-Powell are imperiled; and population surveys indicate that mussels are declining precipitously in many portions of the river basin.  Data collected by researchers over the past 30 years reveal patterns of decline among freshwater mussel species in the Powell River and in several significant reaches of the Clinch River system. Of the 60 mussel species once documented, at least 11 are now considered extinct or extirpated (gone from these rivers), 29 are considered imperiled (in jeopardy of extinction), and 18 are federally listed as endangered.
A landscape conservation cooperative in action - LCCs provide a forum to foster continuous exchange, feedback, and understanding among resource managers, scientists, and stakeholders to inform conservation actions related to climate change, habitat fragmentation, and other landscape-level stressors and resource issues.  The Clinch-Powell Clean Rivers Initiative (CPCRI) is a group of interested stakeholders focused on improving the water quality and ecological health of the Clinch and Powell rivers. It was launched in 2008 with a mission to restore and maintain stable populations of native aquatic species along with a broader range of representative aquatic fauna. The initiative unites a broad array of groups and agencies working in both Tennessee and Virginia. Working as partners with shared goals and commitments, these agencies, non-profit organizations, scientists, and business groups have an unprecedented opportunity to conserve these rivers. The following organizations have played an active role to date: 
· Tennessee Dept. of Environment and Conservation 
· Virginia Dept. of Environmental Quality 
· Virginia Dept. of Game and Inland Fisheries 
· Tennessee Wildlife Resources Agency 
· Virginia Dept. of Conservation and Recreation 
· Virginia Dept. of Mines, Minerals, and Energy 
· US Environmental Protection Agency Regions 3 & 4 
· US Office of Surface Mining Reclamation and Enforcement 
· US Fish and Wildlife Service 
· US Geological Survey 
· US Army Corps of Engineers 
· Tennessee Valley Authority 
· Alpha Natural Resources 
· Arch Coal 
· The Nature Conservancy 
· Upper Tennessee River Roundtable 
· Virginia Tech 
· North Carolina State University 
The CPCRI capitalizes on a broad range of expertise, experience, and responsibilities, including expertise of biologists, hydrogeologists, water quality specialists, stream restoration practitioners, land conservation specialists, education and outreach professionals, regulators, coal mining reclamation professionals, and coal mining process professionals. Members include representatives from state and federal agencies, private business interests, academia, and non-profit conservation organizations.
How CPCRI works - The initiative has a balanced organizational structure and uses a collaborative decision-making process guided by a Steering Committee which has broad oversight over four working groups:
· Regulatory Team: Addresses regulatory issues across state borders 
· Monitoring and Information Management Team: Shares data among agencies 
· Science Team: Coordinates and Conducts studies to address critical knowledge gaps 
· Outreach Team: Maintains Web site and organizes symposia 
The CPCRI is set-up to draw on the collective resources, combined skills, expertise, experience and perspectives of our diverse partners to find the best solutions to challenging natural resource issues. Projects involve true cooperation among our many different partners and membership is open to any organization that wants to advance our mission. CPCRI’s philosophy holds that sharing information and building consensus are essential. Our partnership strives to establish a common, science-based understanding of key conservation issues.
What CPCRI does - The CPCRI protects and restores water quality in our nation’s most important river system for imperiled freshwater animals by: 
· conducting cutting-edge science and river monitoring; 
· using science and monitoring results to help people, communities, governments, and industries take better care of the river; 
· fostering increased coordination among state and federal agencies responsible for protecting water quality in Virginia and Tennessee; 
· implementing on-the-ground river conservation and restoration projects;
· raising awareness of the Clinch Powell River system as a national model for collaborative and effective environmental management.
Cutting edge science -- Importantly, the initiative seeks to implement science-based strategies to solve problems. In coordination with the United States Geological Survey, the CPRI has finalized a multi-disciplinary Science Plan. Initiated by the USGS Eastern Region Initiative on the Clinch (ERIC) program in 2009, the Science Plan will be fully implemented by a wide range of CPCRI partners in 2011-2013. The plan guides the collection and analysis of new environmental information across freshwater mussel habitats. This information will establish unbiased and improved explanations for the precipitous decline of globally rare and endangered freshwater mussels in the Clinch-Powell system. Results from this collaborative scientific effort will inform water quality protection, improvement, and future environmental remediation efforts. 
Sharing results -- Members and affiliates organize symposia to address key land use and watershed questions to serve as information-sharing platforms. Thus, all stakeholders have access to information needed to make sound decisions. The CPCRI held its first symposium in September 2007 to provide a forum for presentations and discussion on the interaction of coal mining and aquatic environments.  The CPCRI held its second symposium in May 2010 and addressed how the “built environment” (towns, roads, etc.) affects water quality and aquatic systems.   Additional symposiums will address other critical land use and watershed management issues.  CPCRI also maintains a website as an important outreach tool.  
Improving bi-State, bi-region agency coordination – CPCRI fosters collaboration and dialogue among regulatory agencies encouraging open information sharing and planning among state and federal agencies with Clean Water Act, Surface Mining Control and Reclamation Act, and Endangered Species Act responsibilities. The Regulatory Team is focused on this effort which has thus far included joint biological monitoring, information exchange on mining regulatory programs, accelerated development of Total Maximum Daily Load (TMDL) plans, and coordination on a straight pipe discharge study. 
On the ground river conservation and restoration – CPCRI partners combine resources strategically to improve watershed conditions through a variety of projects including abandoned mined land restoration, agricultural best management practices, improved stormwater management, land acquisition, targeted mitigation and stream restoration, and augmentation of freshwater mussel populations.  In September 2010 CPCRI partners engaged school children and community members in the single largest release of an endangered species (Oyster mussel) in the eastern United States at the Nature Conservancy’s Clinch River- Cleveland Island Preserve.   
The initial success of CPCRI has been due to the commitment, leadership, and improved communication of the many partners involved. Achieving future success and greater collective impact will require even more effective planning, coordination, and management of strategic relationships among the growing number of partners involved in the effort. With continued coordination and a focus on results, the CPCRI has the opportunity to gain national recognition as a model for collaborative watershed management.  
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