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INTRODUCTION

     Spatial frameworks are necessary to structure the research, assessment, monitoring, and ultimately the management of environmental resources. Ecological region (or ecoregion) frameworks are designed to meet these needs and have been developed in the United States (Bailey 1976, 1983, 1995; Bailey et al., 1994; Omernik 1987, 1995), Canada (Wiken 1986; Ecological Stratification Working Group 1995), New Zealand (Biggs et al., 1990), Australia (Thackway and Cresswell 1995), the Netherlands (Klijn 1994), Finland (Heino et al., 2002), and other countries. We define ecoregions as areas of relative homogeneity in ecological systems and their components. They portray areas within which there is similarity in the mosaic of all biotic and abiotic components of both terrestrial and aquatic ecosystems. Factors associated with spatial differences in the quality and quantity of ecosystem components, including soils, vegetation, climate, geology, and physiography, are relatively homogeneous within an ecoregion. These regions separate different patterns in human stresses on the environment and different patterns in the existing and attainable quality of environmental resources. Ecoregion classifications are effective for inventorying and assessing national and regional environmental resources, for setting regional resource management goals, and for developing biological criteria and water quality standards (Gallant et al., 1989; Hughes et al., 1990, 1994; Hughes 1989; Environment Canada 1989; U.S. Environmental Protection Agency, Science Advisory Board 1991; Warry and Hanau 1993).

     The development of ecoregion frameworks in North America has evolved considerably in recent years (Bailey et al., 1985; Omernik and Gallant 1990; Omernik 1995). The U.S. Environmental Protection Agency's (EPA) first compilation of ecoregions of the conterminous United States was performed at a relatively cursory scale, 1:3,168,000, and was published at a smaller scale, 1:7,500,000 (Omernik 1987). The approach recognized that the combination and relative importance of characteristics that explain ecosystem regionality vary from one place to another and from one hierarchical level to another. This is similar to the approach used by Environment Canada (Wiken 1986). In describing ecoregionalization in Canada, Wiken (1986) stated:

"Ecological land classification is a process of delineating and classifying ecologically distinctive areas of the earth's surface. Each area can be viewed as a discrete system which has resulted from the mesh and interplay of the geologic, landform, soil, vegetative, climatic, wildlife, water and human factors which may be present. The dominance of any one or a number of these factors varies with the given ecological land unit. This holistic approach to land classification can be applied incrementally on a scale-related basis from very site specific ecosystems to very broad ecosystems."

     The EPA's ecoregion framework has been revised and made hierarchical. It has been expanded to include Alaska (Gallant et al., 1995), as well as tie into a North American ecological region framework (Commission for Environmental Cooperation 1997). A Roman numeral classification scheme has been adopted for the hierarchical levels of ecoregions. This numbering is used, in part, to avoid confusion over different usage of terms such as ecozones, ecodistricts, ecoprovinces, subregions, etc. Level I is the coarsest level, dividing North America into 15 ecological regions. At level II, the continent is subdivided into 52 ecoregions, and at level III the continental United States contains 104 ecoregions (U.S. EPA 2002).

      The goal of the U.S. EPA ecoregion work that began nearly 20 years ago was to develop a spatial framework for states to structure their regulatory programs more effectively, in tune with the regional potentials and resiliences of the land (Omernik 1987). It was suspected and subsequently learned that the quantity and quality of water tended to be similar within these ecological regions. The level III ecoregions defined initially by Omernik (1987) were shown to be useful for stratifying streams in Arkansas (Rohm et al., 1987), Ohio (Larsen et al., 1988), and Oregon (Hughes et al., 1987; Whittier et al., 1988), as well as in several other states (Hughes et al., 1994, Davis et al., 1996, Feminella 2000). They were used to identify lake management goals in Minnesota (Heiskary et al., 1987; Heiskary and Wilson 1989), and to develop biological criteria in Ohio (Yoder and Rankin 1995). 

     Many state agencies, however, have found that the resolution of the level III ecoregions does not provide enough detail to meet their needs. This has led to several collaborative projects, with states, EPA regional offices, and the EPA's National Health and Environmental Effects Research Laboratory in Corvallis, OR, to refine level III ecoregions and define level IV ecoregions at a larger (1:250,000) scale. These level IV ecoregion projects have been completed or are in process in Alabama, Florida, Georgia, Idaho, Indiana, Iowa, Kansas, Kentucky, Maryland, Massachusetts, Mississippi, Missouri, Montana, Nebraska, Nevada, North Dakota, Oregon, Ohio, Pennsylvania, South Carolina, South Dakota, Tennessee, Texas, Utah, Virginia, Washington, West Virginia, Wisconsin, and Wyoming, and are largely in response to requests from EPA regional offices or state water resource management agencies. Many of these state projects are also associated with interagency efforts to develop a common framework of ecological regions (McMahon et al., 2001).

     Water quality legislation and regulations, with a mandate to "restore and maintain the chemical, physical, and biological integrity of the Nation's waters," depend on some model of attainable conditions, that is, on some measurable objectives towards which cleanup efforts are striving (Hughes et al., 1986). States are adopting biological criteria for surface waters to improve water quality standards. Biological criteria are defined as numeric values or narrative expressions that describe the reference biological integrity of aquatic communities inhabiting waters of a given designated aquatic life use (U.S. EPA 1990). Biological integrity has been defined as, " the ability of an aquatic ecosystem to support and maintain a balanced, integrated, adaptive community of organisms having a species composition, diversity, and functional organization comparable to that of the natural habitats of a region," (Karr and Dudley 1981). Regional reference sites within an ecoregion can give managers and scientists a better understanding of attainable water body conditions. The biota and physical and chemical habitats characteristic of these regional reference sites serve as benchmarks for comparison to more disturbed streams, lakes, and wetlands in the same region (Hughes et al., 1986; Hughes 1995). Along with other information, these sites help indicate the range of conditions that could reasonably be expected in an ecoregion, given natural limits and present or possible land use practices.

     The Biological Assessment Unit of North Carolina's Division of Water Quality has a long history of examining regional influences on water quality (Lenat 1993, Carson 1989). To facilitate ecological assessments and the continued development of biological criteria for streams and rivers in North Carolina, the North Carolina Department of Environment and Natural Resources (NCDENR), U.S. EPA Region IV, U.S. EPA-Corvallis, USDA-NRCS Watershed Science Institute, and other agencies collaborated to define level III and level IV ecoregions. This type of framework can be useful for assessing nonpoint source pollution problems, determining the effectivenes of best management practices, identifying high quality or outstanding resource waters, establishing ecoregion-specific chemical and biological water quality standards, for putting basin or statewide 305(b) water quality reports in an ecological context, and for managing areas to preserve biological diversity. In this paper, we discuss the method and materials used to refine level III ecoregions and define level IV ecoregions in North Carolina, and provide descriptions of the significant characteristics in these regions. 

METHODS

     Our regionalization process includes compiling and reviewing relevant materials, maps, and data; outlining the regional characteristics; drafting the ecoregion boundaries; creating digital coverages and cartographic products; and revising as needed after review by national, state, and local experts. In the regionalization process, we use primarily a qualitative, weight-of-evidence analysis of relevant data and information. Expert judgement is applied throughout the selection, analysis, and classification of data to form the regions, basing judgments on the quantity and quality of source data and on interpretation of the relationships between the data and other environmental factors. The analysis accounts for differences in map accuracy, scale, and generalization, as well as for differences in the relative importance of any one factor as it relates to ecological classification at any particular location. More detailed descriptions on the U.S. EPA's methods, materials, rationale, and philosophy for regionalization can be found in Omernik (1987, 1995), Omernik et al., (2000), Gallant et al., (1989), and Omernik and Gallant (1990). The regionalization process used for North Carolina was similar to that of other state-level EPA ecoregion projects (e.g., Griffith et al., 2002, 2001, 1997, 1994a,b,c; Omernik et al., 2000; Woods et al., 1996, 1998).

     Maps of environmental characteristics and other documents were collected from the state of North Carolina, U.S. EPA-Corvallis, USGS, and from other sources. The most important of these are listed in the References section. The most useful map types for our ecoregion delineation generally include physiography or land surface form, geology, soils, climate, vegetation, and land cover/land use. There are several different small-scale physiographic maps of North Carolina that can be found in a variety of publications. Statewide physiographic and land surface-form descriptions and maps were gathered primarily from Stuckey (1965). Wilson et al., (1980), Orr and Stuart (2000), Lonsdale (1967), Harrington (1982), NCCGIA (1997) among others; from surrounding states, e.g., Myers et al., (1986), Kovacik and Winberry (1987), Murphy (1995); and from regional or national scale information such as Hack (1982), Bayer (1983), Hammond (1970) and Fenneman (1938). Topography and land-form features were also discerned from 1:250,000 and 1:100,000 scale topographic maps. Geologic information was gathered from maps such as the 1:500,000-scale state map North Carolina Geological Survey (1985) and other regional maps (Owens 1989); from surrounding state maps in South Carolina (Maybin and Nystrom 1995, SCDNR 1997) Tennessee (Hardeman et al., 1966), and Virginia (Virginia Division of Mineral Resources 1993); from the 1:1,000,000-scale Quaternary geology series (Cleaves et al., 1987, Colquhoun et al., 1987, Howard et al., 1991, Johnson and Peebles 1986); from state, regional, or local geology descriptions (e.g., Horton and Zullo 1991, Stuckey 1965, Murphy 1995, Hack 1982, Snoke 1978, Horton et al., 1981, Wilson et al., 1980, Orr and Stuart 2000); and from national scale maps such as Hunt (1979), Bayer (1983), and King and Biekman (1974).

     Soils information was obtained from the U.S. Department of Agriculture's (USDA) county soil surveys, the 1:250,000-scale STATSGO soil data base, and state and regional publications (e.g., Daniels et al., 1984, 1999; USDA-SCS 1981). Because soil taxonomy and interpretations are dynamic, and current soil series names may be different from those in earlier publications, soil information and ecological aggregations of STATSGO or other soil data were also obtained from state soil experts (Roy Vick, Jr., Chip Smith, USDA Natural Resources Conservation Service, personal communications). 

     Climate information and summaries were based primarily on 1961-1990 data from the Southeast Regional Climate Center, from precipitation and temperature information based on the PRISM model (Daly et al., 1997; www.ocs.orst.edu/prism/prism_new.html), from state summaries (Soule 1996), and from older data such as Hardy (1974) and climate information in the county soil surveys. 

     Statewide vegetation and forest cover maps for North Carolina are difficult to find. The most common forest type map is general and small in scale, and comes in several variations from different publications, but appears to be based mostly on a 1955 USDA Forest Service small-scale map. This 1955 map is still being distributed to the public by the NCDENR Division of Forest Resources. The variations of this map can be found in Orr and Stuart (2000), Clay et al., (1975), Lemert and Harrelson (1954), as well as an older 1940 version in Cruikshank (1943). Vegetation and forest type information were also obtained from Braun (1950), Kuchler (1964), the forest atlas of the South (USDA, Forest Service 1969), the national atlas (Kuchler 1970; U.S. Forest Service 1970), USDA Forest Service (1997), from natural community publications (Schafale and Weakley 1990, Flerning et al., 2001), from numerous journal manuscripts listed in the references, or from NCDENR Natural Heritage Program personnel (Mike Schafale, personal communication). 

     For land use/land cover we used primarily the National Land Cover Data set (NLCD), part of the Multi-Resolution Land Characterization (MRLC) consortium activities. This data is based on early to mid-1990's Landsat Thematic Mapper satellite data of 30 meter resolution (Vogelmann et al., 2001). We also used the 1:250,000 scale land use/land cover maps from the U.S. Geological Survey (USGS 1986), and the general land use classification of Anderson (1970). Also, for assessing variations in the mix of agriculture activities as an expression of land potential, many maps from the 1987, 1992 and 1997 Census of Agriculture were analyzed (U.S. Department of Commerce 1990, 1995; U.S. Department of Agriculture NASS 1999), as well as state and county agricultural statistics from the NC Department of Agriculture. In addition, a map produced from composited multi-temporal Advanced Very High Resolution Radiometer (AVHRR) satellite data was also used to assess boundaries and regional differences. This AVHRR NDVI (Normalized Difference Vegetation Index) data is also used by the USGS EROS Data Center to characterize land cover of the conterminous United States (Loveland et al., 1991, 1995).

     In addition to the component information such as listed above, other existing ecological, biological, or physical frameworks were examined. These include the several ecoregion frameworks developed by NCDENR aquatic biologists such as Penrose, Eaton, Lenat and others (Dave Lenat, NCDENR, personal communication), the North Carolina ecoregions of Carson (1989), draft ecological planning regions of the Natural Heritage Program (Mike Schafale, NCDENR, personal communication), the South Carolina forest habitat regions (Myers et al., 1977), the USFS sections and subsections (Keys et al., 1995), Major Land Resource Areas (USDA 1981), and the natural land-use regions of Barnes and Marschner (1933), among others. Also of major importance were the mental maps that local experts brought to discussion meetings, reviews, or field reconnaissance trips.

     We used USGS 1:250,000-scale topographic maps as the base for delineating the ecoregion boundaries. Although this map series is dated, it does provide quality in terms of the relative consistency and comparability of the series, in the accuracy of the topographic information portrayed, and in the locational control. It is also a very convenient scale. Seventeen of these maps give complete coverage of North Carolina.

RESULTS AND REGIONAL DESCRIPTIONS

     We have divided North Carolina into four level III ecoregions (Figure 1, p. 52) and 27 level IV ecoregions (Figure 2, p. 53). Although these level IV ecoregions still contain some heterogeneity in factors that can affect water quality and biotic characteristics, they provide a more detailed framework and more precise ecoregion boundaries than the earlier national-scale ecoregions (Omernik 1987). The ecoregion framework also provides more homogeneous units for inventorying, monitoring, and assessing surface waters than the commonly used hydrologic unit frameworks or political unit frameworks (Omernik and Bailey 1997, Omernik and Griffith 1991, Griffith et al., 1999). Major river basins drain strikingly different ecological regions. A map of the ecoregions of North Carolina and South Carolina has been published by USGS (Griffith et al., 2002b).

     Ecoregion boundaries are often portrayed by a single line, but in reality they are transition zones of varying widths. In some areas the change is distinct and abrupt, in other areas, the boundary is fuzzy and more difficult to determine. fuzzy boundaries are areas of uncertainty or where there may be a heterogeneous mosaic of characteristics from each of the adjacent areas.

45. Piedmont

     Considered the nonmountainous portion of the old Appalachians Highland by physiographers, the northeast-southwest trending Piedmont ecoregion comprises a transitional area between the mostly mountainous ecological regions of the Appalachians to the northwest and the relatively flat coastal plain to the southeast. It is an erosional terrain of moderately dissected irregular plains with some hills, with a complex mosaic of Precambrian and Paleozoic metamorphic and igneous rocks. Most rocks of the Piedmont are covered by a thick mantle of saprolite, except along some major stream valley bluffs and on a few scattered granitic domes and flatrocks. Rare plants and animals are often found on the rock outcrops. Stream drainage in the Piedmont tends to be perpendicular to the structural trend of the rocks across which they flow. This lack of structural control is likely due to the drainage being superimposed from a Coastal Plain cover (Staheli 1976; Hack 1982).

     The soils are generally finer-textured than those found in coastal plain regions with less sand and more clay (Markewich et al. 1990). Several major land cover transformations have occurred in the Piedmont over the past 200 years, from forest to farm, back to forest, and now in many areas, spreading urban- and suburbanization. The historic oak-hickory-pine forest was dominated by white oak (Quercus alba), southern red oak (Q. falcata), post oak (Q. stellata), and hickory (Carya spp.), with some shortleaf pine (Pinus echinata) and loblolly pine (P. taeda). Once largely cultivated with crops such as cotton, corn, tobacco and wheat, most of the Piedmont soils were moderately to severely eroded (Trimble 1974). Much of this region is now in planted pine or has reverted to successional pine and hardwood woodlands, with some pasture in the landcover mosaic. We have divided the Piedmont of North Carolina into seven level IV ecoregions: Southern Inner Piedmont (45a), Southern Outer Piedmont (45b), Carolina Slate Belt (45c), Northern Inner Piedmont (45e), Northern Outer Piedmont (45f), Triassic Basins (45g) and Kings Mountain (45i).

45a. Southern Inner Piedmont

     The Southern Inner Piedmont extends from Alabama, across northern Georgia and South Carolina, and just into a small portion of the North Carolina Piedmont, primarily in Polk and Rutherford counties. The region is generally higher in elevation with more relief than 45b. As a transitional region from the Blue Ridge (66) to the Piedmont, it contains some mountain outliers, and it receives more rainfall than 45b and 45c. The general roughness of the landscape decreases to the southeast away from the mountains. The rolling to hilly well-dissected upland contains mostly gneiss and schist bedrock that is covered with clayey and micaceous saprolite. It is warmer than the Northern Inner Piedmont (45e) to the north that extends into Virginia, and it contains thermic soils rather than 45e's mesic soils. The region is now mostly forested, with major forest types of oak-pine and oak-hickory. Open areas are mostly in pasture, although there are some small areas of cropland. The boundary with 66d and 66l is relatively distinct, based primarily on topography and soils, while the boundary with 45b to the southeast is more transitional and fuzzy.

45b. Southern Outer Piedmont

     The Southern Outer Piedmont extends from Alabama, across large portions of the Georgia and South Carolina Piedmont, and into northern North Carolina. It covers the middle portion of the North Carolina Piedmont in the south, narrowing to the north, northeast of Greensboro, between 45c and 45e. The ecoregion has lower elevations, less relief, and less precipitation than 45a and 45e, and tends to have more cropland than those Inner Piedmont regions. The landform class is mostly irregular plains rather than the plains with high hills of 45a and 45e (Hammond 1970). Gneiss, schist, and granite are typical rock types, and the rocks are more intensely deformed and metamorphosed than the geologic materials in 45c, 45g, and 45i. 

     The rocks are covered with deep saprolite and mostly red, clayey subsoils. Kanhapludults are common soils, such as the Cecil, Appling, and Madison series. The eastern portion of the region is complex, with a mixture of felsic crystalline and more mafic rocks contributing to complex soil patterns. Many gradations of soils occur from the felsic rocks to the mafic rocks. As Daniels et al., (1999, p.58) express it, "It must be emphasized that most rock types have gradational boundaries and the boundary between soils related to each rock type is even more diffuse." Soil variation even within a detailed soil survey map unit is larger than normal for the Piedmont. 

     Some areas within this region have more alkaline soils, such as the Iredell series, formed over diabase, diorite, or gabbro, and may be associated with areas once known as blackjack oak prairies. A few researchers in both South and North Carolina suggested that these basic rock/soil areas were distinctive and should be mapped as a separate region, but there was little evidence of their extent or exact location, and the areas appeared to be mostly small and scattered. The mafic rock types that were suggested, such as gabbro, diabase, and diorite did not always coincide with the suggested soil series of Iredell, Enon, Armenia, and Picture. In addition, there was not strong or well-mapped vegetation evidence or mutiple sources of evidence to show a distinctive region. As Shafale and Weakley (1990, p.76) noted for the basic oak-hickory forests of the Piedmont, sites mapped as having the soil series with higher soil pH sometimes give no vegetational indication of having basic soils.

     For the ecoregion as a whole, pine (shortleaf, Virginia, and loblolly) dominates on old field sites and pine plantations, while mixed oak forest is found in less heavily altered areas. Land cover also includes some pasture and cropland, as well as spreading urban areas, especially around Charlotte, Winston-Salem, and Greensboro.

     The northern or northwestern boundary with 45e is transitional or fuzzy, based in part on the mesic/thermic soil temperature line established by NRCS and others (Daniels et al., 1999), climatic patterns and characteristics, general physiographic differences, apparent differences indicated by major forest type maps, and differences in aquatic macroinvertebrate distributions. (See the discussion on this boundary in 45e). The eastern boundary of the ecoregion is somewhat sharper, occurring where the region meets the slate belt rocks and soils of 45c.

45c. Carolina Slate Belt

     This region extends from southern Virginia, across the Carolinas, and into a small part of eastern Georgia. The mineral-rich metavolcanic and metasedimentary rocks with slatey cleavage tend to be finer-grained and less metamorphosed than other parts of the Piedmont (except for the Triassic Basins, 45g) and are somewhat less resistant to erosion. They therefore form areas of slightly lower elevations with wider valleys. In North Carolina, however, some parts of the region are more rugged and hilly, such as the Uwharrie Mountains, and other areas have hills and linear ridges. Trellised drainage patterns also occur in parts of the region. The volcanic-sedimentary rock formations include volcanic slates, basic and acid tuffs, breccias and flows that are interbedded. The volcanic rocks are intruded in some areas by granites. The Carolina Slate Belt has been an important region of mineral production and is thought to have potential for containing undiscovered deposits of gold and silver, as well as of copper, lead, zinc, molybdenum, and tin. The volcanic slates are deeply weathered in places forming clay and shale, and soils generally have high silt contents. Georgeville and Herndon soils (fine, kaolinitic, thermic Typic Hapludults) are common. The more silty and silty clay soils of the the Carolina Slate Belt contrast with the loam and sandy loam soils often found in 45a, 45e, 45b, 45g, and 45f. Streams tend to dry up and water yields to wells are low as this region contains some of the lowest water-yielding rock units in North Carolina (Giese and Mason 1991).

     Similar Slate Belt regions have been defined on other regional frameworks, such as for natural land use areas (Barnes and Marschner 1933), soil system regions (Daniels et al., 1984, 1999), USFS subsections (Keys et al., 1995), and in South Carolina as a forest habitat region (Myers et al., 1986).

45e. Northern Inner Piedmont

     Similar to 45a, the rolling to hilly Northern Inner Piedmont has higher elevations, more rugged topography, and more monadnocks or mountain outliers than other areas of the Piedmont. It has colder temperatures, more snowfall, and a shorter growing season than in 45a, b, c, and f, and it has mostly mesic soils rather than the thermic soils that cover other regions of the North Carolina Piedmont. The region contains more Virginia pine (Pinus virginiana) and less shortleaf pine (P. echinata) than 45b and 45c, more chestnut oak (Quercus montana), and many mountain disjunct plant species. Streams tend to have higher gradients than in the Outer Piedmont regions, and contain many mountain-type macroinvertebrate species.

     The eastern boundary of the ecoregion with 45b is transitional or fuzzy, based in part on the mesic/thermic soil temperature line established by NRCS and others (Daniels et al., 1999), the climatic patterns and characteristics mentioned above, the general physiographic differences, the differences indicated by major forest type maps, and differences in aquatic macroinvertebrate distributions such as "extended mountain" stream macroinvertebrate species and higher EPT taxa richness scores. There was some disagreement among the collaborating researchers on where this boundary should be placed. One aquatic biologist thought that it extended too far to the east and south in the northern two tiers of counties. Some soil scientists suggested that the boundary should be moved slightly further to the southeast to follow exactly the designated mesic/thermic soil temperature line, but others argued that the soil temperature line was also a problematic, less-than-sharp boundary. The western boundary of the ecoregion is somewhat sharper, occurring where the region meets the higher relief of the Blue Ridge Front or foothill areas and mountain soils types of Ecoregion 66. However, the occurrence of higher relief areas of the inner-most Piedmont near the Blue Ridge boundary suggest some transitional width occurs in some sections as well.

45f. Northern Outer Piedmont

     The Northern Outer Piedmont is composed of mostly gneiss and schist rock intruded by granitic plutons, and veneered with saprolite. It is lithologically distinct from the adjacent Piedmont regions 45c and 45g, as well as from the younger unconsolidated sediments of 65m. Rocks and soils are similar to 45b, but 45f is cooler with a shorter growing season. The region contains more loblolly pine (Pinus taeda) compared to the Virginia pine (P. virginiana) and shortleaf pine (P. echinata) found in the Piedmont to the west, but it also contains local concentrations of mountain disjunct plant species. The region extends into Virginia and becomes contiguous with the Northern Inner Piedmont, but relief and elevation are less than in 45e, and it contains thermic soils rather than 45e's mesic soils.

     At the eastern boundary, the Fall Line is a broad transition zone where Piedmont rocks occur on the same landscape with Coastal Plain sediments. This Fall Zone contains a variety of aquatic habitats, and some cascades and waterfalls deter the upstream movement of fish, especially during low water. Some areas near this boundary have metavolcanic and metasedimentary rocks similar to 45c. Although we recognized the occurrence of Slate Belt rocks and soils in the eastern portion of the region, the consensus of opinion in the mapping meetings for this project was to not delineate this as a disjunct piece of the Carolina Slate Belt, considering its relatively small size and the heterogeneous nature of the rocks and soils throughout the entire Northern Outer Piedmont ecoregion. 

45g. Triassic Basins

     This region extends from Virginia, across North Carolina, and just slightly into South Carolina. The Triassic Basins of North Carolina occur in four narrow bands and have unusual Piedmont geology of unmetamorphosed shales, sandstones, mudstones, siltstones, and conglomerates. Local relief and elevations are often less than in surrounding regions (45c, 45e, and 45f), and, with rocks that are easier to erode, stream valleys that cross the region tend to widen. Soils are often clayey with low permeability, and streams have low base flows. The clay has a high shrink-swell potential that can hinder construction; it is also utilized by many brick makers in the region. A mosaic of mixed and deciduous forest, pasture, cropland, and urban land cover occurs here. In the wider floodplains, large bottomland hardwood forests once occurred, before they were covered by the water of reservoirs such as Jordan Lake, Falls Lake, and Harris Reservoir. The boundaries of the ecoregion are based on the close coincidence of breaks in geology and soils relative to adjacent regions.

45i. Kings Mountain

     The Kings Mountain ecoregion is a hilly, somewhat rugged area with some northeast to southwest trending ridges and distinctive metasedimentary and metavolcanic rocks. Aluminum-rich quartz-sericite schist is common. The metamorphic grade is generally lower than adjacent geologic belts and the rocks contain an unusual variety of mineral deposits. Mining strongly influenced the early development of the region, including an iron industry in the late 1700's to late 1800's, and later production of marble, lime, gold, lead, silver, pyrite, lithium, mica, feldspar, silica, and clay. Soils derived from the fine-textured rocks are often a very fine sandy to silty texture, somewhat similar to Carolina Slate Belt (45c) soils. The region is covered with mixed oak and oak-hickory-pine forest. Some small but prominent natural Virginia pine-dominated woodlands occur on the high ridges. About two-thirds of the ecoregion occurs across the border in South Carolina, and it was delineated in that state as a forest habitat region by Myers et al., (1986). While relief and topography help define the region, soils and geology were the more important factors in determining the ecoregion boundary placement.

63. Middle Atlantic Coastal Plain

     Ecoregion 63 is found primarily in the Carolinas and other states to the north, and has a broad transitional boundary with ecoregion 75 to the south. It consists of low elevation, flat plains, with many swamps, marshes, and estuaries. Forest cover in the region, once dominated by longleaf pine (Pinus palustris) in the Carolinas, is now mostly loblolly (P. taeda) and some shortleaf pine (P. echinata), with patches of oak (Quercus spp.), gum (Nyssa spp.), and cypress (Taxodium spp.) near major streams, as compared to the mainly longleaf-slash pine forests of the warmer Southern Coastal Plain (75). Its low terraces, marshes, dunes, barrier islands, and beaches are underlain by unconsolidated sediments. Poorly drained soils are common, and the region has a mix of coarse and finer textured soils compared to the mostly coarse soils in the majority of ecoregion 75. Ecoregion 63 is typically lower, flatter, less dissected, more poorly drained, and more marshy than ecoregion 65 to the west. Pine plantations for pulpwood and lumber are typical, with some areas of cropland. 

     We have divided the Middle Atlantic Coastal Plain of North Carolina into seven level IV ecoregions:  Chesapeake-Pamlico Lowlands and Tidal Marshes (63b), Nonriverine Swamps and Peatlands (63c), Virginian Barrier Islands and Coastal Marshes (63d), Mid-Atlantic Flatwoods (63e), Carolinian Barrier Islands and Coastal Marshes (63g), Carolina Flatwoods (63h), and Mid-Atlantic Floodplains and Low Terraces (63n).

63b. Chesapeake-Pamlico Lowlands and Tidal Marshes

     The Chesapeake-Pamlico Lowlands and Tidal Marshes occur on the lowest marine terrace with elevations ranging from sea level to about 25 feet. The western boundary of 63b generally occurs at the Suffolk Scarp. The region is characterized by nearly level plains with some broad shallow valleys, seasonally wet soils (Aquults), brackish and freshwater streams, and broad estuaries affected by wind tides. The region extends north into Maryland and surrounds most of the Chesapeake Bay. It is flatter and lower in elevation than 63e, with a slightly longer growing season than 63e and 65m. Some major areas of cropland are found in the region, growing corn, wheat, soybeans, and potatoes. The region once had large areas of nonriverine wet hardwood forests, now one of the most endangered natural community types in North Carolina (Schafale 1999). 

     Lake Mattamuskeet, the largest natural lake in North Carolina at about 18 miles long and 6 miles wide, is located in this region. The lake is generally shallow but provides valuable wintering areas for geese, swans, ducks, and other birds. Large-scale drainage operations to convert the lake bottom to farmland began around 1914, but the idea was abandoned as impractical and expensive.

63c. Nonriverine Swamps and Peatlands

     Nonriverine Swamps and Peatlands are flat, poorly drained areas containing organic soils of peat and muck. The dark reddish-brown to black soils, acidic and nutrient-poor, often contain logs, stumps, and other woody matter from bald cypress (Taxodium disticum) and Atlantic white cedar (Chamaecyparis thyoides) trees. Pocosin lakes occur in some areas. The vegetation of the high and low pocosins contains a dense shrub layer, along with stunted pond pine (Pinus serotina), swamp red bay (Persea palustris), and sweet bay (Magnolia virginiana). Swamp forests are dominated by swamp tupelo (Nyssa biflora), bald cypress (Taxodium disticum), and Atlantic white cedar (Chamaecyparis thyoides). Fire during drought periods, logging, and construction of drainage ditches have affected natural vegetation patterns. Several areas of mineral and shallow organic soils have been drained and cultivated for crops of corn, soybeans, and wheat. The region extends just into southern Virginia to cover the northern portion of the Dismal Swamp.

63d. Virginian Barrier Islands and Coastal Marshes

     Virginian Barrier Islands and Coastal Marshes occur in the northeast corner of North Carolina and contain salt, brackish, and freshwater marshes, dunes, beaches, and barrier islands that enclose Currituck Sound. The Quaternary-age deposits of unconsolidated sand, silt, and clay form dynamic landscapes affected by ocean wave, tide, wind, and river energy. The boundary with the Carolinian Barrier Islands and Coastal Marshes (63g) is a broad transition zone. The nearshore ocean water, influenced by the longshore Virginia Current, tends to be colder than in most of 63g, especially south of Cape Hatteras, where warmer Gulf Stream waters occur. On the barrier islands, northern beach grass (Ammophila breviligulata) and deciduous oaks are typical, compared to the sea oats (Uniola paniculata) and evergreen live oak (Quercus virginiana) more commonly found to the south in 63g. Salt marshes are dominated by saltmarsh and saltmeadow cordgrasses (Spartina alterniflora, S. patens) and black needlerush (Juncus roemarianus), while the freshwater marshes of upper Currituck Sound contain big cordgrass (Spartina cynosuroides), sawgrass (Cladium jamaicense), bulrush (Scirpus americanus), cattail (Typha latifolia, T. angustifolia), and wild rice (Zizania aquatica). The marshes provide wintering habitat for snow geese, Canada geese, tundra swans, and several species of ducks and wading birds. Piping plover and loggerhead sea turtles occasionally nest along the beaches.

63e. Mid-Atlantic Flatwoods

     The Mid-Atlantic Flatwoods occupies the middle portion of the coastal plain in northern North Carolina and southern Virginia. Upland surfaces are wider, lower in elevation, with less local relief, and have more poorly drained soils compared to Ecoregion 65m. Soils such as Aquults and some Udults formed in the mostly Pleistocene-age clays and sands. With slow natural subsurface drainage, except near streams, artificial drainage is common for agriculture and forestry operations. Corn, peanuts, and cotton are typical crops. Although similar to 63h, the Mid-Atlantic Flatwoods historically had a lower frequency of fire, less longleaf pine (Pinus palustris), and a different mix of grasses than in 63h. There are fewer Carolina bays, and the region tends to be biologically less diverse than 63h in terms of plants and aquatic macroinvertebrates.

63g. Carolinian Barrier Islands and Coastal Marshes

     The Carolinian Barrier Islands and Coastal Marshes region covers most of the North Carolina coast, extending from Bodie Island in the north to North Myrtle Beach, South Carolina in the south. Similar to 63d along the coast in northern North Carolina and southern Virginia, the region contains marshes, dunes, beaches, and barrier islands, but it tends to be slightly warmer and wetter. In the north, the boundary with 63d is transitional, and there is a high diversity of vegetation in the maritime forests in the boundary area where northern and southern maritime forests overlap, such as at Nags Head Woods. The maritime forests include live oak (Quercus virginiana), sand laurel oak (Quercus hemisphaerica), loblolly pine (Pinus taeda), red cedar (Juniperus virginiana), yaupon holly (Ilex vomitoria), wax myrtle (Myrica cerifera), dwarf palmetto (Sabal minor), with cabbage palm (Sabal palmetto) in the southern portion of the region. The region encloses Pamlico Sound, a shallow estuary supporting an important nursery for 90 percent of all the commercial seafood species caught in North Carolina, as well as for vast recreational fisheries.

63h. Carolina Flatwoods

     The nearly level coastal plain of the Carolina Flatwoods has less relief, wider upland surfaces, and larger areas of poorly drained soils than the adjacent, higher elevation Ecoregion 65l. Covered by shallow coastal waters during the Pleistocene, the resultant terraces and shoreline-related landforms are covered typically by fine-loamy and coarse-loamy soils, with periodically high water tables. Other areas have clayey, sandy, or organic soils, contributing to the region's plant diversity. Carolina bays and pocosins are abundant in some areas. The region is a significant center of endemic biota, with more biological diversity and rare species compared to 63e to the north (Hall et al., 1999). Pine flatwoods, pine savannas, freshwater marshes, pond pine woodlands, pocosins, and some sandhill communities were once common. The boundary with 63e to the north is transitional. It is near the northern limits of wiregrass (Aristida stricta) and near the northern extent of the Southern Mixed Hardwood Forest as drawn by Quarterman and Keever (1962). In general, fewer longleaf pine (Pinus palustris) were found north of this region, although the longleaf pine range did extend into southern Virginia. The presettlement fire frequency was 1-3 years in this region compared to 4-6 years or more in regions to the north (Frost 1995). The boundary with 65m and 65l to the west generally corresponds to the Surry Scarp, and the boundary cuts further inland to include the distinctive Bladen lakes area within 63h. The Bladen lakes area of Bladen and Cumberland counties is a large area of eolian sands containing numerous Carolina bays and a vast complex of pocosin and flatwoods communities.

     Loblolly pine (Pinus taeda) plantations are now widespread with an active forest industry, especially to the south in South Carolina. Artificial drainage for forestry and agriculture is common. North Carolina's blueberry industry is concentrated on some of the sandy, acidic soils of the region.

63n. Mid-Atlantic Floodplains and Low Terraces

     The Mid-Atlantic Floodplains and Low Terraces are mostly a continuation of the riverine Ecoregion 65p, although a few floodplains mapped in this region originate within Ecoregion 63. Large, sluggish rivers, deep-water swamps, and some oxbow lakes characterize 63n. The alluvial deposits of the floodplains and terraces tend to have abrupt textural changes. Brownwater floodplains originate in or cross the Piedmont (45) and the sediments contain more weatherable minerals than the blackwater floodplains that have their watersheds entirely within the coastal plain. The blackwater rivers tend to have variable flow regimes, acidic water low in nutrients and colored by tannins but clear. Cypress-gum swamps (Taxodium distichum, T. ascendens, Nyssa aquatica, N.biflora) are common, along with bottomland hardwoods of wetland oaks (Quercus michauxii, Q. nigra, Q. phellos), green ash (Fraxinus pennsylvanica), red maple (Acer rubrum), and hickories (Carya aquatica, C. ovata, C. cordiformis). Vegetation communities along the blackwater floodplains and terraces tend to be less diverse than those in brownwater floodplains and terraces (Schafale and Weakley 1990).

65. Southeastern Plains

     These irregular plains with broad interstream areas have a mosaic of cropland, pasture, woodland, and forest. Natural vegetation was mostly longleaf pine (Pinus palustris), with smaller areas of oak-hickory-pine. On some moist sites, especially in the far south near Florida, Southern mixed forest occurred with beech (Fagus grandifolia), sweetgum (Liquidambar styraciflua), southern magnolia (Magnolia grandiflora), laurel and live oaks (Quercus laurifolia, Q. virginiana), and various pines. The longleaf pine forests had a diversity of age classes, structure, and species in response to environmental gradients and natural disturbances. Over the past three centuries, naval stores or pine tar production, logging, open range cattle and feral hog grazing, agriculture, and fire suppression removed almost all of the longleaf pine forests. The Cretaceous or Tertiary-age sands, silts, and clays of the region contrast geologically with the older metamorphic and igneous rocks of the Piedmont (45) and Blue Ridge (66). Elevations and relief are greater than in the Southern Coastal Plain (75), but generally less than in much of the Piedmont or in the more mountainous Blue Ridge. streams in this area are relatively low-gradient and sandy-bottomed.

     Ecoregion 65 has similarities to defined regions in the other major land classification systems. The Southern Coastal Plain MLRA includes this ecoregion within it (USDA, SCS 1981), and it is within the Coastal Plains and Flatwoods, Lower Section of the USFS (Bailey et al., 1994; Keys et al., 1995). The ecoregion has been divided into four level IV ecoregions within North Carolina:  Sand Hills (65c), Atlantic Southern Loam Plains (65l), Rolling Coastal Plain (65m), and Southeastern Floodplains and Low Terraces (65p).

65c. Sand Hills

     The Sand Hills are a rolling to hilly region composed primarily of Cretaceous-age marine sands and clays, capped in places with Tertiary sands, deposited over the crystalline and metamorphic rocks of the Piedmont (45). It tends to be more dissected, rolling and hilly than adjacent 65l, with a dense drainage network, and with a different mix of soils. Many of the droughty, low-nutrient soils formed in thick beds of sand, although some soils contain more loamy and clayey horizons. Sandy soils such as Candor and Lakeland are on the ridgetops, while more clayey soils such as Gilead and Vaucluse are on the valley slopes. Some upland areas are underlain by plinthite, and sideslopes tend to have fragipans that perch water and cause lateral flow and seepage. Stream flow is consistent; streams seldom flood or dry up because of the large infiltration capacity of the sandy soil and the great ground-water storage capability of the sand aquifer (Winner and Coble 1996). 

     On drier sites, turkey oak (Quercus laevis) and blackjack oak (Quercus marilandica) grow with longleaf pine (Pinus palustris) and a wiregrass (Aristida stricta) ground cover. Shortleaf-loblolly pine forests and other oak-pine forests are now more widespread due to fire suppression and logging. The Sand Hills are a center of rare plant diversity in the Carolinas.

      The region in most areas has soils that are poorly suited to crops due to the droughtiness and rapid leaching of plant nutrients. Many areas are in woodland, and some areas are used for pasture. Portions of the region  are also known for their peach orchards, golf courses, and horse farms.

     The western (or northwestern) boundary is defined fairly well by boundary coincidences illustrated by geology, surficial geology, and soils maps. Parts of the eastern (or southeastern) boundary for this region appear obvious, where there is a close coincidence in the major breaks depicted by soils, topography, and to some degree landcover, but other parts are not as easily defined. In Scotland and Hoke counties the boundary tends to correspond to the Orangeburg Scarp. It does not extend further to the southeast where the Cretaceous Middendorf Formation (Km) ends, as depicted on the state geology map (North Carolina Geological Survey 1985). Some aquatic ecologists suggested our boundary be moved further southeast, as streams coming out of the Sand Hills maintain those regional characteristics downstream. Along Rockfish Creek, there are also some excessively drained sandy soils, but this area overall does not have the regional patterns of the hilly, more dissected Sand Hills.

65l.  Atlantic Southern Loam Plains

     The Atlantic Southern Loam Plains ecoregion is lower, flatter, more gently rolling, with finer-textured soils than 65c. It is a major agricultural zone, with deep, well-drained soils, and more cropland than 65c or 63h. The sedimentary formations are younger than those of the Sand Hills (65c) and older and more dissected than the flatter terraces of the Carolina Flatwoods (63h). The flora is varied due to the variety of edaphic conditions, but is generally more mesic than found in 65c, and more xeric than in much of 63h. The region has a high concentration of Carolina bays. These are shallow, elliptical depressions, often swampy or wet in the middle with dry sandy rims. Carolina bays not drained for agriculture often contain rare or endangered plant and animal species.

     Ecoregion 65l stretches from Georgia in the south to the Cape Fear River in North Carolina in the north.  There were disagreements among researchers in North and South Carolina about where the level III boundary should be placed between ecoregion 65 and 63. Our early draft maps kept the boundary to the north of the Lumber River in the NC/SC border area. The 65l / 63h boundary in Bladen and Columbus counties of North Carolina is not easily discerned, and it is a fuzzy transitional mosaic of characteristics from each region. Scarps, where they are even detectable, do not appear to always be the best division between the 63 and 65 ecoregions. In North Carolina, the consensus was to move the boundary south of the Lumber River to cover some of the rolling, loamy soil, cropland areas, and in this area the boundary is close to the Surry Scarp. From Tabor City, NC, the boundary angles back toward Nichols, SC, near the Lumber River.

65m. Rolling Coastal Plain

     The dissected Rolling Coastal Plain extends south from Virginia and covers much of the northern upper coastal plain of North Carolina. Relief, elevation, dissection, and stream gradients are generally greater than in Ecoregion 63 to the east, and soils tend to be better drained. It has a slightly cooler and shorter growing season than 65l, but is a productive agricultural region with typical crops of corn, soybeans, tobacco, cotton, sweet potatoes, peanuts, and wheat. The region appears to be biologically less diverse than the coastal plain regions 65l and 63h to the south.

     The boundary on the west occurs in the transitional Fall Zone to the Piedmont. 45f to the west is lithologically distinct and has higher elevations. 65m's boundary on the east with 63e and 63h is also transitional in places, although in some sections to the south it corresponds with the Surry Scarp. In other areas, the patterns of higher proportions of well-drained soils and Udults and more rolling terrain characteristic of ecoregion 65 versus the flatter surfaces and more Aquults of ecoregion 63 do not always appear to correspond with the scarp and terraces, and in many areas the scarp is difficult to define.

65p. Southeastern Floodplains and Low Terraces

     Southeastern Floodplains and Low Terraces comprise a riverine ecoregion that provides important wildlife corridors and habitat. Composed of alluvium and terrace deposits of sand, clay, and gravel, the region includes large sluggish rivers and backwaters with ponds, swamps, and oxbow lakes. It includes oak-dominated bottomland hardwood forests (Quercus michauxii, Q. nigra, Q. phellos, Acer rubrum, Fraxinus pennsylvanica, Carya aquatica, C. ovata, C. cordiformis), and some river swamp forests of bald cypress or pond cypress (Taxodium distichum, T. ascendens) and water tupelo and swamp tupelo (Nyssa aquatica, N. biflora). Similar to 63n, the flood-prone region includes brownwater floodplains and blackwater floodplains. The brownwater floodplains originate in or cross the Piedmont (45) and the sediments contain more weatherable and mixed minerals than the blackwater floodplains that have their watersheds entirely within the coastal plain. The low terraces are mostly forested, although some cropland or pasture occurs in some areas that are better drained.

66. Blue Ridge

     The Blue Ridge level III ecoregion extends from southern Pennsylvania to northern Georgia, varying from narrow ridges to hilly plateaus to more massive mountainous areas with high peaks. The Blue Ridge is part of one of the richest temperate broadleaf forests in the world, with a high diversity of flora and fauna. From a national scale, the potential natural vegetation within North Carolina consists mostly of Appalachian oak forests (Kuchler 1964), but a variety of oak, hemlock, cove hardwoods, and pine communities comprise this general class. Many Blue Ridge forests were once dominated by the American chestnut (Castanea dentata), an ecologically and economically important tree that provided food and shelter to many animal species. A fungal disease, the Chestnut blight, introduced to the U.S. around 1904, killed most all of the chestnut trees by the 1930's. Root sprouts and small, young saplings can be found today, but they do not survive. In place of the chestnut, other trees, such as tulip poplar (Liriondendron tulipifera), chestnut oak (Quercus montana), white oak (Q. alba), black locust (Robinia pseudoacacia), red maple (Acer rubrum), and pine species have become the important canopy dominants. Fauna in the Blue Ridge include black bear, whitetail deer, wild boar, turkey, grouse, songbirds, many species of amphibians and reptiles, thousands of species of invertebrates, and a variety of small mammals. The ecoregion within North Carolina is characterized by floristically diverse forested slopes; high gradient, cool, clear streams with rocks and boulders; and rugged terrain on primarily metamorphic bedrock (gneiss, schist, and quartzites). Soils are mostly mesic, udic Dystrudepts and Hapludults. Elevations generally range from 1000-5000 feet, with Mount Mitchell, the highest point in North Carolina, and highest in the U.S. east of the Mississippi River, reaching 6684 feet. Annual precipitation ranges from 40 inches in the Asheville Basin to more than 100 inches on some of the higher peaks in the wetter areas in the southern part of the state. Forest-related land uses occur along with some small areas of pasture, apple orchards, and Fraser fir Christmas tree farms. Low-density recreational activities in forested settings have also become a typical land-use. Recreation activities such as  rafting, kayaking, hiking, cycling, fishing, hunting, and camping are increasingly popular activities on the the public lands of the Blue Ridge.

    The ecoregion in North Carolina contains nine level IV ecoregions: New River Plateau (66c), Southern Crystalline Ridges and Mountains (66d), Southern Sedimentary Ridges (66e), Southern Metasedimentary Mountains (66g), High Mountains (66i), Broad Basins (66j), Amphibolite Mountains (66k), Eastern Blue Ridge Foothills (66l), and Sauratown Mountains (66m).

66c. New River Plateau

     The New River Plateau is a high, hilly plateau that extends north into the Virginia Blue Ridge. The region has less relief and a different land cover mosaic than surrounding Blue Ridge ecoregions. It has less dense woodland and forest cover, and more land devoted to pasture, orchards, cropland, livestock and dairy farms, and Christmas tree production. Elevations are generally between 2500-3500 feet, with a few higher peaks. Oak (Quercus spp.) dominates most of the forests, with beech (Fagus grandifolia), birch (Betula alleghaniensis), hemlock (Tsuga canadensis), and poplar (Liriondendron tulipifera) on more moist sites and pines on drier areas. Fish and macroinvertebrate communities are likely to likely to be distinct compared to adjacent regions. Aquatic macroinvertebrate communities are somewhat different in the New River basin than other Blue Ridge regions (Dave Lenat, NCDENR, personal communication). The New River Plateau ecoregion, however, does not include all of the headwaters of the New River basin.

     The Plateau ecoregion boundary is relatively distinct, made evident by the break in topograghy and landcover differences. The southern portion of the boundary was more difficult to define. The area around the Ashe/Watauga County line, from the Othello/Beaver Creek area southwest to Boone appears to have slightly greater relief than the rest of the region to the north, beginning a transition to 66d. 

66d. Southern Crystalline Ridges and Mountains

     The Southern Crystalline Ridges and Mountains occur primarily on Precambrian-age igneous and high-grade metamorphic rocks, in contrast to the sedimentary and metasedimentary rocks of 66e and 66g. The crystalline rock types are mostly gneiss and schist, covered by well-drained, acidic, loamy soils. Some small areas of mafic and ultramafic rocks also occur, producing more basic soils. The heterogeneous region has greater relief and higher elevations than 66l, 66c, and 66j. Topographic break and soil types help define the boundary between 66d and 45a, 45e. Elevations of this rough, dissected region are generally 1200-4500 feet, with some higher peaks. The southern part of the region, south of Asheville, is wetter than the north. In the ecoregion meetings, discussions occurred about making the southern, wetter portion of 66d a separate region. Other than precipitation amounts and some anecdotal evidence, however, the differences were not well documented, and the consensus was to not split the region. Other consideration was also given to delineating a Blue Ridge Front or escarpment region on the eastern edge of 66d, or combining the escarpment with 66l. Although the escarpment might be drier than much of 66d, that area tends to be steeper with more relief and not as dry as much of the 66l foothills region.

     66d is mostly forested, with chestnut oak (Quercus montana) and other oaks now dominating on most slopes and ridges, earlier dominated by American chestnut (Castanea dentata). Cove forests are common, and northern hardwoods forests are found at higher elevations. There are a few small areas of pasture, apple orchards, Fraser fir Christmas tree farms, or minor cropland at lower elevations. 

66e. Southern Sedimentary Ridges

     The Southern Sedimentary Ridges ecoregion occurs primarily in Tennessee and Virginia. In North Carolina, it consists of small areas near the Tennessee border in western Ashe, Watauga, Mitchell, Yancy, and Madison counties. The disjunct areas contain Cambrian-age sedimentary rocks of shale, sandstone, siltstone, conglomerate, and dolomite. Some metasiltstone or metasandstone occurs, but it is material of very low-grade metamorphism. One of the larger areas, in Madison County, is associated with the Hot Springs Window, an opening where the major thrust sheet was eroded to expose younger, underlying rocks such as the Shady Dolomite and Rome Formation shale and siltstone. Slopes of the region are typically steep and forested, with elevations mostly between 1500 to 4900 feet. The boundary with 66d generally follows the contact between the igneous/metamorphic crystalline rocks of that region and 66e's sedimentary and metasedimentary rocks. The Southern Metesedimentary Mountains (66g) ecoregion contains metasedimentary materials that are generally of a higher metamorphic grade than 66e.

66g. Southern Metasedimentary Mountains

     The Southern Metasedimentary Mountains in North Carolina contain rocks that are not as strongly metamorphosed as the gneisses and schists of 66d. The geologic materials are mostly late Pre-Cambrian and include metagraywacke, metasiltstone, metasandstone, metaconglomerate, slate, schist, phyllite, and quartzite. These are steep, dissected, biologically-diverse mountains that are densely forested. The Appalachian oak forests and, at higher elevations, the northern hardwoods forests include a variety of oaks and pines, as well as silverbell (Helesia tetraptera), hemlock (Tsuga canadensis), tulip poplar (Liriondendron tulipifera), basswood (Tilia americana), buckeye (Aesculus flava), yellow birch (Betula alleghaniensis), and beech (Fagus grandifolia). The region supports complex and numerous plant communities and a great diversity of plant species. Much of the region is public land managed by the National Park Service or U.S. Forest Service.

     A northern disjunct portion of this region covers the Linville Gorge / Grandfather Mountain Window area in Watauga, Avery, McDowell, and Burke counties. Although there are likely to be some ecological differences from the main portion of 66g to the southwest, the geology and soils suggest this northern area is more similar to 66g than to the surrounding 66d.

66i. High Mountains

     The High Mountains ecoregion includes several disjunct high-elevation areas generally above 4500 feet. The region has a more severe, boreal-like climate than surrounding regions, with wind and ice affecting vegetation, and it has frigid soils rather than mesic soils. Evergreen red spruce (Picea rubens) and Fraser fir (Abies fraseri) forests are found at the higher elevations, and red oak (Quercus rubra) forests and northern hardwood forests with beech (Fagus grandifolia), yellow birch (Betula alleghaniensis), yellow buckeye (Aesculus flava), and sugar maple (Acer sacharrum) are common. The spruce-fir forests have been affected by the balsam wooly adelgid (Adelges piceae), a non-native insect that kills mature Fraser firs, and some forest growth declines are possibly linked to air pollutants. Heath balds dominated by evergreen rhododendron (Rhododendron catawbiense, R. carolinianum, R. maximum) and mountain laurel (Kalmia latifolia), and grassy balds of mountain oat grass (Danthonia compressa) and other herbaceous and shrub species are found on some slopes and ridgetops. Northern flying squirrels (Glaucomys sabrinus), Blackburnian warblers (Dendroica fusca), black-capped chickadees (Parus atricapillus), and common ravens (Corvus corax) are seen in this region. It also provides habitat for the saw-whet owl (Aegolius acadicus), a species of special concern in North Carolina.

66j. Broad Basins

     The Broad Basins ecoregion is drier, has lower elevations and less relief than the more mountainous Blue Ridge regions (66g, 66d). It also has less bouldery colluvium than those two surrounding regions and more saprolite. The soils are mostly deep, well-drained, loamy to clayey Ultisols, although there are soil variations between the uplands, the high and low terraces, and the floodplains within the region. The Asheville basin has the lowest annual precipitation amounts in North Carolina, receiving less than 42 inches. Compared to the higher mountainous ecoregions of 66, the Broad Basins have a mix of oaks and pines more similar to the Piedmont (45), with more shortleaf pine (Pinus echinata) and Virginia pine (P. virginiana), and white oak (Quercus alba), southern red oak (Q. falcata), black oak (Q. velutina), and scarlet oak (Q. coccinea). Although some areas of this rolling foothills region are mostly forested, overall it has more pasture, cropland, industrial land uses, and human settlement than other Blue Ridge ecoregions. Outlines of abandoned fields with pine-hardwood succession are apparent on many lower slopes. The ecoregion has four disjunct areas that occur in North Carolina, Georgia, and Tennessee.

66k. Amphibolite Mountains

     Similar to some parts of 66d, the Amphibolite Mountains are a botanically diverse area with many rare species, including some relict and disjunct species from areas much further north. The rugged, steeply sloping mountains are composed of Precambrian amphibolite and gneiss. The amphibolite, a metamorphosed black volcanic rock, formed from lavas that spilled on the floor of a shallow sea, mixing with layers of mud, sand, and volcanic ash. In some areas this rock weathers to produce shallow soils high in calcium and magnesium, and less acidic than most Appalachian soils. Oak forests (formerly American chestnut forests) dominate on south, east, and west facing slopes with an understory of Catawba rhododendron (Rhododendron catawbiense), mountain laurel (Kalmia latifolia), flame azalea (Rhododendron calendulaceum), and dogwood (Cornus alternifolia.). Cove forests and northern hardwood forests are found on north slopes, and include sugar maple (Acer sacharrum), ash (Fraxinus americana), yellow birch (Betula alleghaniensis), tulip poplar (Liriondendron tulipifera), and basswood (Tilia americana).

66l. Eastern Blue Ridge Foothills

     The open low mountains of the Eastern Blue Ridge Foothills are lower in elevation (1000-2800 feet) than most Blue Ridge regions and have more Piedmont influences. The region includes the Brushy Mountains in the north and the South Mountains to the south. Covered with mixed oak and oak-hickory-pine forests, these mountains tend to be slightly drier and warmer than most of Ecoregion 66. The South Mountains contain forested areas that harbor many uncommon or rare plant species, including turkey beard (Xerophyllum asphodeloides) on xeric ridges and one of North America's rarest orchids, the small whorled pogonia (Isotria medeoloides). 

     The boundary with the Piedmont (45) is based mostly on the break in relief and topography, soils, and land cover differences. In some regional schemes for North Carolina these foothills are considered as part of the Piedmont (e.g., Stuckey 1965, Keys et al., 1995, Lonsdale 1967), although several other regional frameworks place them with the Blue Ridge (Barnes and Marschner 1933, NCCGIA 1997, Daniels et al., 1999). The ruggedness of the terrain, the soil characteristics, the land use and landcover, and the mostly direct connection with the Blue Ridge suggested to us a more mountainous classification for this area.

66m. Sauratown Mountains

    The prominent ridges and knobs of the Sauratown Mountains rise more than 1000 feet above the rolling Piedmont (45) surface. Sometimes called monadnocks or inselbergs, these isolated mountain outliers are formed in part by their caps of erosion-resistant, nearly horizontally-bedded quartzite. Pilot Mountain, the small, disjunct piece of the region, has an elevation of 2,421 feet and is a conspicuous inselberg in the area, once serving as a navigational landmark by Native Americans, early traders and settlers. The region has both Piedmont and Blue Ridge vegetation communities: mostly oak and oak-pine forests with some Canadian and Carolina hemlock (Tsuga canadensis, T. caroliniana) in moist areas. Other mountain flora found here include rhododendron and azalea (Rhododendron spp.), galax (Galax urceolata), mountain laurel (Kalmia latifolia), pitch pine (Pinus rigida), table mountain pine (P. pungens), and various ferns.
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