National Park Service
U.S. Department of the Interior
Northeast Region
Natural Resource Stewardship and Science

A Natural Resource Assessment for New River Gorge
National River
Technical Report NPS/NER/NRTR--2004/002

ON THE COVER (all photographs courtesy of the National Park Service):
Top: View of New River and surrounding forest from Dowdy Bluff.
The New River Gorge National River (NERI) is located along a 53-mi (85.3-km) stretch of the New River between the towns of
Hinton and Fayetteville. in Summers. Fayette, and Raleigh counties of southern West Virginia. Predominant land cover within
NERI is a mixture of oak-hickory and mixed-mesophytic forests. The large block of deciduous forest in which NERI is located
has been identified as being the largest remaining block of midlatitude forest in the world, making it a globally significant
resource at the park.
Bottom Right: Hiking trail through forest near Endless Wall.
NERI provides a variety of recreational activities for visitors, including hiking, biking, camping, rock-climbing, and white-water
rafting. This particular hiking trail is located near Endless Wall, a popular rock-climbing site within the park. With proper
planning, recreational use of the park can be entirely compatible with good natural resource conservation. For example, proper
design and placement of trails, riparian day-use sites, and park structures will ensure that the intrinsically significant natural
resources of NERI are protected.
Bottom Left: New River Gorge Bridge.
One of the most photographed features in the park, the New River Gorge Bridge is the second-longest steel-arch bridge in the
world. The bridge spans the New River Gorge portion of NERI. The New River Gorge supports a diverse, nationally significant
assemblage of flora and appears to be. floristically. the most diverse river gorge in the central and southern Appalachians. This
plant diversity is due. in part, to extremes in moisture gradients and to the occurrence of rocky habitats within the gorge.
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Executive Summary

New River Gorge National River (NERI) began its General Management Plan (GMP) planning
process in 2004 to ensure that the park has a clearly defined direction for resource conservation
and visitor use. The NERI GMP should be based on current scientific and scholarly
understanding of park natural (and cultural) resources and make certain that planning decisions
are consistent with park purposes. Toward that goal, this report seeks to provide an assessment
of the currently available natural resource knowledge relating to NERI. This report provides
usable, understandable, and transferable information about the current status and significance of,
threats to, and gaps in knowledge about, the natural resources at NERI. In addition, this report
provides suggested management recommendations to help ensure the proper stewardship of the
natural resources at NERI.
In order to conduct this assessment of natural resources at NERI, all relevant reports,
publications, and data files pertinent to natural resources in the park were synthesized and
summarized. In addition, three workshops related to specific natural resources
(hydrogeology/geology, forest resources, and biotic resources) were conducted and attended by
resource managers, academic and governmental researchers, research technicians, and park staff.
Attendees helped summarize past and ongoing natural resource studies, identified gaps in
knowledge about the resources, and suggested desired future conditions and management
prescriptions for natural resources at NERI. In addition, the participants provided their collective
opinions regarding the significance of these natural resources.
A distinctive combination of moist climate, steep topography, hard quartz sandstone geology,
ancient river system, and history of resource extraction, use, and alteration (e.g., mining, logging,
and flood control) shape the landscape and resources found in NERI today. Within the large
matrix of continuous forest found at NERI, a wide variety of habitat elements, both natural and
cultural, support significant assemblages of plants and animals. For example, abandoned mine
portals, a cultural landscape element, provide habitat for rare species of bats, Allegheny
woodrats, and cave salamanders. Sheer cliff faces support sensitive plant species, rare green
salamanders, and, perhaps, significant invertebrate assemblages. Forest seeps and the Kates
Branch Wetland contain populations of wetland birds, provide breeding ground for amphibians,
supply habitat for invertebrate assemblages, and provide vegetation diversity in the landscape.
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The natural resource assessment process identified a variety of natural resources within NERI
that are intrinsically significant on a global, national, state, or local level, and are summarized
below.
Level of Significance
Global

Resource
large populations of Allegheny woodrats
abundant and diverse breeding populations of neotropical migratory
birds (including cerulean warblers)
abundant and diverse populations of salamanders
rare Appalachian flatrock community
large expanse of unfragmented and diverse forest types

National

floral diversity, especially in the gorge
geology of the gorge portion of the park

Regional

diverse assemblage of bats
co-occurrence of two subspecies of painted turtles

State and Local

wetlands
healthy populations of native game animals (e.g., white-tailed deer,
black bear and turkey) and game fish (e.g., catfish)
economically significant, recreational, non-native fishery (e.g.,
smallmouth bass, and walleye)
variety of state species of special concern

Although the aforementioned resources were identified as having global, national, regional, or
state and local significance, many other natural resource elements were examined in the natural
resource assessment. For example, this report provides an assessment of hydrologic features, air
resources (including a description of pollution, visibility, and soundscape issues), and
recreational impacts to resources at NERI.
Many park uses such as recreation and resource management necessitate the construction of
roads, trails, and other park facilities that may result in fragmentation of habitat blocks, erosion,
sedimentation, stream pollution, and other effects. The upcoming GMP will identify the type,
location, and intensity of these uses, analyze the impacts of these uses on natural resources, set
management goals, and prescribe actions that will help ensure the protection of the significant
natural resources of NERI.
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A range of potential management prescriptions to be included in the GMP will strive to
successfully ensure the goal of protection of NERfs natural resources. This natural resource
assessment identified proposed goals and management prescriptions for evaluation by the GMP
planners. A partial list is presented below.
Proposed Management Goal
Because the expanse of mixed-mesophytic
forest in which NERI is located is the
largest remaining area of midlatitude forest
in the world, the natural succession of oakhickory forest to mixed-mesophytic forest
should be permitted to continue except in
specific locations where oak-hickory,
rimrock pines, eastern hemlock, or other
vegetation were the preindustrial forest
type.

Proposed Management Prescription
minimize development of fragmenting landscape
features within large, continuous forest
blocks at NEPvI.
ensure forest regeneration and protect (nationally
significant) floral diversity by controlling
white-tailed deer population through
regulated hunting
develop and implement a plan to control invasive
nonnative plant species
maintain forest components such as oak-hickory
forest stands and rimrock pine communities
where they historically occurred
monitor and protect (if possible) hemlock forests
from the invasive hemlock woolly adelgid
maintain gap dynamics in forests so that small,
early successional patches of habitat that
support associated bird species can persist

Because riparian areas are some of the
most diverse, dynamic, and complex
biophysical habitats and the Appalachian
flatrock community is a globally rare
ecological community, these riparian
habitats should be maintained in NERI
through periodic disturbance.

consider periodic and carefully controlled and
timed flood events in cooperation with the
U.S. Army Corps of Engineers after first
analyzing and avoiding potential impacts to
human development, infrastructure, and
seasonal sensitivities of biotic communities.

Because the waters of the New River and
its tributaries support significant
communities offish, mussels, and
amphibians and support economically
significant recreational opportunities, the
water quality of the New River and its
tributaries should be improved.

waste and stormwater treatment infrastructure
within the park and in adjacent local
communities should be improved and
monitored via cooperative watershed
planning efforts.

Today, stream pollution, sedimentation, nonnative species introduction, logging and mining
within park boundaries, some limited recreational disturbances, and residential/commercial
development adjacent to the park boundaries are the major human influences at NERI. With
proper planning, however, human impacts to natural resources can be limited, and cultural and
recreational use of the park can be entirely compatible with good natural resource conservation.
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Introduction
Each unit of the National Park Service (NPS) must maintain an up-to-date General Management
Plan (GMP) (NPS 2001). The purpose of a GMP is to ensure that each park has a clearly defined
direction for resource preservation and visitor use (NPS 2001). A park's GMP should be based
on current scientific and scholarly understanding of park ecosystems and help to ensure that
decisions are consistent with park purposes (NPS 2001).
Unfortunately, the information needed for developing a useful GMP usually has not been
synthesized to provide a collective description of the status and significance of park natural
resources. In addition, park staff turnover reduces institutional knowledge of the content of past
studies and data collection efforts. Past research, therefore, becomes a matter of historical record
and copies of most documents frequently are located only in the park. Information requirements
often are overlooked or unknown early in the planning process. In many cases potentially usable
data have not been systematically identified and mapped using Geographic Information Systems
(GIS). Without GIS, the information is not readily available for use in general management or
facilities planning.
In 1999, the NPS announced the Natural Resource Challenge, a five-year program to strengthen
natural resource management (Engquist 2001). The NPS strategy to meet the challenge
identified the need for a new planning framework, which ensures that available natural resource
information is synthesized and interpreted for planning purposes, with information gaps and the
significance of the natural resources (in a global, national, state, and regional context) analyzed.
New River Gorge National River (NERI) began its GMP process in 2004. Therefore, the
purpose of this report is to provide usable, understandable, and transferable information about
the current status and significance, threats, and gaps in knowledge for the natural resources found
in NERI. In addition, suggested management recommendations are provided that aim to assist
resource managers in the stewardship of the natural resources at the park. The information
provided in this report will ensure that up-to-date and relevant natural resource data will be
incorporated into the planning process at NERI.
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Study Area
New River Gorge National River (NERI) was established by Public Law (PL) 95-625 on
November 10, 1978, for "the purpose of conserving and interpreting outstanding natural, scenic,
and historic values and objects in and around the New River Gorge and preserving as a freeflowing stream an important segment of the New River in West Virginia (WV) for the benefit
and enjoyment of present and future generations." The authorization of NERI directed the NPS
to administer, protect, and develop NERI in accordance with the NPS Organic Act (39 Stat. 535).
NERI is located along an 85.3 km (53 mi) stretch of the New River between the towns of Hinton
and Fayetteville, in Summers, Fayette and Raleigh counties of southern West Virginia (Fig. 1).
There are 28,636 ha (70,762 acres) within the authorized boundary and the NPS currently owns
20,828.36 ha (51,468 acres) (73%) within this boundary. Predominant land cover within the
Lower New River Watershed is forest (approximately 88%), with agricultural lands covering
roughly 10% of the watershed. Approximately 1% of the watershed is developed and 1% is
wetlands (Purvis et al. 2002). Surface and underground mining for coal are, and historically
were, major activities in and around the authorized boundary.
One of the outstanding features of NERI is the presence of the New River Gorge. The cliffs of
the gorge extend for a distance of 32.19 km (20 mi) and are primarily composed of perpendicular
rock that, at its deepest point, extends 393.8 m (1,292 ft) to the valley below. This gorge is a
nationally significant geologic feature and is only rivaled by the Niagra cliffs in New York
(Brooks 1911).
The mean annual temperature for the area is 10.5 °C (50.9 °F) (Suiter and Evans 1999).
Temperatures in July average 20.9 °C (69.6 °F) and in January average -1.6 °C (29.1 °F). The
region receives an average of 104.2 cm (41.0 in) of precipitation per year, with an average
snowfall of 48.8 cm (19.2 in) per year (Suiter and Evans 1999).
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Figure 1. New River Gorge National River, West Virginia, 2004.
4

Methods
Literature and Data Set Review and Workshops
In order to conduct the assessment of natural resources at NERI all relevant reports, publications,
and data sets were identified by using NatureBIB®, searching park libraries, meeting with
resource managers, and directly contacting researchers who have conducted projects pertinent to
natural resources in the park. In addition, I conducted a literature search for articles based on
natural resource research conducted in and around NERI. For the literature search I used
electronic databases, referenced proceedings of conferences, meetings, and workshops, United
States Department of Agriculture (USDA) and NPS technical bulletins, journal articles, and Web
sites. Electronic databases included Agricola®, Biological Abstracts®, and Biological and
Agricultural Index®. After an initial review of natural resource literature and meeting with
resource managers, general natural resource topics of particular relevance to NERI were
identified. These topics, biotic resources (plants and animals), forest and habitat community
resources (habitat types, community processes), and hydrologic/geologic resources (water, soil,
rock), then became the focus topics for three workshops held in West Virginia during May 2003.
These workshops were attended by invited resource managers, academic and governmental
researchers, research technicians, and park staff. The purposes of the workshops were to:
identify all past and ongoing natural resource studies, recognize gaps in knowledge about the
resources, and suggest desired future conditions and management prescriptions
(recommendations) for natural resources (Appendixes A - C). In addition, the participants gave
their collective opinion on what were the intrinsically significant natural resources found in
NERI. Attendees at these workshops also became the source of a cadre of knowledgeable
natural resource professionals who could aid in the GMP process (Appendix D).
After workshops were conducted, a thorough review of all identified reports, publications, and
data sets was conducted. The information contained in the reports, publications, and data sets
then was consolidated, summarized, and synthesized in a manner that portrays the historical and
existing park ecosystems and identifies the intrinsically significant natural resources of the park.
For each resource identified, current status, threats to the resource, gaps in knowledge, and
general management recommendations were described and formulated.
A relevant natural resource topic that was not the focus of a workshop was air resources. There
has been very little research conducted on air resources in NERI. Therefore, Air Resources
Specialists were contracted to analyze data from air monitoring sites located near NERI as
surrogates to assess air quality and visibility in the park.
Geographic Information System Data
During the consolidation, summarization, and synthesis of reports, publications, and data, the
large block of deciduous forests in which NERI is located was identified as being the largest
remaining block of midlatitude forest in the world, making it a globally significant resource
(Ritters et al. 2000). In order to maintain this globally significant resource it is imperative that
unfragmented blocks of forest in NERI are identified and protected. Therefore, a researcher
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from the West Virginia Natural Heritage Program (WVNHP) was subcontracted to perform a
Geographic Information Systems (GIS) analysis that would identify the regions of the park that
contained forests with a diversity of habitat types and minimal fragmentation. Aside from this
forest block analysis, GIS data sets are available for many natural resources at NERI (Appendix
E). GIS data sets are becoming more prevalent as researchers provide mapped data points as part
of their deliverables. In addition, resource management at NERI now includes GIS experts as
part of their permanent staff.
NPS Synthesis Information Management System
In order to provide organized data containing the critical reports and documents cited in this
natural resource assessment report, a Synthesis (information management system) database was
created by the Synthesis Regional Support Center at James Madison University (JMU) in
Harrisonburg, Virginia. Synthesis is an information management system for efficiently locating,
organizing, integrating, and disseminating data and information. Synthesis presents the user with
a simple, graphical user interface that functions as a gateway to information that may be stored
on local computers, networks, intranets, or the Internet. From this single gateway, a user may
view and integrate many types of information including text-based documents, photographic
libraries, databases, spreadsheets, presentation graphics, GIS data, bibliographies, Internet-based
information, and decision support systems. Synthesis provides a means to link and share data,
information, and applications. It does not replace existing databases or dictate the structure or
function of other databases. Rather, it provides a set of pathways that link various sources of
information.
The NERI Synthesis Information Management System database contains 81 full-text searchable
documents cited in this natural resource assessment. Due to time constraints, not all documents
cited in this assessment report are contained in the NERI Synthesis database but Synthesis can be
updated continually. This report contains two Synthesis CDs. The first CD contains the
executable files to run Synthesis and the second contains NERI-specific data files. Additional
copies of these CDs are available from the Synthesis Regional Support Center
(synthesisffl)jmu.edu). Instructions for installing Synthesis are available in Appendix F. These
CDs can be continually updated so that an electronic version of all significant natural resource
documents is available for the park.
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Historic Land Use and its Potential Effects
on Natural Resources in New River Gorge National River

Pre-European Settlement Natural Resource Conditions and Effects of Native Americans (pre1845)
Prior to 1880, most of the land that is now NERI was covered by old-growth timber that lined the
un-dammed waters of the New River. The majority of the landscape was covered with the
mixed-mesophytic forest type, which, according to Braun (1950), consisted of overstory trees in
the following order of dominance: American beech {Fagus grandifolia), sugar maple {Acer
saccharum), yellow poplar {Liriodendron tulipifera), eastern hemlock (Tsuga canadensis),
American chestnut {Castanea dentata), and white oak {Quercus alba). American basswood
{Tilia americana), cucumber magnolia {Magnolia acuminata), and white ash (Fraxinus
americana) were also major components of the mixed-mesophytic forest type (Brooks 1911).
The mixed-mesophytic forest during the pre-European settlement period was dominated by large
(110 cm [43.31 in] diameter at breast height [dbh]) trees that ranged in age from 175-600 years
old (Redding 1995, Greenberg et al. 1997). Areas of early successional habitat were created by
natural disturbances such as blow-downs caused by storm events and individual tree falls
(Redding 1995). During this period, some oak-dominated and pine forests may have existed on
certain sites characterized by dry edaphic conditions and periodic, low-intensity fires (Brose et
al. 2001). These low-intensity fires were the result of occasional lightning strikes, but most were
set by Native Americans to achieve a variety of results including clearing land for agriculture,
assisting in the management of favored vegetation, clearing routes of travel, herding game, and
even waging war on neighboring tribes (Abrams 1992, Brose et al. 2001). These fires probably
varied in intensity and exerted a considerable influence upon vegetative composition. One effect
may have been creating a forested landscape that was comprised of the mixed-mesophytic forest
interspersed with scattered stands of the oak-hickory and pine forest type (Brose et al. 2001).
Aside from the mixed-mesophytic forests that dominated the region, riparian and floodplain
forests maintained by periodic flooding were found in a continuous band along the banks of the
New River and its tributaries. The riparian forest consisted of sugar maple, willow (Salix sp.),
buckeye {Aesculus octandra), river birch {Betula nigra), sycamore {Platanus occidentalis), and
the eastern hemlock/beech assemblage in ravine areas (Suiter and Evans 1999, Vanderhorst
2001). Herbaceous, disturbance-mediated plant species, such as Virginia spiraea {Spiraea
virginiana) and running buffalo clover {Trifolium stoloniferwn), may have occurred along the
banks of the New River (Bartgis 1989, Ogle 1991). In addition, several sandstone flats along the
river supported the Appalachian flatrock community dominated by Virginia pine {Pinus
virginiana) and eastern red cedar {Juniperus virginiana) (Vanderhorst 2001). These flatrock
communities were maintained by the scouring actions of severe 50-100 year flood events (Suiter
and Evans 1999, Vanderhorst 2001).
During this pre-European settlement period, rimrock pine communities (containing Virginia and
pitch pines [Pinus rigida]) persisted in the dry edaphic conditions at the top of the gorge, and red
cedar/hemlock/chestnut oak {Quercus prinus) communities grew on the steep gorge slopes and
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cliff faces (Grafton and Grafton 1980). A few of the steep gorge slopes, however, were devoid
of vegetation due to landslides that occurred on the unstable sandstone/shale and the highly
erodible soils of the gorge (Grafton and Grafton 1980, Remo 1999).
American chestnut was a component of the pre-1845 forest although its distribution in NERI is
not known (Braun 1950). Brooks (1911) described the mixed-mesophytic forests in the NERI
region as containing valuable timber, with beech, maple, and white oak predominating on the
upper slopes of the gorge, hemlock found along the river and its tributaries, and pines growing
on dry ridges and sandstone outcrops. Brooks (1911) did not mention American chestnut being a
dominant tree at the time. Chestnuts, however, already may have been in decline due to the
infestation by the chestnut blight {Oyphonectria parasitica) or, perhaps, were never a major
component of the forests of NERI.
Prior to 1845, wildlife in what is now NERI included some species of birds and mammals
currently extirpated from the area. For example, mountain lions (Felis concolor), elk (Cervus
elaphns), passenger pigeons (Ectopistes migratoria), and gray wolves (Canis lupus) historically
were found throughout the Appalachians (Weidensaul 1994). Mountain lions, bobcats (Lynx
rufus), black bears (Ursus americanus), and wolves would have preyed upon white-tailed deer
(Odocoileus virginianus) and may have accounted for half of the annual deer mortality (Redding
1995). This predation coupled with little landscape-level forest fragmentation would have
resulted in a deer herd of about 3-8 deer/km" (8-20 deer/mi") in NERI (Redding 1995). Diverse
assemblages of salamanders and birds (especially neotropical migratory birds) inhabited the rich,
moist mixed-mesophytic and riparian forests. In the New River large mussel beds, home to eight
or nine species of native mussels, covered portions of the river bottom.
The aquatic communities offish and macroinvertebrates were less diverse prior to 1880 than
they are today (Cincotta et al. 1999). The original fish community of the New River consisted of
about 50 species of native fish with a high rate of endemic species (Cincotta et al. 1999). The
original crayfish community of New River consisted of two species in the genus Cambarus.
Effects of European Settlement and Industrialization on Natural Resources (1845-1978)
The existence of coal in the area of NERI was generally unknown until the mid-1800s (Grafton
and Grafton 1980). Between 1845-1868 several entrepreneurs and explorers reported the
presence of coalbeds over a wide area of the New River and analyzed the potential for
hydropower development at Sandstone Falls (Grafton and Grafton 1980). The discovery of coal
in this region was facilitated by the configuration of the gorge, which exposed the coal seams
found in shale deposits. The first iron furnace, coal mines, and coke ovens were opened in the
1870s near Sewell (Grafton and Grafton 1980). The completion of the Chesapeake and Ohio
(C&O) Railroad in 1873 initiated the economic coal-mining boom along the New River. The
extensive mining operations left spoil and refuse piles across the landscape (Remo 1999). These
spoil and refuse piles deposited on the steep slopes of the gorge were unstable and often
produced debris slides and flows (Remo 1999).
The ensuing industrialization and settlement of the area resulted in large lumbering operations as
forests were cleared for settlement and timber was harvested for market uses (posts, headers, ties,
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buildings, and fuel) and use in iron production (Grafton and Grafton 1980, Lewis 1998).
Lumbering peaked around 1909 in West Virginia (Lewis 1998) but may have peaked in the area
of NERI later based on reports of valuable timber being available near the New River Gorge in
1911 (Brooks 1911). By 1930, as much as 90% of the gorge had been deforested, although
portions of the gorge harvested in the 1870s were growing back by this time (Bonenberger, 2004,
WV University, pers. comm.). The old-growth, mixed-mesophytic forest was replaced by shadeintolerant, early successional hardwood species, such as oak, black cherry (Pimis serotina), and
red maple (Acer rubrum) (Redding 1995).
Deforestation had secondary impacts to the hillslope processes and flooding events. Rainwater
falling on the denuded slopes washed away topsoil, led to the formation of gullies in the sandy
loam soils, and increased sediment in streams (Lewis 1998). Furthermore, construction of haul
roads and mine sites may have exacerbated soil erosion on steep slopes, especially during flood
events. Johnson et al. (2000) concluded that, in areas with a history of extensive logging and
concurrent accumulation of slash in streams and construction of haul roads, floods caused
catastrophic debris-flow damage along rivers and their tributary streams.
The rugged topography and steep slopes in and around NERI influenced the settlement patterns
in the region. Therefore, commercial and residential construction was concentrated in valley
floors and on top of the Appalachian Plateau, with resource extraction and temporary settlements
occurring in the steep hills (Mott 1995) (Figure 2). Fires started by coal mining and its
associated activities probably burned portions of the forest around these industrial settlements
(Lewis 1998; Brose et al. 2001).
By the 1930s, industrial development, logging, and coal extraction were beginning to decline
throughout West Virginia (Lewis 1998). However, in the 1940s, large-scale surface coal mining
began in the New River Gorge and continued until the 1990s. In addition, another construction
project—Bluestone Dam—altered natural resource processes in and around NERI. The
settlement patterns in the valleys of this portion of West Virginia made industrial towns highly
susceptible to flood damage, and the Bluestone Dam was constructed in the late 1940s for flood
control purposes (Purvis et al. 2002). The dam has been successful in reducing flood peaks by at
least 50% but has affected natural biophysical processes (Flug 1987). For example, the scouring
processes caused by periodic severe floods have been suppressed, altering vegetation
communities along the New River and its tributaries (Mitchem and Johnson 2001). Documented
changes in these vegetation communities included a decline in early successional, disturbancemediated species such as Virginia pine and red cedar and an increase in deciduous, upland forest
species (Mitchem and Johnson 2001).
During this period of European settlement and industrialization, species, such as wolves,
mountain lions, elk, and passenger pigeons, were extirpated throughout much of the
Appalachians (Matthiessen 1987). Other populations of wildlife, although not extirpated,
declined dramatically during this period. For example, white-tailed deer, black bear, and wild
turkey (Meleagris gallopavo) populations declined severely due to habitat destruction and
market hunting in the early 1900s (Kallman 1987). In addition, the American chestnut was lost
from the Appalachian forest due to the chestnut blight.
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Figure 2. Historic mines and towns of New River Gorge National River, West Virginia, circa 1912.

Effects of Park Establishment, Resource Protection, and Modern Land Uses on Natural
Resources
Wildfires, environmental degradation caused by intensive use of natural resources, and
extinction of many wildlife species throughout the U.S. during the early 1900s contributed to a
nationwide conservation movement that lead to fire suppression policies, implementation of
game laws, and provided federal and state protection of wild lands (Robinson and Bolen 1984;
Lewis 1998; Brose et al. 2001). Furthermore, as resources (coal and timber) were depleted and
their extraction became more mechanized, local economies in the NERI area declined, resulting
in widespread unemployment and emigration. This population decline continued during the
1980s with the population in the counties surrounding NERI declining by 13% between 1980 and
1990 (Mott 1995). However, during the 1990s, only the population in Fayette and Summers
counties declined by 1% and 7.5%, respectively, while the population in Raleigh county
increased by 4% (U.S. Census Bureau, 2004.).
Since the end of the coal-mining boom, refuse and spoil-pile failures became less frequent and
most of the spoil piles left in the gorge are relatively stable today (Remo 1999). Most of these
piles have grown over with nonnative vegetation (J. Perez, 2004, NPS, pers. comm.). In some
locations in West Virginia, these mine-spoil and mine-refuse piles were stabilized by the use of
kudzu (Pueraria montana vat: lobata), an invasive, vining plant that was introduced from Japan
to prevent erosion and stabilize slopes in the southeastern United States (U.S.) during the 1920s1940s (Remo 1999). Another cultural relic of coal mining, abandoned mine portals, now provide
habitat to a variety of wildlife including rare species of bats, Allegheny woodrats (Neotoma
magister), and cave salamanders (Eurycea lucifuga).
The establishment of NERI as a unit of the NPS in 1978 may have helped stem the economic
decline of this region of West Virginia and has shaped land use within and around the park.
There are 28,636 ha (70,762 acres) within the authorized boundary of NERI, however, only 73%
of that was owned by the NPS in 2004. Therefore, land-use activities, such as logging, surface
mining, and construction not permitted by NPS authorizing legislation, still occur within the
authorized boundary of NEPJ.
Recreational activities that occur within the park, including rafting, hiking, fishing, hunting,
biking, and rock climbing, have the potential to impact natural resources. For example, whitewater rafters may negatively affect natural resources at day-use and overnight recreation sites
(Leung and Marion 1998). These day-use sites, located along the banks of the New River, are
devoid of understory vegetation, which may contribute to soil erosion (Leung and Marion 1998).
Access to, and use of the New River by anglers has contributed to the increase in nonnative
species in NERI today, due primarily to the escape of nonnative fish from bait buckets. Due to
these introductions, the species richness offish in NERI is almost doubled from an historical
perspective. In particular, the least brook lamprey {Lampetra aepyptera), telescope shiner
(Notropis telescopus), whitetail shiner (Cyprinella galactura), spottail shiner (Notropis
hudsonius), margined madtom (Norturus insignis), variegate darter (Etheostoma variation), and
several species of crayfish have been released into the New River from bait buckets (Purvis et al.
2002). Nonnative species of brown trout (Salmo trutta) and rainbow trout (Oncorhynchus
mykiss) are stocked by the state in the tributaries of the New River (Purvis et al. 2002). The New
River main stem contains nonnative fish species that were introduced purposefully by the state
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(e.g., smallmouth bass [Micropterus dolomieu], largemouth bass [Micropterus salmoides],
muskellunge [Esox masquinongy]), and those that were accidentally released by anglers (Purvis
et al. 2002).
The land-use history of NERI shaped the landscape that we see today. For instance, disturbances
caused by logging, mining, settlement, and fire make the present forest communities in NEW
resemble those of the Appalachian Oak Forest region as described by Stephenson et al. (1993).
However, with the decline in fire due to active suppression and changing land use, mixedmesophytic forest coverage is increasing in NERJ and oak forests are declining. Additionally,
due to past land use, most of the forests in NERJ are young (<75 years old) and are recovering
from logging and intensive fires (Vanderhorst 2001). Because the forests are so young, there is
little accumulation of woody debris in most forest stands. As forest succession continues,
however, woody debris will accumulate and the mixed-mesophytic forest component will
continue to increase in NERI.
The construction of the Bluestone Dam and the resulting suppression of flood events continues to
alter the vegetation communities along the New River. The rare Appalachian flatrock
community is in decline (Mitchem and Johnson 2001), and disturbance-mediated riparian plant
species, such as running buffalo clover and Virginia spiraea are declining or have been extirpated
from the park (Bartgis 1989, Ogle 1991). In addition, the band of floodplain forest along the
New River (both within and outside the park) and its tributaries is narrowing as less severe flood
events limit the high-water mark along the waterways (Naiman and Decamps 1997).
Past settlement and resource extraction activities resulted in vast networks of roads, paved and
unpaved, that traverse the landscape of NERI. These roads permitted the export of resources out
of the region and facilitated the spread of nonnative plant species into the region. Nonnative
plants, such as kudzu, purple loosestrife (Lythrum salicaria), Japanese knotweed (Polygonum
cuspidatum), Japanese honeysuckle (Lonicera japonica), garlic mustard (Alliaria petiolata), treeof-heaven (Ailanthus altissima), privet (Ligustrum sinense), and paulownia (Paulownia
tomentosa), are particular problems along railroads, roads, and trails in NERJ.
Current and past human settlement and their infrastructure (or lack of infrastructure) also
influence natural resources within the park. Improper treatment and disposal of human sewage
damages water quality in NERJ (Purvis et al. 2002). Non-point-source pollution from
agriculture, urban areas, and highways also threatens water quality. In addition to municipal and
industrial discharges, ongoing coal-mining operations, natural gas operations, abandoned
landfills, and railway lines threaten aquatic resources in the park (Purvis et al. 2002).
Despite current threats to natural resources at NERJ and the history of damaging land-use
practices, NERJ lies within the only extensive region of interior, relatively unfragmented,
midlatitude forest in the world (Ritters et al. 2000). The forests in and around NEW support, as
they did during pre-European settlement, diverse populations of neotropical migratory birds and
may be the source population for the cerulean warbler (Dendroica cerulea), a species that is
declining in other parts of its range (Rosenberg et al. 2000). In addition, NEW supports a large,
stable population of Allegheny woodrats, a species in decline throughout the Appalachians
(Michael and Voytko 1990). The woodrat and many species of bats and salamanders may
depend, partially, on the accessibility of abandoned mine portals found throughout the park
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(Castleberry et al. 2002; Wood et al. 2002). Furthermore, populations of game species, such as
white-tailed deer, black bear, and wild turkey, continue to increase in the park and are more
numerous today than historically (WV DNR 2003). A key component in conserving the forest
resources of NERI will be designating portions of the park as areas that can be protected from
the influences of forest fragmentation and permitted to mature into mixed-mesophytic forest.
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Natural Resource Assessment
The natural resources evaluated as part of this natural resource assessment fall into five main
categories: 1) air, 2) geologic and geomorphologic, 3) water, 4) plant (including communities
and processes), and 5) animal. Within each of the five resource categories, several subcategories
(e.g., mammals, birds) were recognized and examined. The following items were identified for
all natural resources:
• current status and significance, including rare resources
• gaps in knowledge
• threats
• general research and management recommendations
Air Resources
Air Quality (Including Acid Ddeposition)
Current Status and Significance: The effects of human-made air pollution on natural resources at
NERI have not been well studied. Under the Clean Air Act, NERI is designated as a federal
Class II area and moderate air quality deterioration associated with well-managed industrial
growth is permitted in these areas. In Class II areas, however, air pollution concentrations may
not violate any of the National Ambient Air Quality Standards (NAAQS) set by the EPA to
protect human health and welfare (Bunyak 1993).
In order to effectively monitor air pollution, it is necessary to both monitor the concentrations of
pollutants in the air and assess the effects of those pollutants on park resources (NPS 2001). If a
park does not monitor air pollution, representative data from outside the park also can be used to
describe park air quality (NPS 2001). There are a number of national and state programs that
monitor pollutants of primary concern to the NPS. These programs include: 1) the National
Atmospheric Deposition Program/National Trends Network (NADP/NTN), a nationwide
network of precipitation chemistry monitoring sites, 2) the Clean Air Status and Trends Network
(CASTNet), the nation's primary source for atmospheric data to estimate dry acidic deposition,
and 3) state- and federally-operated ozone and particulate matter monitors.
Aldehoch (2003) reviewed recent air quality data collected within the NERI region that was
reported to the EPA Aerometric Information Retrieval System (AIRS). Data types reviewed
included ozone (O3), sulfur dioxide (SCT), and fine mass particulate matter (air-bom particles
less than 2.5 //m in diameter; PM2 5). These three parameters were chosen because each is
currently monitored close to NERI, and each is monitored on a regional scale. Because there are
currently no air quality monitors at NERI, surrogate AIRS monitoring sites were adopted to
represent, as closely as possible, the conditions present at the park. In addition, data from AIRS
sites located within 241.4 km (150 mi) of NERI were reviewed to better understand regional
patterns in air quality (Aldehoch 2003). Three to three and a half years worth of data was
reviewed at all sites (2000-2003).
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The AIRS monitoring sites selected for each parameter are listed below:
• Ozone (0 3 ) - AIRS site 54-025-0003, located approximately 40.2 km (25 mi) northeast of
NERI in Greenbrier County, WV.
• S0 2 - AIRS site 54-039-0010, located approximately 96.6 km (60 mi) northwest of NERI in
Charleston, WV.
• PM 25 - AIRS site 54-081-0002, located approximately 16.1 km (10 mi) west of NERI in
Beckley, WV.
Ground-level ozone is a secondary pollutant formed by the photo-oxidation of nitrogen oxides
(NOx) and volatile organic compounds (VOCs). Ozone generation generally requires sunlight,
and therefore ozone typically shows a strong diurnal pattern. Consequently, it is not daily
average ozone but 8-hour daily cumulative ozone data that are most indicative of ground-level
ozone pollution. At the NERI surrogate site, however, only daily maximum hourly (not 8-hour
cumulative) ozone data were available. At this site, the daily maximum hourly ozone
concentrations averaged 60 parts per billion (ppb) during April, May, June, July, and August and
declined to approximately 50 ppb during September and October. All of the concentrations were
below the hourly NAAQS of 125 ppb. While monthly ozone values were not especially variable
at the NERI surrogate site, AIRS sites located throughout the mid-Atlantic region exhibit
considerable change throughout the ozone season. For example, at AIRS sites north of NERI,
daily maximum hourly ozone values are up to 15% lower than those recorded at the NERI
surrogate site during spring and late fall. At AIRS sites south of NERI, daily maximum hourly
ozone values are 15-25% higher than those recorded at the NERI surrogate site during summer
and early fall (Aldehoch 2003).
Although the surrogate AIRS site Aldehoch (2003) used for his assessment of ground-level
ozone at NERI indicated that daily maximum hourly ozone values did not exceed EPA standards,
additional data generated by the NPS Air Resources Division's Air Atlas project indicates that
ground-level ozone may be a potential problem in the park. The Air Atlas is a mini-GIS tool
available on the Internet that provides national maps and associated look-up tables that contain
baseline values of air quality for all NPS Inventory and Monitoring parks (including NERI) in
the U.S. (http://www2.nature.nps.gov/air/maps/AirAtlas/index.htm). These interpolated values
are considered more accurate than surrogate data from a distant site (Maniero, 2004, NPS, pers.
comm.). Based on Air Atlas interpolated data, there is the potential for exceedances of the
cumulative 8-hour EPA NAAQS at NERI. Air Atlas data indicate ozone levels could exceed the
8-hour standard of 85 ppb up to six times per year. In addition, Air Atlas data suggests that
NERI could experience hourly ozone concentrations that are high enough to contribute to foliar
injury in sensitive plant species.
SO2 is an air pollutant that is a product of fossil fuel, primarily coal and oil combustion. The
AIRS surrogate site for SCE is further from NERI than the ozone sites, and it could be argued
that it is not highly representative of air quality conditions at NERI. Monthly averages of S0 2 at
this site are relatively consistent throughout the year and range from an average of 9 ppb (during
August and September) to 12 ppb (during November). These readings are below the EPA annual
mean standard of <30 ppb. Regionally, many surrounding AIRS sites exhibit significantly lower
monthly SO2 than those recorded at the NERI surrogate site (half of the sites are lower by 1550%, half are lower by more than 50%). During December and January there are several AIRS
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sites in northern and northwestern West Virginia that exhibit higher monthly SO2 than that
recorded at the NERI surrogate site (some up to and greater than 50%) (Aldehoch 2003).
Fine mass particulate matter (air-bom particles less than 2.5 jum in diameter; PM2.5) is an air
pollutant associated with fossil fuel combustion, industrial development, and mining activities
and is a leading cause of human respiratory illness (Environment Canada 1998). PM2.5 is lowest
at the NERI surrogate site in winter (~10j/g/nV) and highest in summer (~20/vg/m3). Although
the surrogate site does not exceed the annual mean standard of 15/rg/m , during the summer
PM2 5 is higher than the EPA standard. Regionally, few AIRS sites throughout the year report
lower monthly PIVE 5 values than those recorded at the NERI surrogate site. During summer
many nearby AIRS sites experience similar PM2 5 values to the NERI surrogate site. During
winter many nearby AIRS sites experience higher PM2.5 values than the NERI surrogate site
(Aldehoch 2003).
The National Oceanic and Atmospheric Administration (NOAA) developed the Hybrid-Single
Particle Lagrangian Integrated Trajectory (HYSPLIT) model for predicting particle dispersion
and deposition (air pollution) during meteorological conditions. HYSPLIT can be run to
generate forward or backward trajectories using several available meteorological data archives.
Aldehoch (2003) used HYSPLLIT to run 72-hour meteorological back trajectories from NERI
for 2000 through 2002, coinciding with those days that had 5% highest and 5% lowest hourly
ozone, SO2, and PM2.5 concentrations measured during those years at the surrogate site. The data
archives used in this analysis were the National Weather Service's National Centers for
Environmental Prediction Eta Data Assimilation System (EDAS) archive. The low pollution
days (5% lowest ozone, SO2, or PM2.5) trajectories were shown to originate most often in the
western U.S. or Canada, while the high pollution days (5% highest ozone, SCT, or PM2 5)
trajectories were shown to originate most often within approximately 804.7 km (500 mi) of the
NERI surrogate site (primarily from midwestern and southeastern states). High pollution day
trajectories were often slower moving, indicating more stagnant meteorological conditions in the
region during those periods.
Although not studied within NERI, atmospheric deposition of sulfate, nitrate, and ammonium
can acidify soils and surface waters, which can have negative consequences for fish, plants, and
other biota. The EPA's National Atmospheric Deposition Program/National Trends Network
(NADP/NTN) operates a monitoring station in Babcock State Park (7 km [4.3 mi] east of NERI)
that automatically measures sulfate, ammonium, and nitrate concentration in precipitation and
calculates deposition rates. This monitoring station has been in place since 1983 and site data
indicate that sulfate concentration and deposition have decreased over the past 20 years, there
has been no overall trend in concentration and deposition of nitrate, and there has been a slight
increase in concentration and deposition of ammonium. In addition, data on dry acid deposition
is available from an EPA Clean Air Status and Trends Network (CASTNet) site located in
Eggleston, Virginia (50 km [31 mi] southeast of NERI). This monitoring site has been operating
since 1989 and site data show a slight increase in dry nitrogen deposition and no trend in dry
sulfur deposition.
Threats: Ozone is injurious to human health as well as to vegetation. It is an eye, nose, and lung
irritant and causes damage to plants, including potential reductions in tree basal area, and
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potential shifts in species composition. In addition, ozone can cause foliar injury that may result
in tree growth reductions (Chappelka et al. 1996). Ground-level ozone is a particular concern for
national park lands including NERI, because remote forested areas can experience greater
cumulative ozone exposure, higher minimum values, and higher maximum concentrations than
the upwind urban and industrial areas where most of the pollutant sources are located (NPS
2003). In many places, ozone concentrations tend to increase with elevation and this can lead to
higher levels of ozone in mountainous locations (Brace and Peterson 1998; Aneja et al. 1991). In
addition, increased vehicle use in and around the NERI region can contribute to increased ozone
levels in the park. Other potential sources of ozone pollution in the NERI region are highway
development and power plant operations.
Sulfur dioxide (S0 2 ) is a precursor pollutant which causes acidic deposition and can contribute to
visibility degradation. S0 2 also is injurious to plants and is characterized by leaf bleaching and
chlorosis, necrotic lesions, and early senescence (EPA 2002). Prolonged exposure can weaken a
plant, making it susceptible to pathogens. Some plant species are sensitive to chronic exposures
as low as 25 ppb (Treshow and Anderson 1989). Mining activities and power plant operations
can increase S0 2 levels in or near NERI.
Small or "fine" particles in the air, typically those less than 2.5 micrometers in diameter (PM2 5 ),
are present everywhere, but high concentrations and/or specific types have been found to present
a serious danger to human health. Fine particles are easily inhaled deeply into the lungs where
they can be absorbed into the bloodstream or remain embedded for long periods of time.
Particulates are especially harmful to people with lung disease, such as asthma, chronic
bronchitis, and emphysema, as well as people with heart disease. Exposure to particulates can
trigger asthma attacks and cause wheezing, coughing, and respiratory irritation in individuals
with sensitive airways. Increased industrial development, mining activities, and/or power plant
operations can increase PM 25 levels in or near NERI.
Acid deposition may have negative impacts to natural and, perhaps, cultural resources in the
park. Loss of abundance and diversity offish and macroinvertebrates have been documented
from Appalachian streams exposed to high levels of acid deposition and corresponding acidity
(Herlihy et al. 1993). Most NERI streams are well-buffered (pH 7.5-8.5), indicating little effect
of acid deposition (Purvis et al. 2002). In terrestrial environments, acid deposition may acidify
soil associations found in NERI and could potentially affect vegetation community development
by causing forest degradation, especially in areas where soils have a low acid-neutralizing
capacity. Sources of acid deposition in and around NERI include vehicle use and industrial
development including power plant operations.
Gaps in Knowledge: The use of surrogate sites to represent the air quality in NERI should be
used with caution. Because no monitoring occurs within the park, the actual ground-level ozone,
S0 2 , and PM2 5 levels within the park are unknown. In addition, the closest S0 2 monitor to
NERI is in Charleston, approximately 96.6 km (60 mi) away. This monitoring site is likely
influenced by urban sources, and may well report S0 2 levels which are, on average, somewhat
higher than experienced at NERI.
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The estimation of acid deposition in remote areas such as those where NERI is located, is
difficult because all components of the deposition (rain, snow, cloudwater, dryfall, and gases)
have seldom been measured concurrently (NPS 2003). Currently, however, no monitoring of
acid deposition is being conducted in NERI, and therefore, the amount and forms of acid
deposition in the park are unknown. In addition, the effects of any acidic deposition on the
natural resources at NERI are unknown. In particular, it is not known whether the surface waters
of the park are susceptible to acidification from atmospheric deposition.
Suggested Management Recommendations:
• Ground-level ozone should be monitored within NERI. Ozone monitoring could be modeled
after programs established at Shenandoah National Park (SHEN) which monitors ozone at
one location within that park.
• The response of tree species to ground-level ozone exposure should be determined at NERI.
In particular, tree species, such as Virginia pine and pitch pine, that are declining in the park
and are sensitive to ground-level ozone should be monitored for signs of ozone-induced
foliar injury.
• If ozone levels increase in the park, NOx and VOCs (which contribute to ozone formation)
should be monitored within NERI and the major sources of these pollutants should be
determined.
• The nearby sources of SGF pollution in the park should be determined; although, data
indicate that SO2 is not a major pollutant at NERI.
• A monitoring program for PM2 5 and speciated PM2 5 should be established within NERI.
• West Virginia should join the EPA Speciation Trends Network (STN) which consists of
speciated PM2 5 monitoring sites across the country. Placing an STN site near NERI would
enhance the understanding of the park's particulate matter and visibility parameters.
• The pH and acid neutralizing capacity of streams at NERI should be continually monitored as
loss of abundance and diversity offish and macro in vertebrates have been documented from
streams exposed to high levels of acid deposition and corresponding acidity (Herlihy et al.
1993).
• The data generated by the automated sampling devices used by the National Atmospheric
Deposition Program/National Trends Network (NADP/NTN) located at Babcock State Park
should be continually evaluated to determine trends in sulfur and nitrogen (including
ammonium) concentration and deposition.
• Data on dry deposition should be collected at NERI. Perhaps an EPA Clean Air Status and
Trends Network (CASTNet) monitoring site can be established in the park.
Visibility (Haze and Dark Night Skies)
Current Status and Significance: Fine particles in the air are the main contributor to humancaused visibility impairment. Visibility degradation results from the scattering and absorption of
visible light by gases and particles in the atmosphere. Fine mass particulate matter has a greater
scattering efficiency, on a per mass basis, than coarse particles (particle between 2.5 and 10.0 /urn
in diameter). For a description of the annual trend of small or "fine"' particles in the air near
NERI (those less than 2.5 micrometers in diameter [PM2.5]), see the section in this report on air
quality. Fine air born particles not only decrease the distance one can see, they also reduce the
colors and clarity of scenic vistas. Moisture in the air enhances the impact, so areas in the
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Eastern U.S., with higher relative humidity, have worse visibility than areas in the arid West.
Local and regional haze is an important issue for the NPS. With the signing of the 1999
Regional Haze Rule, federal land managers are working with state and federal officials to
improve visibility in national parks.
The Interagency Monitoring of Protected Visual Environments (IMPROVE) Program operates a
nation-wide speciated aerosol monitoring network that supports research into aerosol loading and
visibility characteristics (CIRA 2000). Speciated aerosol monitoring is used to determine the
chemical constituents of air bom fine particulate matter. IMPROVE monitoring consists of 24hour integrated filter samples every three days. Speciated data allows for analysis of the
chemical composition of PM2 5 and the calculation of visibility-related parameters. Over the past
decade the IMPROVE program has developed a method for estimating light extinction from
speciated aerosol and relative humidity data. Extinction is a measure of the fraction of light lost
per unit length along a sight path due to scattering and absorption by gases. An increase in
extinction is equivalent to a decrease in visual range. Therefore, improved visibility is associated
with decreasing extinction and increasing visual range.
Aldehoch (2003) examined speciated data from three IMPROVE sites located nearest to NERI
(Dolly Sods Wilderness Area, WV, James River Wilderness Area, VA; and Linville Gorge
Wilderness Area, NC). All three sites exhibit similar patterns of highest extinction in summer
(160-175Mm* ) and lowest in winter and spring (45-75Mm"'). This is driven largely by summer
increases in ammonium sulfate. The analyses of speciated data revealed the following:
• Ammonium sulfate is the largest contributor to extinction (40-85%) in this region.
• Organic mass is generally the second largest contributor to extinction (5-20%) in this region.
• Ammonium nitrate contributes equally to extinction as organic mass in winter, but
significantly less in summer in this region.
• Natural atmospheric scattering contributes between 5 and 20% to total extinction, depending
on season in this region.
• Soil and coarse particles together contribute less than 5% to total extinction in this region.
In addition to the data available from the IMPROVE Program, visibility monitoring using an
automatic camera system was conducted at NERI from 1995-2000. The automatic camera
system was installed at the Grandview Air Visibility Monitoring Station and viewed Hump
Mountain, 16.5 km (10.3 mi) to the east. The camera system was programmed to take 35mm
slide photographs three times each day (at 0900, 1200, and 1500 local time) of the selected vista.
Several targets at various distances from the monitoring station were identified.
A primary goal of visibility monitoring is to qualify how well a vista can be viewed by an
observer some distance away. Impaired visibility is most often apparent by the loss of color,
texture, or contrast of scenic features. For this reason, photographic monitoring and qualitative
photographic analysis remain an important part of visibility monitoring programs. When
photographic monitoring and analysis are combined with IMPROVE data, a better analysis of
local and regional haze can be determined. Qualitative photographic data can be used to
determine the frequency of hazes, plumes, or other observed visibility events. Photographic data
is also an effective tool for presenting monitoring program goals, objectives, and results to
decision makers and the public.
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The analyses of 35-mm slide data collected at NERI from 1995 to 2000 support the seasonal
pattern described by the speciated IMPROVE data (Aldehoch 2003). The vista in each 35-mm
slide was reviewed for visible haze events and haze events were judged to be "slight",
"moderate", or "considerable", depending on the appearance of selected targets. Summer
exhibited the poorest visibility, with slight, moderate, and considerable haze intensities occurring
43%, 20%, and 17% of the time, respectively. (The remaining 20% was made up of weather
concealed views or unusable slides.) The best visibility was shown to be in winter, with slight,
moderate, and considerable haze intensities occurring 64%, 4%, and 1% of the time,
respectively.
The visual environment of dark night skies has not been studied at NERI. However, the NPS is
obligated to preserve, to the greatest extent possible, the natural lightscape and dark night skies
of parks, which are natural resources and values that exist in the absence of human-caused light
(NPS 2001). Recent studies have indicated that light pollution may have adverse effects on
water quality, salamander foraging, migratory birds, and turtle breeding (Harder 2004).
Threats: The primary contributor to visibility impairment in the Eastern U.S. is sulfate, which is
emitted by coal-fired power plants and oil refineries, mining activities, and other industrial
sources. Other contributors include nitrates (from fossil fuel combustion), organics (from
automobiles and manufacturing facilities), and light absorbing carbon (from woodbuming). Soil,
from windblown dust, is a relatively small contributor to visibility impairment in the Northeast.
The primary threat to dark night skies in NERI is the use of artificial light in and around the park.
This lighting is often found in association with roads, buildings, and signage.
Gaps in Knowledge: Because only one visibility-monitoring site was established at NERI, the
effects of haze on visibility throughout the park are unknown. No studies on the effects of
artificial light on the natural lightscapes of NERI have been conducted.
Suggested Management Recommendations:
• Visibility monitoring using digital or 35-mm photography should be continued and expanded
at NERI. Trends in haze events over time then can be evaluated.
• West Virginia should join the EPA Speciation Trends Network (STN), which consists of
speciated PM2.5 monitoring sites across the country. Placing an STN site near New River
Gorge would enhance the understanding of the park's particulate matter and visibility
parameters.
• Advance visibility monitoring (e.g., transmissometer and aerosol samplers) could be
investigated and, perhaps, implemented at NERI.
• The prevalence and effects of artificial light on the natural lightscapes of NERI should be
examined.
• To prevent the loss of natural darkness NERI should not use artificial lighting in sensitive
habitat areas or other areas where dark-dependent natural resource components of the park
may be disrupted.
• NERI should seek the cooperation of park visitors, neighbors, and local government agencies
to prevent or minimize the intrusion of artificial light into the night scene of the park.
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•
•

NERI should work with communities surrounding the park to develop local Dark Night Sky
ordinances.
Unnecessary night lighting should be avoided and eliminated. Artificial lighting should be
restricted to those areas where security, basic human safety, and specific cultural resource
requirements must be met. Minimum impact lighting techniques should be utilized including
shielded light fixtures to prevent light spill over and use of low-intensity lights.

Natural Sounds
Current Status and Significance: The NPS is obligated to preserve, to the greatest extent
possible, the natural soundscapes of parks. Natural soundscapes exist in the absence of humancaused sound. The natural soundscape is the aggregation of all natural sounds that occur in parks,
together with the physical capacity for transmitting natural sound. Natural sounds occur within
and beyond the range of sounds that humans can perceive, and can be transmitted through air,
water, or solid materials (NPS 2001).
Threats: Noise from construction practices, traffic, logging, and human aggregation all are
potential threats to the natural sounds of NERI.
Gaps in Knowledge: No research on the natural soundscape of NERI has been conducted.
Suggested Management Recommendations:
• Determine sources of threats to the natural soundscape of NERI.
• In accordance with normal construction practice, noise-generating construction
equipment should be equipped with effective noise control devices (e.g., mufflers,
lagging, and/or engine closures). All equipment should be properly maintained to ensure
that no additional noise will be generated.
• Noise from construction activities should be limited according to the appropriate sections
of local ordinances.
• NERI should further prevent and/or minimize construction noise by managing its
intensity, frequency, magnitude, and duration in any one place on any particular day.
Geologic and Geomorphologic Resources
Geology (Including the Geological History of the New River
Current Status and Significance: Grafton and Grafton (1980) and Remo (1999) provide excellent
and thorough overviews of the geology of NERI. The most prominent geologic feature at NERI
is the New River Gorge. The New River Gorge is an erosional feature that is important from
geologic, historic, and natural perspectives. Size and topographic relief of the New River Gorge
within NERI make it an outstanding, nationally significant natural phenomenon (Lessing 1986).
Cutting 106.2 km (66 mi) through the Appalachian Plateau, the New River Gorge exposes over
1,000 m of rock (3,280.84 ft) representing the mid-Mississippian (340 million years ago) through
the upper-Pennsylvania (280 million years ago) geologic time periods (Lessing 1986; Suiter and
Evans 1999). The gorge cuts through several geologic formations, composed predominately of
sandstone and shale (Schwietering 1984). In the lower gorge, the New River cuts through hard
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Nuttal Sandstone, an uncommon sandstone type that is 98% quartz (Schwietering 1984). This
area of the lower gorge around Batoff Creek exemplifies one of the best exposures of upperMississippian through lower-Pennsylvanian strata in the area (McColloch 1986). The sandstones
of the upper Mississippian, a nonmarine group of rocks, are the oldest rock strata found along the
New River (Grafton and Grafton 1980; Suiter and Evans 1999). Some of these sandstones
contain natural gas deposits that are being explored by mining interests (Geologic Resources
Division 2003). Valuable sandstone containing 99% silica was extracted during construction of
the Hawk's Nest tunnel and this type of sandstone may have significance to the glass industry
due to its high silica content (Grafton and Grafton 1980).
According to geological records, the New River was the main headwater's branch of an ancient
watercourse called the Teays River (Grafton and Grafton 1980; Lessing 1986; Suiter and Evans
1999). The Teays River flowed west to an immense inland sea that covered the central part of
North America during the Mesozoic Era (Grafton and Grafton 1980). Because the New River
existed before the Appalachian Mountains, it was able to cut into them as fast as they were
uplifted, consequently maintaining its ancient course (Grafton and Grafton 1980). Mott (1995)
and Suiter and Evans (1999) stated that the New River is the only river that cuts through the
Appalachian Mountains instead of draining from or around them. However, the New River does
not completely cross the Appalachians (Lessing 1986). The New River actually flows north and
turns west only after it becomes the Kanawha River (Lessing 1986).
Geologic interpretations of rocks within the gorge and geological phenomenon associated with
the gorge indicate that the New River could be as young as three million years old or as old as
320 million years (Lessing 1986). The youngest rocks in the gorge were deposited at or near sea
level 320 million years ago. However, if erosion rates are used to date the gorge, then its age is
between two to three million years old (Lessing 1986). If the New River is 320 million years old
it would be the second oldest river in the world, second only to the Nile in Egypt or to the Finke
in Australia. Despite questions regarding the age of the New River, it is probably one of the
oldest rivers in the Appalachians (Fridley 1950; Grafton and Grafton 1980).
In the process of forming the gorge, the New River sliced into and through coal-bearing
Carboniferous period sediments, some of the thickest through which any river flows. The
configuration of the gorge permitted these coal seams to be exposed. This exposure not only
alerted people to the presence of coal in the area, but also permitted its relatively easy removal
and led to the industrialization (including settlement and transportation development) of the area.
Coal extracted from the area is bituminous and low in sulfur content, making it easily converted
to coke. Because of the low sulfur content of the coal, acid mine drainage is not a serious
problem in the gorge (Grafton and Grafton 1980; Mott 1995). One seam of coal found in the
area, Sewell, is of global significance because of its exceptional quality due to its low sulfur
content. Sewell coal type has few metal impurities and a high heat value.
An important plant fossil, a seed fern (Mariopteris muricata), that indicates the separation
between two geologic ages within the Pennsylvanian period is present in the gorge (Gillespie et
al. 1978; Grafton and Grafton 1980). Because of the good preservation of this fossil the gorge is
not only a source of minerals, but also an excellent resource for geologic/paleo environmental
studies.
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Threats: Some of the sedimentation and erosion that occurs in the gorge portion of NERI may be
exacerbated by past and current human activities such as rock-climbing, road construction, and
other land use.
Gaps in Knowledge: The baseline erosion rate for the gorge is unknown; therefore, it is difficult
to determine how much current erosion rates are affecting the gorge. In addition, the effects of
land use and human activities (e.g., hiking and rock-climbing) on sedimentation within the gorge
portion of NERI need to be better understood.
Suggested Management Recommendations:
• Review historic photographs (1930s, 1950s, and 1970s) to establish past landslide locations
within the gorge and to establish a baseline erosion rate.
• Determine the effects of roads, trails, and recreational activities on erosion rates in the gorge.
Soils
Current Status and Significance: The major soil association at NERI is the Steep RocklandDekalb-Gilpin Association (Grafton and Grafton 1980; Remo 1999). This soil association is of
moderately deep silty or sandy loams that are usually well drained, very stony, and strongly
acidic (NPS 1982; Mott 1995). The Calvin-Gilpin Association is also present within the New
River Gorge portion of NERI. Soils of this association are moderately deep, well drained,
medium-textured, and sloping to very steep soils present on uplands and mountains (Suiter and
Evans 1999). Most of the soils in the park lie on steep (40-75%) slopes.
Soil analyses conducted by Fortney et al. (1995) indicated pH, calcium, magnesium, phosphorus,
potassium, manganese, zinc, and nitrogen tend to increase from higher to lower positions on
slopes in the gorge. However, aluminum tended to be highest near tops of slopes.
Threats: Major soil associations found at NERI have severe erosion potential when destabilized.
Due to slopes and erosion, soils may be very shallow and erode quickly in some areas.
Gaps in Knowledge: Some soil survey information from 1975 and 1984 has been scanned and
digitized to make the data available for GIS application. However, soil survey data is only
mapped for about half of the park.
Suggested Management Recommendations:
• Create an updated, GIS-based soil map.
• Examine soil profiles to look for burying of A soil horizons or truncated A soil horizons.
These soil profiles can provide indications of how sedimentation processes are occurring or
changing within the gorge portion of NERI.
Mass Movement
Current Status and Significance: Sedimentation is related to precipitation, topography,
waterflow, land-use history, human activities, and slope composition in the large, complex,
interconnected system found at NERI. Remo (1999) conducted a thorough study on the geologic
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controls of mass movement (rockfalls, landslides) in the New River Gorge portion of NERI. His
research showed that these mass movements and the resulting disturbance regime and
sedimentation have an important impact in a high-relief area, such as the New River Gorge. The
New River is the most influential factor affecting the location and orientation of these massmovement deposits (Remo 1999). In particular, mass movements occur frequently on the
outside of river bends due to the undercutting of slopes by the river (Remo 1999). Remo (1999)
also found that mass movements occurred along stress-release and tectonic joints within the
gorge.
Threats: Disturbances resulting from human activities may influence mass movements. For
instance, many historic and recent landslides in the lower gorge are found below an outpouring
of water from abandoned deep mines and are also associated with spoil and refuse piles from
strip and deep mining (Remo 1999). Despite the human disturbance associated with the land-use
history of the gorge, mass movement events in the gorge reflect regional rates of mass
movements and do not exceed them (Remo 1999). Mass movements have occurred for millennia
in the gorge and are part of the natural disturbance regime in the park.
Many heavy metals, nutrients, and organics are largely transported as absorbed contaminants on
sediment rather than in solution (D. Chambers, 2003, USGS, pers. comm.). If contaminants
were released through mining or other land uses, they may be absorbed onto sediments that later
are deposited downstream via mass movements, both as streambed sediment and as over-bank
sediment. Sediment-bound contaminants are also a significant water-quality issue. In-stream
deposits of contaminated sediments can represent persistent sources of contaminants as the
contaminants are disassociated from sediments according to equilibria principles (D. Chambers,
2004, USGS, pers. comm.). The potential for this sort of contamination could potentially
compromise the biota of NERI as these contaminated sediments can be ingested by benthic
invertebrates and thereby enter the food web.
Gaps in Knowledge: Additional research should be conducted to better understand mass
movement processes in NERI. An understanding of sedimentation dynamics will help
understand the mass movements and their effects on ecological processes within NERI.
Suggested Management Recommendations:
• Establish a landslide and flood damage inventory and monitoring program for the gorge that
is GIS based. The purpose of this program is to determine hazard zones within the gorge and
avoid development and use of the zones.
• Conduct yearly analysis in March of satellite and photographic imagery of the gorge to
determine if new landslides and/or flood damage has occurred.
• A detailed map of all major debris flows, including landslides and rockslides, should be
prepared, and the historic versus current frequency of events estimated.
• Conduct water and sediment sampling upstream and downstream in NERI (some data are
available from USGS for Piney Creek, Hinton, and Thurmond); if dangerous levels of
contaminants are found, conduct systematic sampling to find source area and mitigate as
appropriate.
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Water Resources
New River Main Stem
Current Status and Significance: The New River within NERI is regionally significant from a
recreational perspective. The stretch of river from Hinton to Sandstone Falls is one of the most
popular fishing areas in West Virginia (Buhlman 1990) and white-water rafting trips through the
park support a $29.4 million/year industry. In addition, the banks of the New River and its flow
dynamics support a globally rare habitat type, the Appalachian flatrock community. Finally, the
New River may be globally significant from a geologic/hydrologic perspective due to its age. As
discussed previously (see section on Geologic and Geomorphologic Resources), the New River
may be one of the oldest rivers in the world (Lessing 1986).
The New River begins at the confluence of the North and South Forks in the Blue Ridge
Mountains near Blowing Rock, North Carolina (Purvis et al. 2002). New River generally flows
northward for 402 km (250 mi) to Gauley Bridge, West Virginia, where the Gauley River joins it
(Purvis et al. 2002). NERI contains an 85-km (53-mi) stretch of the New River. The average
gradient of the New River over its entire course is about (2.46 m/km) (13 ft/mi). Within NERI,
the average gradient is about 1.99 m/km (10.5 ft/mi) (Purvis et al. 2002). A variety of habitat
types within the New River, including runs, riffles, pools, pool edges, and environments created
by submerged snags, support a diversity offish and other aquatic wildlife (Purvis et al. 2002).
NERI is situated between two impoundments, Bluestone Lake upstream and Hawks Nest Lake
downstream (Flug 1987). Bluestone Dam was constructed in the late 1940s for flood-control
purposes (Purvis et al. 2002). This dam is managed by the U.S. Army Corps of Engineers in a
'Tun of river" fashion (as much water is let out of the dam as flows into Bluestone Lake). The
dam has been successful in reducing flood peaks by at least 50% but has a sizable effect on other
biophysical processes. In particular, mean winter flows have been greater and mean summer
flows smaller than historic rates of flow (Flug 1987; Purvis et al. 2002). Much of this alteration
in riverflow results from the hydroelectric generation activity at the nonfederal Claytor Dam
farther upstream, and through efforts to keep lake levels relatively constant within Bluestone
Lake (Mott 1995). More recently, releases from the Bluestone Dam are timed to support the
multi-million dollar rafting industry (Flug 1987).
The USGS operates several streamflow gauging stations in NERI. Two continuous gauges (New
River at Thurmond, New River at Hinton) are located within the park (Purvis et al. 2002).
Streamflow characteristics from these gauges are summarized and published annually (Purvis et
al. 2002).
Wiley and Cunningham (1994) presented flood characteristics based on regulated flow
(following the construction of the Bluestone Dam) for the New River within NERI. For
unregulated flow, they estimated that the 100-year flood discharge rate ranged from 3,029.9
m3/sec (107,000 ft3/sec) at Hinton to 4,247.5 m3/sec (150,000 ft3/sec) at Fayette. These 100-year
flood historical discharge rates contrast to peak discharge rates for unregulated flow (based on
data collected after the construction of Bluestone Dam) of 1,387.5 m3/sec (49, 400 ft3/sec) at
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1.1-year intervals and 2,987.4 m3/sec (117,000 ft /sec) at 3-year intervals at Fayette (Wiley et al.
2002).
Threats: Changes in flow dynamics brought about by the construction of Bluestone Dam may
have adverse affects on the physical and biological attributes of the New River. For example,
decreases in the extent and frequency of major flooding events have altered the riparian and instream vegetative and the geomorphological structure of the river (Purvis et al. 2002). In
addition, changes in flow dynamics have affected the location and composition of gravel bars in
the New River (D, Chambers, 2003, USGS, pers. comm.). Gravel bars are important habitat for
mussel communities and changes in flow dynamics may affect these communities.
Flood regime alteration by large dams facilitates invasions by nonnative organisms that might
not otherwise survive extreme flows (Lytle and Poff 2004). Furthermore, manipulation of flood
and drought timing in regulated rivers can change fish distributions by favoring species that
spawn only during certain times of the year (Lytle and Poff 2004).
Another potential threat to the physical and biological attributes of the New River associated
with Bluestone Dam is debris build up behind the dam. In response to NPS and rafting industry
concerns, the U.S. Army Corps of Engineers is experimenting with ways to separate trash from
natural debris and pass the natural material through the penstocks while disposing of the trash in
a landfill (Mott 1995; J. Purvis, 2004, NPS, pers. comm.).
The New River is negatively affected by trace metals (antimony, cadmium, lead, mercury, and
thallium), sedimentation, trace chemical elements (arsenic, beryllium, chromium, copper,
cyanide, fluoride, nickel, silver, sulfate, and zinc), and acidic runoff (Purvis et al. 2002). Water
quality monitoring programs conducted by resource managers at NERI have provided valuable
insight into the nature of the contamination of the New River in the park.
The main stem of the New River also is adversely affected by fecal coliform contamination
(Wilson and Purvis 2003). Water quality monitoring at sites along the New River indicate that
water quality can become impaired by fecal coliform contamination during periods of high
turbidity, 48-hour precipitation, and high discharge events (Purvis and Wilson 1999; Wilson and
Purvis 2003). Since 1990, samples taken at seven sample locations along the New River have
exceeded state fecal coliform standards 7-14% of the time (Wilson and Purvis 2003).
Herbicides used to control vegetation around roads, railroads, and cultural resources, and to
control normative plants, may be washed into the New River during heavy rains. Michael and
Smith (1988) evaluated the toxicity of herbicides used in NERI on fish and wildlife. Most of
their research focused on the potential effects of the herbicides 2,4-D and glyphosate, and they
concluded that these herbicides probably would not cause great harm, for the short-term, to
wildlife except for the early life stages offish. However, harmful effects to the early life stages
offish could negatively affect recruitment and therefore have population level effects. The most
pressing concern regarding herbicide application is that the CSX rail line is located less than 15
m (50 ft) from the New River and herbicide spraying along this line is often done in mid-May, a
critical time of year for young fish. Michael and Smith (1988) also indicated that diesel fuel.
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sometimes used as an herbicide carrier, is very toxic to embryonic birds and its use in NERI
should be discouraged.
Gaps in Knowledge: In order to maintain historic ecological and geomorphic processes,
riverflow sufficient to maintain, flush, and transport sediments is critical. There are no data
currently available about sedimentation transport and deposition along the New River. These
data would indicate how the dam has affected sedimentation transport, aggradation, degradation,
scouring, and entrainment processes along the New River and its tributaries. In addition,
changes in flow dynamics may also be causing geomorphological channel alterations, but there
are no studies examining this question. Furthermore, there are no data available that indicate
what base flow is needed to maintain aquatic communities in New River.
Despite studies that indicate that the Bluestone Dam has decreased flood events in NERI, it is not
clear how a reestablishment of catastrophic flood events would affect the natural resources of
NERI today. Controlled discharges potentially could be dangerous to human life and property
located along the New River. Great care and rigorous study would have to be conducted prior to
implementing any controlled flooding regime. Floods have been recognized as the primary
geomorphological agent shaping the fluvial environment, and have an important role in
controlling the pattern of riparian vegetation along channels (Johnson et al. 2000). Johnson et al.
(2000) concluded that transported sediments, water inundation and scouring, and floated wood
(due to riverside treefalls and logging) all contributed to flood disturbance. Legacies of previous
floods and historic land-use practices influence how floods affect riparian environments. In
areas with a history of logging several factors, including the presence of logging roads, the
removal of large trees from hillslopes and riparian areas, and the accumulation of considerable
amounts of logging slash in streams, can contribute to debris flows caused during flood events.
These debris flows often led to the toppling and uprooting of large or old-growth streamside
trees (Johnson et al. 2000). The importance of pre-flood site condition and historical legacies is
critical in understanding riparian responses to floods. The type of riparian forest present prior to
a flood is a result of previous floods and land-use practices, and strongly influences the dynamics
of flood-forest interactions (Johnson et al. 2000).
The New River Gorge floods of July 2001 provide some insight into how severe flood events can
affect natural and cultural resources in the current NERI environment. These floods caused
extensive damage to property including cultural resources, roads and trails, buildings, and
surface water quality (NPS Resource Assessment Team 2001). Debris flow from these flood
events caused extensive soil erosion, restructured some stream channels, and caused severe
sedimentation, often due to mass-movement events located below old mine sites (NPS Resource
Assessment Team 2001). Extreme sedimentation from floods may have negative effects on the
rare Appalachian flatrock community (NPS Resource Assessment Team 2001). Although this
community type is maintained by the scouring action of flood events (Norris 1992), erosion and
sedimentation from floods could also bury existing vegetation. For example, during the floods of
2001, newly deposited alluvial fans at the mouth of some tributaries measured 4.6 m (15 ft) thick
(NPS Resource Assessment Team 2001). Water samples taken after the flood indicated that
fecal coliform bacteria in the New River exceeded acceptable recreational use standards (NPS
Resource Assessment Team 2001). Aquatic life, including small fish and macroinvertebrates,
were markedly absent from the most severely scoured tributaries, and overall species diversity
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was reduced in all tributaries (NPS Resource Assessment Team 2001). In addition, these floods
caused a loss of woody debris from tributaries that could severely alter the refugia for
salamanders (NPS Resource Assessment Team 2001).
There is little information available about how proposals for hydropower development that have
been put forth at the Bluestone Dam could affect the New River (Mott 1995). Power generation
would take advantage of existing release patterns and should not cause new management
concerns; although daily fluctuations in dam release could become more common and potentially
affect fish, molluscan, and water plant communities (Jirka and Neves 1987; Lobb and Orth 1987;
Mott 1995). To date, however, there is no indication that the impoundment of the New River has
caused any fish extirpations (Jenkins and Burkhead 1994). Hydropower generation at Bluestone
Dam may inadvertently increase eutrophication of the New River as water retention times behind
the dam may increase (U.S. Army Corps of Engineers 1985).
Suggested Management Recommendations:
• Overall, there is a need to determine how regulation of waterflow by Bluestone Dam affects
New River flow characteristics, sediment movement, bottomland geomorphic features, and
aquatic and terrestrial habitat. One approach to assessing these effects would be to model the
floodplain reaches of the New River and its tributaries. In addition, historic (pre-dam)
floodplain boundaries could be compared with current boundaries to determine how the
flooding regime has changed since the dam's construction.
• The potential effects of reestablishing a periodic flood regime in the New River should be
considered. Current and historic land use, vegetation communities, and streambank stability
should be examined closely to determine if periodic floods in today's environment would
create desired (preindustrial) results.
• Continue water quality monitoring along the main stem of the New River.
• Provide thoughtful review of the effects of the Bluestone Dam on aquatic systems. If
necessary, seek mitigation for negative effects to aquatic resources from the U.S. Army
Corps of Engineers when Bluestone Dam comes up for relicensing.
• Gravel bars in the New River should be mapped and monitored so that the effects of
waterflow on this significant resource can be assessed.
Tributaries of the New River
Current Status and Significance: Within the park, over a dozen major streams are tributary to the
New River (Purvis et al. 2002). The total length of these streams within the park exceeds the
length of the New River in NERI. The West Virginia Department of Natural Resources (WV
DNR) stocks several of these streams with trout; therefore, these streams may provide a locally
significant recreational opportunity. Most of these streams are severely degraded due to a
variety of pollutants. However, Glade Creek supports a regionally significant wetlands complex,
the Kates Branch Wetland. Many of the tributaries enter New River at or near access sites used
by anglers, and put-in and take-out sites heavily used by white-water boaters, including over two
dozen commercial outfitters (Purvis et al. 2002). Most of these tributaries drain private lands
that are used for mineral (coal, oil, and gas) extraction, timbering, low intensity agriculture, and
commercial and residential development (Purvis et al. 2002). Currently water quality is
monitored on the following 11 tributaries within NERI: Madam Creek, Lick Creek, Meadow
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Creek. Laurel Creek, Piney Creek, Dunloup Creek, Arbuckle Creek, Coal Run, Keeny Creek,
Wolf Creek, and Marr Branch (Purvis et al. 2002).
Threats: The tributaries of the New River within NERI are negatively impacted by bacteria
(fecal coliforms), trace metals (antimony, cadmium, lead, mercury, and thallium), sedimentation,
trace chemical elements (arsenic, beryllium, chromium, copper, cyanide, fluoride, nickel, silver,
sulfate, and zinc), and acidic runoff (Purvis et al. 2002). Water quality monitoring programs
conducted by resource managers at NERI have provided valuable insight into the nature of the
contamination of tributaries in the park.
The most pervasive water resource issue at NERI is improper treatment and disposal of human
sewage (Purivs et al. 2002). Fecal coliform bacteria contamination is found at varying levels in
every tributary with higher concentrations exceeding West Virginia water quality standards by
three orders of magnitude (Mott 1995; Wilson and Purvis 2003). In addition, toxins and metals
associated with poorly or untreated municipal outfalls, combined with cumulative impacts from
other sources, are probably impacting biotic communities of the tributaries (Mott 1995). Fifteen
wastewater treatment plants discharge almost 34 million liters (nine million gallons) of treated
wastewater per day into tributaries of the New River within NERI (Purvis et al. 2002). Sewer
overflow systems release a combination of storm runoff and untreated sewage directly into
streams during storm events (Purvis and Wilson 1999; Purvis et al. 2002). Hydraulic overloads
and poorly designed or maintained wastewater systems also contribute sewage pollutants to
NERI streams. In particular. Madam, Piney, Dunloup, Arbuckle, Coal Run, Keeny, and Wolf
creeks, and Marr Branch have high levels of fecal coliform bacteria. On these tributaries, fecal
coliform counts exceeded the fecal coliform standard for contact recreation 34-100% of the time
in 2003 (Wilson and Purvis 2003).
Two pathogens often found in human and animal waste, Giardia and enteric viruses, were
detected in a reconnaissance study of Madam and Dunloup creeks in 2000 (Messinger 2002).
Although water samples were examined for the pathogens Cryptosporidium and Salmonella,,
they were not detected in the park (Messinger 2002).
Despite some evidence for coal mine discharges reaching the New River and its tributaries
(Messinger 1997), the low sulfur content of the coal mined in and around the park has prevented
acidity from becoming a wide-spread ecological problem in NERI (Grafton and Grafton 1980).
In general, pollutants including iron, manganese, and aluminum are consistently higher in
association with mining areas (Messinger 1997). Aside from contamination from metals,
sedimentation may also increase as a result of mining activities. For example, in the Kanawha
basin, sediment yields more than doubled in locations that supported large areas of surface
mining and road construction (Mott 1995).
Tributaries with mine runoff problems are Rush Run and Piney, Meadow, Wolf, Arbuckle,
Dunloup, and Peters creeks. For example, Dunloup Creek has been identified by the state of
West Virginia as an impaired waterway along its entire length due to aluminum contamination
from an unknown source, perhaps from an abandoned mine (Mott 1995). Wolf Creek has such
concentrated discharges of acidic mine waters that low pH values are a problem. On Wolf
Creek, fish kills due to low pH have caused the WV DNR to discontinue trout stocking in this
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tributary. The Meadow Creek tributary runs directly through a 121.9 m (400 ft) thick deposit of
mine waste; however, the waste pile has been stabilized and reclaimed by WV DEP (J. Perez,
2004, NPS, pers. comm.). Rush Run also has been impaired due to abandoned mine discharge
(Marshall 2001). In several other tributaries, metal-laden waters and sediment from barren,
unreclaimed mine spoils result in reduced habitat quality. Mine-land runoff and metals
contamination does not significantly affect the New River main stem because of dilution.
According to NERTs Land Protection Plan (NPS 1994), the shortage of economically
recoverable coal reserves, poor market conditions, and the establishment of regulatory programs
have all contributed to a sharp decline in coal mining activity in and adjacent to the park.
Abandoned mine lands inventories identified 115 abandoned coal mines in NERJ and most of
these sites are unreclaimed (Yuill 1988).
Gaps in Knowledge: Little is known about the biological resources of the New River tributaries.
For example, there is little information available about the effects of trout stocking on native
populations offish. In addition, these tributaries may provide refugia for rare species offish that
may have suffered population declines from natural or anthropogenic causes (Purvis et al. 2002).
The human waste entering the tributaries of the New River has four modes of input: sewage
treatment outfalls, improperly functioning septic systems, straight pipe discharges from
streamside residences, and heavy visitor usage in the river corridor where sanitary facilities are
lacking (Mott 1995). However, the percentage of waste coming from each source has not been
defined and the relative magnitude varies with hydrologic conditions (Mott 1995; Purvis and
Wilson 1999; Wilson and Purvis 2003). In addition, the nonhuman sources of the fecal bacteria
found in the tributaries need to be determined.
Leachate from the abandoned Fayette County Landfill, located at the head of Rush Run, may be
leaking into ground and/or surface waters in NERI (Mott 1995). Collection basins are installed
around the facility to trap surface runoff, but reportedly over flow on a regular basis. The park
has not received data from ground or surface water monitoring associated with this site (Mott
1995). Illegal roadside dumping of trash also occurs within the park and may move down-slope
to tributary drainages (Mott 1995).
Suggested Management Recommendations:
• Inventory biological resources of New River tributaries.
• Evaluate the effects of exotic trout stocking on the biological resources of the New River
tributaries (including effects on prey resources and other fish species).
• Continue water quality monitoring along tributaries of the New River in NERJ.
• Work with surrounding municipalities to improve wastewater treatment facilities and to
remove non-functioning septic systems.
• Conduct regular monitoring for microorganisms such as Girardia, Salmonella,
Cryptosporidium, and enteric viruses in the park so that public safety can be ensured.
• Monitor water quality in Rush Run and Arbuckle Creek to see if the Fayette County Landfill
and PCB-contamination, respectively, are affecting aquatic resources in these tributaries.
• Despite ongoing water quality monitoring, there is a need to determine how contaminants are
affecting water quality and biota in the park. Furthermore, research should be conducted to
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determine how contaminants move through NERI. For example, an understanding of how
sediments are transported, how mine spoils are re-mobilized, and how biota bioaccumulate
contaminants to the food chain in NERI is needed.
Groundwater
Current Status and Significance: In general, groundwater occurs in rock fractures and pore
spaces within unconsolidated sediments (Mott 1995). In and around NERI, however,
underground mine tunnels are so pervasive that a karst-like groundwater hydrology has formed
within many coalbeds (Mott 1995). Percolating groundwater can thus enter mine shafts and be
transported rapidly for great distances. Fracturing associated with these karst-like tunnels has
drained perched aquifers that once fed springs and associated wetlands (Mott 1995). Numerous
municipalities and private residences have located wells within abandoned mine shafts to extract
water from these artificial aquifers (NPS 1994). In 1990, only 20% of the water withdrawn from
the basin was groundwater indicating that groundwater supplies are not currently threatened from
overuse (Mott 1995). Precipitation is the major source of groundwater recharge at NERI (Purvis
et al. 2002).
Threats: Messinger (1997) concluded that coal mining discharges, sewage discharges, and
upward flow of saline groundwater has negatively affected groundwater quality in and around
NERI. These issues are exacerbated during low flow periods so that mine and sewage discharge
may have disproportionate impacts on the New River and its tributaries during a dry season
(Messinger 1997).
Gaps in Knowledge: More research is needed to determine the contribution and importance of
groundwater processes and springflow to the hydrology of the New River and its tributaries.
Suggested Management Recommendations:
• In order to determine the groundwater contribution to the hydrologic system at NERI
groundwater seeps and mine discharge locations should be identified and mapped into GIS.
• A groundwater monitoring program should be established at NERI to determine the quantity
and quality of groundwater in the park.
Plant Resources
The New River Gorge section of NERI supports a diverse, nationally significant assemblage of
flora. Suiter (1995) determined that the New River Gorge portion of NERI appears to be,
floristically, the most diverse river gorge in the central and southern Appalachians. This plant
diversity is due, in part, to extremes in moisture gradients available in the gorge (Fortney et al.
1995). Furthermore, several special rocky habitats occur within the gorge. For example, rocky
riverbanks are habitat for several rare and endangered plant species including Virginia spiraea,
and rocky outcrops, cliff faces, and many waterfalls create specific microclimates for a diversity
of plant species (Fortney et al. 1995). Many species of southeastern plants have colonized the
gorge due to the New River's orientation that runs from southeast and then northwest to the Ohio
River. In addition, many of the steep ravines found along the tributaries of the New River
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sustain cool moist environments that support species of plants normally found at much higher
elevations and latitudes (Fortney et al. 1995).
The botanical history of plant collecting in and around NERI is described in Suiter and Evans
(1999). Grafton and McGraw (1976) collected the largest number of taxa from this area. Suiter
(1995) documented a total of 904 taxa (species, subspecies, or varieties) of vascular plants from
a larger area that included the New River Gorge and the remainder of the lands within NERI.
Seventy-nine percent of the plants that Suiter (1995) documented in NERI are native to West
Virginia. His research brought the total known vascular flora for NERI to 1,342 species with 67
state rare taxa now known from the park (Suiter and Evans 1999). Suiter (1995) identified 11
natural vegetation communities in NERI with hemlock, tulip poplar/sugar maple, oak, and plant
species associated with the Appalachian flatrock community, cliff faces, sandstone outcrops, and
herbaceous wetlands being the dominant communities. Suiter (1995) also mapped localities for
rare plant occurrences within NERI.
Vanderhorst (2001) describes three major terrestrial plant communities and disturbance regimes
that influence plant communities at NERI: 1) riparian plant communities maintained by flooding
and the moist microclimate found along waterways, 2) plant communities of the steep gorge
slopes and cliff faces maintained by landslides and xeric conditions created by shallow soils of
these habitats, and 3) plant communities of the plateaus, rims, and shoulders maintained by fire
and gap dynamics, depending on the dominant species. Riparian plant communities include
floodplain forests and cove hardwoods found on the lower slopes of the gorge, hemlock forests
that are located along many tributaries, and the rare Appalachian flatrock community type.
Gorge slope communities include chestnut oak (Ouercus prinus)/b\ack oak (Quercus nigra) on
the upper slopes, pignut hickory (Carya glabra) and tulip poplar at midslope, and sugar maple
and northern red oak (Ouercus rubra) on the lower slopes (Fortney et al. 1995). Very steep
gorge slopes are sparsely vegetated and often contain red cedars, hemlocks, and chestnut oaks
that can persist on the shallow soil. Plant communities of plateaus, rims, and shoulders vary
depending on local site conditions. The major forest type on these environments is mixedmesophytic historically and oak-hickory today. Oak-hickory are declining from many of these
sites as natural succession, lack of human-induced disturbance, and site conditions favor the
mixed-mesophytic forest type (Fortney et al. 1995, Vanderhorst 2001). Rimrock pine
communities persist on the cliff tops and oaks continue to persist on xeric sites in the park,
although these community types may be declining due to suppression of fire in the park. At
NERI, plant communities are young (<75 years old), reflecting past land use disturbance and
natural disturbance regimes (e.g., flooding, landslides) (Fortney et al. 1995).
Using the U.S. National Vegetation Classification System approach, Vanderhorst (2001)
completed a mapping and distributional study of plant communities of the northern and southern
thirds of NERI. His research identified 27 plant communities including 13 forest and woodland
communities, one shrubland community, 10 herbaceous communities, and three sparsely
vegetated communities (Figure 3). Approximately 84% of NERI is dominated by forested land
cover, 6% is covered by riparian/floodplain/flatrock communities, and about 1% of the area is
occupied by communities, such as rimrock pines, old field, seeps, and herbaceous wetlands.
Approximately 7% of NERI is developed or disturbed by humans and includes strip mines,
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Figure 3. Maps depicting the locations of the following rare or significant vegetation
communities, north to south, within New River Gorge National River, West Virginia, 2004.
Figure 3A.
cliffs
forest seep
hemlock forest
riverscour flatrock (Appalachian flatrock community)
Virginia pine forests
Figure 3B.
cold cove forest
pitch pine woodlands
Figure 3C.
backwater slough
floodplain forest
high floodplain oak forest
riverscour prairies
Virginia pine forest
Figure 3D.
backwater slough
floodplain forest
high floodplain oak forest
riverscour prairie
Virginia pine forest
Figure 3E.
floodplain forest
high floodplain oak forests
riverscour prairies
Figure 3F.
cold cove forests
forest seeps
herbaceous wetland
shrub wetland
Figure 3G.
floodplain forest
riverscour flatrock (Appalachian flatrock community)
riverside flatrock woodlands
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Figure 3A. Locations of cliffs, forest seep, hemlock forest, riverscour flatrock
(Appalachian flatrock community), and Virginia pine forests within the northern-most
section of the park boundary.
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Figure 3B. Locations of cold cave forest and pitch pine woodlands within the northeastern section of the park boundary.

Figure 3C. Locations of backwater slough, floodplain forest, high floodplain oak
forest, riverscour prairies, and Virginia pine forests within the lower northern section of
the park boundary.
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Figure 3D. Locations of backwater slough, floodplain forest, high floodplain oak
forest, riverscour prairie, and Virginia pine forests within the uppermost central section
of the park boundary.
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Figure 3E. Locations of floodplain forest, high floodplain oak forests, and riverscour prairies within the lower central
section of the park boundary.

Figure 3F. Locations of cold cove forests, forest seeps, herbaceous wetland, and
shrub wetland within the southwestern section of the park boundary.
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Figure 3G. Locations of floodplain forest, riverscour flatrock (Appalachian flatrock
community), and riverside flatrock woodlands within the southeastern section of the
park boundary.
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railroads, residences, and roads. Distinctive communities in the northern portion of the park
include cliff faces and rimrock pine (Figure 3). Distinctive communities of the southern portion
of the park include large wetlands like those associated with Kates Branch.
Pauley et al. (1997) examined vascular flora associated with proposed development sites in
NERI. Rouse and McDonald (1986) conducted a rare vascular plant survey for NERI. They
provided a complete list of rare species found within NERI along with habitat requirements,
distribution, and management recommendations for each species (Rouse and McDonald 1986).
Norris (2002) comprised a plant species list for NERI that includes species of plants likely to
occur in the park but not yet documented. He determined that approximately 74% of the plant
species at NERI have been documented. A goal of park managers is to document 90% of plant
species for the park. In order to achieve this goal, researchers will have to begin scouting wide
areas for the express purpose of creating a complete floristic list (Norris 2002). These floristic
lists should be accompanied by vouchered specimens or photographs with locality and
surrounding habitat described (Norris 2002).
Unfragmented Forest
Current Status and Significance: The expanse of mixed-mesophytic forest in which NERI is
located is the largest remaining area of midlatitude forest in the world, making it a globally
significant resource (Ritters et al. 2000). This continuous span of mixed-deciduous forest
(comprised of both oak-hickory and mixed-mesophytic forest types) in NERI is approximately
96.6 km (60 mi) long by 3.2 km (2 mi) wide, one of largest in the nation (Ritters et al. 2000). In
NERI, approximately 84% of the land cover is forested and 65% of the forestland is classified as
interior forest based on categories described by Ritters et al. (2000). For comparison, statewide,
only 45% of the forestland would be classified as interior forest based on the same scale of
analysis (WV Gap Analysis Program 2003).
Vanderhorst (2003) performed a GIS analysis in order to identify large, unfragmented forest
blocks that contain a diversity of vegetation communities in NERI. These selected blocks
represent large, intact natural landscapes that could be targeted for conservation in NERI (Figure
4). To select these blocks, Vanderhorst (2003) mapped roads and rail lines to locate blocks of at
least 40.5 ha (100 ac) in size that did not contain roads or rail lines within the park. He chose
40.5 ha as the minimum size of blocks because a forest block must be at least 100 acres
(preferably 250 ac [100 ha]) in size to support a community of forest-interior birds (Robbins et
al. 1989). Forest blocks smaller in size will only support forest-edge species (Robbins et al.
1989).
After identifying all blocks >40.5 ha (100 ac), he then considered other fragmenting features,
such as utility corridors, stripmines, and landownership in the analysis. Finally, a spatial analysis
of elevation and Ecological Land Units (ELUs, a concatenation of geology, elevation, and
landform values) was conducted to calculate elevation range and ecological diversity for each
block.
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Figure 4. Selected blocks for conservation in New River Gorge National River.
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According to the analysis, about 91% of the area within the park's boundary is contained within
blocks greater than 40.5 ha (100 ac). About 83% is contained within blocks greater than 404.7
ha (1,000 ac). About 45% is contained within the four largest blocks that are each greater than
2,023.4 ha (5,000 ac) (Vanderhorst 2003).
Vanderhorst (2003) developed a portfolio of blocks representing ecological diversity and
geographic range of the park. Positive factors for ranking and incorporation in the portfolio
included block size, rail-less/roadless reaches of riverside, presence of tributary drainages,
ecological diversity (variety of ELUs, geology, aspect, elevational range, and presence of rare or
exemplary natural communities), and proximity of additional adjacent roadless area outside the
park boundaries. Rare or exemplary communities included in this analysis were hemlock forests,
Virginia pine forest, forest seeps, cliff communities, Appalachian flatrock community, cold cove
forest, pitch pine woodland, riverscour prairie, backwater slough, high floodplain oak forest,
floodplain forest, and shrub and herbaceous wetlands (Figure 3). Negative ranking factors
included areas of stripmines and long lengths of roads, length of utility corridors, and length of
block perimeter. Using this ranking approach, five blocks were chosen and mapped that
represent a large part of the ecological diversity and geographical range of the park (Figure 4).
Designation of these five blocks should not, however, infer a lesser value of any other roadless
and/or rail-less blocks in the park.
The five selected blocks were Glade Creek, Garden Ground Mountain, Mann's Creek-Fire
Creek, Big Branch, and Endless Wall (Figure 4). The individual blocks are described below:
• Glade Creek (4,115 ha [ 10,170 ac]) is the largest forest block at NERI identified by the GIS
analysis. The area extends from the railroad on river right across the river up to the plateau
top and includes a large proportion of the Glade Creek drainage. The block includes a long
roadless stretch of riverside on river left from Glade Creek upstream to Farley Creek. This
block includes one of the most extensive areas of plateau top within the park boundary. Rare
communities include riverscour prairie and high floodplain oak forest along the river, cold
cove forest along Glade Creek, and herbaceous wetlands, shrub wetlands, and forest seeps on
the plateau around Kates Branch. There are few stripmines, and most roads are abandoned or
restricted to pedestrian travel. The Glade Creek Road is currently closed due to landslides
but is likely to be reopened and maintained for recreational and administrative use. If
adjacent roadless areas outside the park boundaries are added, the size of this block is more
than doubled, increasing its conservation value.
• Garden Ground Mountain (2,822 ha [6,973 ac]) forest block extends from the railroad on
river right across the river and up to the plateau top. The most exceptional features of this
area are the extensive floodplain forests and roadless stretches of riverside on river left. Its
gorge slopes include contrasting northerly and southerly aspects created by the large, tight
radius meander the river has cut. The block also includes contrasting geologies due to its
position near the contact of the Pottsville and Mauch Chunk formations. Rare communities
include floodplain forests (high and low types), riverscour prairie, backwater slough, and
Virginia pine forest. There also is some old-growth forest in this block.
• Mann's Creek-Fire Creek (1,209 ha [2,989 ac] forest block is not entirely roadless in that it
contains Sewell Road, which is currently gated and impassable to vehicles due to washouts.
This block includes a large section of the Mann's Creek drainage and portions of Fire Creek
and Ephraim Creek. Although there is no river frontage in this block due to the active
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railroad that bounds the block on river right, the diversity of Ecological Land Units is the
highest of any block in the analysis. Rare communities include cold cove forest along
Mann's Creek and pitch pine woodlands. Much of the block is owned by West Virginia
(Babcock State Park). If adjacent roadless areas outside the park boundaries are added, the
size of this block is more than doubled.
Big Branch (1,943 ha [4,803 ac]) forest block represents a roadless landscape in the southern
part of the park. This block includes nearly the entire drainages of Big Branch, Kates
Branch, and Mill Branch, and the lower part of Fall Branch. The geology is predominantly
shale of the Mauch Chunck formation, which has eroded to a topography of rounded peaks
(the highest in the park) in contrast to the flat sandstone capped plateaus formed by the
Pottsville formation in the northern part of the park. The range in elevation in this block is
the largest of all blocks in the analysis. No rare communities have been identified within this
block but its mixed-mesophytic and oak-hickory forests are some of the most extensive and
least fragmented in the park. This block contains a high proportion of private lands and these
properties should be given high priority for acquisition or easement to preserve the integrity
of this block. If adjacent roadless areas outside the park boundary are added, the size of this
block is more than doubled, increasing its conservation value.
Endless Wall (546 ha [1,350 acres]), a relatively small block, is included because it contains
the best examples of cliff, Virginia pine, and hemlock communities found in the park.
Maintaining this area as a roadless/rail-less block will help limit impacts of heavy
recreational use that are already evident, especially in the cliff and pine communities.

Threats: The unfragmented character of the forested landscape within NERI is threatened by
roads and urban encroachment. In addition, because many of the lands within the park boundary
are in private ownership, forest fragmenting practices (e.g., logging, development, road-building)
on these in-holdings may threaten the continguous, unfragmented forests found in NERI.
Illegal and legal logging continues to occur within the authorized boundaries of NERI (NPS
1982; Gillespie Forestry Services 2002) and threatens all forests. In 2002, an illegal harvest of
black cherry (Primus serotina) and red oak on NPS lands occurred between Slater and Buffalo
Creeks (Gillespie Forestry Services 2002). Threats from logging include fragmentation of
continuous forest cover and erosion from logging roads.
Gaps in Knowledge: Potential and future land use of properties located outside the park
boundary are unknown. Development of these forested parcels will fragment the large
continuous block of forest in which NERI is located.
Suggested Management Recommendations:
• Minimize development of fragmenting landscape features within large, continuous forest
blocks at NERI.
• Prioritize private property acquisition and/or easements within large continuous forested
blocks at NERI.
• Work with local municipalities to control land use adjacent to large continuous forested
blocks at NERI.
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Mixed-mesophytic Forest
Current Status and Significance: The mixed-mesophytic forests of this region of the Allegheny
Plateau where NERJ is located are typically dominated by American beech, sugar maple, yellow
poplar, hemlock, white oak, basswood, cucumber magnolia, and white ash (Braun 1950). This
mixed-mesophytic forest type is maintained by small natural disturbance regimes, such as tree
fall gaps, and in its climax state, supports vertical, structural, and compositional diversity
(Vanderhorst 2001). The mixed-mesophytic forest reflects the cool-moist climate of the region.
However, due to land-use history that caused disturbance by logging, mining, settlement, and
fire, many of the historically mixed-mesophytic forest communities at NERJ today are similar in
composition to those of the Appalachian Oak Forest type as described by Stephenson et al.
(1993). In fact, oak-hickory is the major forest cover type at NERI today (Grafton and Grafton
1980; Fortney et al. 1995, Suiter 1995). Prior to European settlement, oak was a minor
component of the mixed-mesophytic forest, although oak-dominated forests may have existed on
certain sites characterized by dry edaphic conditions and periodic fire (Abrams 1992). A large
increase in oak, especially northern red oak, in mixed-mesophytic forests occurred after
European settlement and associated cutting, burning, mining, and railroad activities (Abrams
1992). Therefore, many of the oaks that now exist at NERJ may be a function of post-settlement
activities rather than their natural distribution within the park (M. Abrams, 1998, The
Pennsylvania State University, pers. comm.).
Threats: Although the mixed-mesophytic forest type appears to be regenerating at NERJ, threats
to this forest type include competition from nonnative species, deer overbrowsing, air pollution,
and fragmentation due to roads, railways, logging, and urban encroachment. In addition, beech
bark disease may threaten the mixed-mesophytic forests at NERJ. The disease results when bark,
attacked and altered by the beech scale (Cryptococcus fagisuga), is invaded and killed by fungi,
primarily Nectria coccinea var.faginata and sometimes N. galligena (Houston and O'Brien
1983). Beech bark disease primarily kills big trees and control of this disease is difficult. The
disease, although presently not found in NERJ, may arrive at the park and contribute to beech
mortality.
Gaps in Knowledge: The degree to which the mixed-mesophytic forest type is regenerating in
NERI is unknown. Furthermore, no comprehensive monitoring of the health of this forest type
has been conducted at NERI.
Suggested Management Recommendations:
• Forest health monitoring plots should be expanded to include the mixed-mesophytic forest
type. Resource managers should continue to monitor the park for the presence of beech bark
disease in the park.
• The mixed-mesophytic forest type should be permitted to regenerate throughout NEW except
in specific locations where oak-hickory, rimrock pines, or other vegetation were the
preindustrial forest type.
• Deer hunting should continue to be permitted in NEW.
• The establishment and encroachment of nonnative plant species in the park should be
prevented.
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Oak-hickory Forest
Current Status and Significance: The oak-hickory forest type is the most abundant (area
covered) forest type in NERJ today (Grafton and Grafton 1980; Vanderhorst 2001). Some
researchers suggest that the oak-hickory forest is more common now than it was historically and
is a function of post-settlement activities and industry (cutting and burning) (Vanderhorst 2001).
Oak-dominated forests probably historically occurred in NERI on xeric sites but were more
restricted in their distribution than they are today. These xeric oak sites may be historically
significant as some of these sites contain some old-growth chestnut oaks in the park.
Threats: Forest composition research by Fortney et al. (1995) indicates a paucity of oak saplings
and seedlings in oak stands within NERJ. Their findings indicate that oak is not regenerating
within NERI, a trend that is occurring throughout the Appalachians (Brose et al. 2001). Instead,
oak stands are being replaced by mixed-mesophytic species such as maple, tulip poplar, and
black gum (Nyssa sylvatica) (Fortney et al. 1995). There may be at least three reasons for the
apparent lack of regeneration of oaks at NERI.
First, a history of fire suppression probably has limited the regeneration of oak-hickory forests at
NERI. From 1500-1850, fires intentionally set by American Indians were used to achieve a
variety of results including clearing land for agriculture, assisting in the management of favored
vegetation, clearing routes of travel, herding game, and even waging war on neighboring tribes
(Abrams 1992; Brose et al. 2001). These fires probably varied in intensity and exerted a
considerable influence upon vegetative composition. One effect may have been creating a
forested landscape that was comprised of the mixed-mesophytic forest interspersed with
scattered stands of the oak-hickory forest type. From 1850-1950, increased European settlement
and charcoal and iron production increased the frequency and intensity of fires in and around
NERI, causing an expansion in the oak component of forests (Brose et al. 2001). In NERI,
mining, railroad, and associated disturbances probably also lead to augmented oak regeneration
in the early- to mid-1900s. Now that these early industrial conditions no longer exist, mixedmesophytic forests are out-competing and replacing the oak-hickory forest type. Oak-hickory
forests at NERI should be characterized as either true oak-hickory forests—those located on dry,
rocky, or exposed habitats, or as vestige oak-hickory sites located on mesic habitats. Oaks on
mesic sites should be allowed to undergo natural succession and convert back to the mixedmesophytic forest type. Fire should be used with care to maintain an oak component in the
NERI forests on the xeric oak-hickory sites (M. Abrams, 1989, The Pennsylvania State
University, pers. comm.). Without some fire or disturbance management oaks may decline in
NERI to below pre-European settlement distributions (Brose et al. 2001). At NERI, the greatest
chance for the use of fire to successfully regenerate oak will occur on xeric sites due to
limitations from competing species and more sunlight reaching the forest floor (M. Abrams,
1989, The Pennsylvania State University, pers. comm.). However, deer herbivory and nonnative
species invasion are issues of concern on sites that have been treated by prescribed burning (T.
Shuler, 2003, U.S. Forest Service, pers. comm.).
Second, the large deer herd at NERI may be limiting the success of oak regeneration in the park.
Without control of the deer herd no fire regime will maintain oak forests in NERI. Oak is a
preferred food to deer and continued grazing by deer will contribute to the replacement of oak by
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species such as red maple that are less palatable to deer (Curtis and Sullivan 2001). Some
research has found that a failure in oak regeneration following prescribed fire was attributed
primarily to increased herbivory by deer (Schuler and McClain 2003).
Third, oak mortality caused by gypsy moths {Lymantria dispar) may have caused decline in oak
in the Appalachians. This nonnative insect pest is a polyphagus defoliator but prefers oaks and
true poplars (Montgomery and Wallner 1988). Although many oaks recover from defoliation
caused by gypsy moths, repeated defoliation may lead to tree weakening and death (Wallner
1997). Trees weakened by defoliation are more susceptible to attack by secondary organisms
such as the shoestring root rot fungus {Armillaria mellea) (Wargo 1977). Defoliation attributed
to gypsy moth has declined dramatically over the last decade due to the introduction of a fungus
{Entomophaga maimaiga) that is fatal to the pest and due to the application of a lethal bacteria,
Bacillus thwiengensis. Occasional outbreaks of gypsy moth populations are still possible,
however. The ridges, south-facing aspects, and dry plateau areas with a significant oak
component have the potential for being most affected by this nonnative pest. If trees die due to
defoliation, hazard tree loadings will increase. However, the moist climate at NERI may
decrease the threat of hazard tree loadings contributing to wild fires. Nonnative plants, red
maple, buckeye, yellow poplar, and other opportunistic species may invade gaps created by
mortality of oaks.
In order to determine the population size and distribution of gypsy moths in the Appalachians,
the Appalachian Integrated Pest Management Gypsy Moth Demonstration Project (AIPM) was
started in 1988 (Weese 1992a, 1992b). Resource managers at NERI continue to monitor gypsy
moth populations in hopes of keeping permanent damage to park natural resources at a minimum
(Weese 1992a).
Gaps in Knowledge: Little information is available that indicates where oak-hickory forests
existed in NERI prior to the industrialization period (pre-1920s). The natural fire regimes and
accompanying forest condition need to be determined for the park. A comprehensive fire history
for the park needs to be developed to help determine the historic role of fire in maintaining
and/or creating selected vegetation communities at NERI. In addition, more information is
needed on how to use fire to successfully regenerate oak-hickory forests on historic oak sites.
Suggested Management Recommendations:
• Forest health monitoring plots should be expanded to include the oak-hickory forest type.
These plots should be placed in locales that are most suitable for oak regeneration and
persistence.
• Determine what sites in NERI supported oak-hickory forests historically.
• Determine the fire history of NERI.
• Develop a management plan that includes fire as a tool to assist in the regeneration of these
true oak-hickory sites.
• Deer hunting should continue to be permitted in NERI.
• The establishment and encroachment of nonnative plant species in the park should be
prevented.
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Rimrock Pine Forest
Current Status and Significance: The rimrock pine forests occupy small acreage at NERI but
contribute significantly to community diversity (Vanderhorst 2001). There are two types of
rimrock pine communities at NERI: 1) pitch pine/scarlet oak (Ouercus coccinea) and 2) Virginia
pine. Both community types occur in narrow zones on sandstone rimrock located above cliffs in
the northern section of NERI (Vanderhorst 2001) (Figure 3). Pitch pine communities are
associated with westerly aspects on the edge of plateaus, but both pine communities occur on
shallow soils that overlay sandstone bedrock. In addition, pine communities occur on sites that
are rapidly drained, acidic, and nutrient poor. In other regions of the southeastern U.S. pitch pine
communities are often associated with table mountain pine (Pinus pungens) but this is not the
case in NERI (Vanderhorst 2001).
Pines along the ridge of the gorge were a dominant feature of the original forest at NERI as
evident in historic photographs (J. Perez, 2003, NPS, pers. comm.). In addition, a stand of
Virginia pine behind the Canyon Rim Visitor Center provides a valuable evergreen shield of the
New River Gorge Bridge.
Threats: Although Virginia pine is probably more prevalent in NERI now than during the preEuropean settlement period, it is declining (as is pitch pine) throughout its range, especially
along cliffs and within the Appalachian flatrock community type (Vanderhorst 2001). These
pines are an important component of the cliff communities at NERI which are currently
threatened by increased visitor use and an absence of fire. In addition, the older Virginia pine
stands at NERI are susceptible to southern pine beetle outbreak (B. Onken, 2003, U.S. Forest
Service, pers. comm.). The understory of pitch pine stands in the park are dominated by striped
maple (Acer pensylvanicum) and white pine (Pinus strobus) (both fire sensitive species) thus
indicating no pitch pine regeneration within these stands (T. Shuler, 2003, U.S. Forest Service,
pers. comm.).
Gaps in Knowledge: The ecology of the rimrock pine communities is not well-understood. For
example, it is not known whether the light-demanding pine exists as an edaphic climax
community on the rock outcrops along the rim or if it requires periodic fire for regeneration (M.
Abrams, 1998, The Pennsylvania State University, pers. comm., Welch and Waldrop 2001).
These pine stands may regenerate from adjacent seed sources after fire, although the possibility
of post-fire invasion of hardwoods and subsequent replacement of pine needs to be considered
(M. Abrams, 1989, The Pennsylvania State University, pers. comm.).
Suggested Management Recommendations:
• Forest health monitoring plots should be expanded to include pine communities. These plots
should be placed in locales that are most suitable for rimrock pine regeneration and
persistence (e.g., along cliff tops in the northern portion of the park).
• Determine what sites in NERI supported rimrock pine communities historically and the role
of fire in the maintenance of these communities.
• Conduct a comprehensive dendrochronological analysis for the rimrock pine communities so
that their ecological history can be better understood.
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Develop a management plan that includes fire as a tool to assist in the regeneration of these
rimrock pine communities. Proper care and attention should be given to any prescribed
burning approach to ensure viable regenerative sources are available for the burned areas.
Deer hunting should continue to be permitted in NERI to reduce herbivory on regenerating
pines.
The establishment and encroachment of normative plant species in the park should be
prevented.

Eastern Hemlock Forest
Current Status and Significance: The hemlock forest type is considered rare at NERI and is
typically present in small stands on the plateaus where it exists on shallow soils and in cool deep
ravines along waterways (Suiter and Evans 1999) (Figure 3). These forests also contain red oak
in the overstory and rhododendron {Rhododendron maximum) and mountain laurel {Kalmia
latifolia) are common shrubs found in the understory (Suiter and Evans 1999). Hemlock stands
provide an important forest cover type throughout the mid-Atlantic. They provide shade to
streams, winter shelter to wildlife, and critical nesting cover to birds such as blackbumian
warblers {Dendroica fusca) and black-throated blue warblers {Dendroica caerulescens) (Mahan
et al. 2004).
Threats: Hemlocks are threatened throughout the mid-Atlantic by a normative insect pest, the
hemlock woolly adelgid (Adelges tsugae), that attacks and kills hemlock trees (McClure 1991).
Although this insect pest is not currently documented in the park, resource managers at NERI
have established forest health monitoring plots in hemlock stands throughout NERI (J. Perez,
2003, NPS, pers. comm.).
Gaps in knowledge: Unknown
Suggested Management Recommendations:
• Establish an active protection and detection program for hemlock woolly adelgid at NERI.
In order to protect the hemlock resource, it is critical to have an active protection/detection
program. The earlier the detection of infestation, the more options there are for treatment.
• Maintain forest health monitoring plots in hemlock stands throughout the park.
• Encourage hemlock regeneration by preventing the establishment and encroachment of
normative plant species in the park and by permitting hunting of white-tailed deer.
Old-growth Forest
Current Status and Significance: Due to past land-use history, no large old-growth (>200 years
old) stands exist in NERI today. A few individual old trees, however, still exist in the park,
mainly on steep slopes of the gorge. In particular, red cedar, hemlock, and chestnut oak may
reach old ages on rock escarpments that were inaccessible to loggers (Fortney et al. 1995). For
example, Fortney et al. (1995) documented a red cedar tree that exceeded 175 years old on a rock
escarpment near a peregrine falcon hacking site at the top of the New River Gorge.
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Greenberg et al. (1997) provide a definition and the distinguishing characteristics for old-growth,
mixed-mesophytic forests of the eastern U.S. In general, old-growth mixed-mesophytic forests
contain, on average, a stand basal area of 38 m2/ha (165 ft2/ac), trees that range in age from 190600 years old, trees with a range of dbhs of 100-195 cm (39-77 in), an average of 31 standing
snags per ha (12.5 standing snags per ac), 9.5 percent of the canopy in some sort of gap phase,
and 155 m3/ha (2616 ft3/ac) of downed logs (Greenberg et al. 1997).
Threats: Past logging and land-use activities removed old-growth forests from NERI.
Gaps in Knowledge: Location and number and species of remaining old-growth trees in NERI
are unknown
Suggested Management Recommendations:
• Protect existing forests from removal and encourage regeneration and natural processes (tree
fall gaps) to permit the old-growth forest type to return to NERI.
• Map known old-growth trees in park.
Cliff Communities
Current Status and Significance: The cliff habitats at NERI are the least studied and understood
community type in the park. In general, cliff ecosystems contribute greatly to the regional
biodiversity of plants and animals (Larson et al. 2000, Figure 3). Although little is known about
this habitat type in NERI, the cliff environment may support specific species of plants (e.g., cliff
ferns, old-growth cedars), reptiles (e.g., coal skink), amphibians (e.g., green salamander), and
invertebrates (e.g., terrestrial gastropods).
Threats: Research is needed in this habitat type in order to determine what species are found on
the cliffs and to understand the potential impacts of recreational rock-climbing on these species.
The continued popularity and expansion of recreational rock-climbing in NERI may threaten
these natural resources. For example, researchers have found that rock-climbing can lead to
decreased abundance and richness of vascular and nonvascular plants and lichens (McMillan and
Larson 2002), indicating that the entire biotic community may be affected (McMillan et al.
2003).
Gaps in Knowledge: No research has been conducted to determine the community of organisms
that use the cliff faces at NERI.
Suggested Management Recommendations:
• Plant and animal species monitoring plots (similar to forest health monitoring plots) should
be expanded to include cliff communities. These plots should be placed in two different
locales: 1) areas that are not used by rock climbers, and 2) along popular climbing routes.
These plots will help determine what effects rock-climbing is having on the cliff
communities of NERI.
• A detailed inventory of flora and fauna using cliffs at NERI should be conducted.
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Riparian Communities Including Appalachian Flatrock Community
Current Status and Significance: Natural riparian areas are some of the most diverse, dynamic,
and complex biophysical habitats in the terrestrial environment (Naiman et al. 1993). The
floodplain riparian area includes the stream channel between low- and high-water marks. The
riparian area also encompasses that portion of the terrestrial landscape above the high-water
mark where vegetation may be influenced by elevated water tables or flooding and by the ability
of soils to hold water (Naiman and Decamps 1997). In addition, riparian areas are characterized
by exposure to long periods of seasonal flooding (Malanson 1993).
Buhlmann and Vaughn (1987) and Buhlmann et al. (1987) characterized riparian areas within
NERI and developed an extensive list of plants associated with riparian habitats. Buhlmann et
al. (1987) recognized 10 riparian habitat types at NERI: mature sycamore, willow, sycamorewillow-birch, stunted sycamore-willow, hemlock/rip-rap, riparian Virginia pine (Appalachian
flatrock), rock riprap, boulder, tributary, and developed.
The Appalachian flatrock community type is a globally rare ecological community that is
composed of locally rare sedges, cedars, pines, and other plants and is known from three sites in
NERI (Buhlmann et al. 1987, Suiter and Evans 1999, Vanderhorst 2001) (Figure 3). This
community occurs on flat sandstone ledges along the New River and is dependent on the
scouring caused by occasional flooding for its long-term integrity (Buhlmann et al. 1987).
There are actually two types of Appalachian flatrock communities at NERI: 1) high flatrock and
2) low flatrock. The high flatrock community is a globally rare community type and is found
primarily at Camp Brookside and Sandstone Falls (Mitchem and Johnson 2001). The high
flatrock community constitutes about 4.5 ha (11 acres) in the park. Keeny Creek-Flatrock
represents the only low flatrock community in NERI. The overstory of all Appalachian flatrock
community sites is dominated by Virginia pine and eastern red cedar, with some post oak
(Querents stellata) growing in association with these conifers (Mitchem and Johnson 2001).
Currently, understories of Appalachian flatrock communities at NERI are dominated by
hardwood species, such as red oak, red maple, black cherry, white ash, and pawpaw (Asimina
triloba), and have little or no regeneration of the light-demanding conifer species such as
Virginia pine and red cedar (Mitchem and Johnson 2001).
Anecdotal evidence indicates that, historically, the New River experienced catastrophic floods
every 50 to 100 years. Sites exposed to high water and current were severely eroded, or perhaps
eliminated, while other similar types of sites were created (Johnson 2002). This harsh
environment led to development of a special community that thrived on the flat-rock sandstone
shelves immediately above the river in association with rapids (Johnson 2002). Here, the
distinctive Appalachian flatrock community survived on a thin layer of infertile sandy soil and
consisted of species normally associated with more xeric conditions than those typically found
on a river bottom (Johnson 2002). These species retained their early succession dominance over
time because of the regular flooding and poor site fertility (Vandershorst 2001; Johnson 2002).
With construction of the Bluestone Dam and consequent reduction in catastrophic flooding,
species characteristic of other riparian and mesophytic communities began invading the flatrock
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shelves. Furthermore, regulation of waterflow in the New River has caused the soil layer at sites
to accumulate, thus permitting hardwood species and nonnatives to invade.
Threats: The Appalachian flatrock community sites within NERJ are Keeny Creek, Camp
Brookside and Sandstone Falls. Site-specific threats are listed with a description of each site as
follows:
• Keeny Creek flatrock community represents the only low Appalachian flatrock community in
NERI. A relatively small but pristine site, the flatrock exposure here supports populations of
six plant species of special concern in West Virginia (Rouse and McDonald 1986). Located
in a remote area of the New River Gorge portion of NERI, there are few immediate threats
except for the railroad right-of-way (ROW). Care should be taken in the maintenance of this
ROW not to disturb this rare community.
• Camp Brookside, situated along the river at Brooks Falls, is the largest and best example of
the high Appalachian river flatrock community within NERI. This area contains the largest
known concentration of plant species of special concern within NERI (Rouse and McDonald
1986). This site is threatened by use as a fishing site and portage location. In 2002, fire was
used controversially as a surrogate for flooding disturbance to help maintain the Camp
Brookside flatrock community (Johnson 2002). Continued monitoring will determine if the
mixed red cedar and juniper {Juniperus sp.) will return to the burned sites.
• Sandstone Falls, a high Appalachian flatrock community site, supports three plant species of
special concern in West Virginia. The only known location for annual fimbry {Fimbristylis
annua) in West Virginia is known from this site (Rouse and McDonald 1986). This area is
impacted from past and current disturbances, including livestock grazing and heavy
unrestricted recreational use throughout the site.
Currently, the understories of all Appalachian flatrock communities in NERJ are dominated by
hardwood species and have little or no regeneration of the light-demanding conifer species such
as Virginia pine and red cedar (Mitchem and Johnson 2001).
Gaps in Knowledge: Other than a cursory understanding of the presence of plant species in the
Appalachian flatrock communities, the riparian zones in NERI are unstudied. For example, it is
not known how healthy these areas are and if they are functioning properly to afford the park's
water resources maximum ecological protection given the history of flow regulation (Purvis et al.
2002). In addition, the effects of the use of fire to simulate flood-mediated disturbance in
Appalachian flatrock communities are not well known.
Suggested Management Recommendations:
• Conduct a comprehensive dendrochronological analysis for the Appalachian flatrock
communities so that their ecological history can be better understood.
• Compare the New River riparian communities to those on rivers that have unregulated and
relatively unstressed conditions. This type of comparison may help determine how regulated
flow affects the native communities in the park, given that NERI has its own unique
geomorphology and discharge characteristics.
• Identify bottomland surface features throughout the park and overlay these features with
maps of the vegetation communities to determine how bottomland surfaces and flow
dynamics affect terrestrial ecosystems.
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•
•

Restrict visitor use of the Appalachian flatrock community type.
Continue monitoring the Camp Brookside flatrock community to determine if fire is an
appropriate tool to simulate flood-mediated disturbances.

Wetlands. Springs, and Seeps
Current Status and Significance: The National Wetlands Inventory (NWI) of the U.S. Fish and
Wildlife Service (USFWS) shows the location, type, and distribution of wetlands as small as 0.5
ha (1.2 acre) (U.S. Fish and Wildlife Service 2002). NWI indicates that the most dominant
wetland types found in NERI are temporarily flooded riverine wetlands on unconsolidated or
rocky shores, permanently flooded riverine wetlands, and temporarily flooded, broad-leaved
deciduous palustrine wetlands. Specific descriptions of all wetland types are provided by
Cowardin et al. (1979).
Although a detailed wetland map is needed for NERI, a detailed wetland delineation study
(indicating wetlands smaller than 0.5 ha [1.2 ac] in size) was conducted for the park by the West
Virginia Department of Transportation (WV DOT) between Hinton and the 1-64 bridge (Purvis
et al. 2002). For this section of NERI, 79 wetlands representing 21 wetland types were
identified. These findings contrast with the NWI maps that only show 49 wetlands of 11 types in
this section of NERI. In contrast to the NWI, the most common wetland type identified by the
WV DOT study was broad-leaved deciduous palustrine wetland, followed by riverine wetlands.
A detailed study has been made of the locally significant Kates Branch Wetland located near
springs of Glade Creek's Kates Branch (Eye 1981). Several species of rare plants including
many that reach their southernmost or northernmost distributional limits were found within the
wetlands (Eye 1981).
Threats: Poor water quality and development of roads and controlled flow of the New River
potentially threaten wetlands in NERI.
Gaps in Knowledge: No detailed wetland map (a map showing wetlands <0.5 ha [<1.2 ac]) is
available for NERI.
Suggested Management Recommendations:
• Limit visitor use and disturbance of wetlands in NERI.
• Do not permit new construction in wetland areas of NERI.
• Create a detailed wetland map for NERI.
Aquatic Plants
Current Status and Significance: Weaks et al. (1997) conducted surveys of development sites for
algae and other aquatic plants. Many of the tributaries that they surveyed contained algal species
that are indicators of salt brine, sewage, and oil (Weaks et al. 1997). Complete species lists are
provided in Weaks et al. (1997). Rutherford (1999) described periphyton assemblages in 10
selected tributaries to New River within NERI. The study identified 106 species of algae, mostly

54

diatoms. The high abundance and frequency of the algae, Schizonthrix calcicola, indicated that
human waste was a major contributor to pollution in many of these streams.
The dominant macrophyte in NERI is water star-grass (Heteranthera dubia), a plant often
associated with mussel beds in the New River (Buhlmann and Vaughn 1987; Jirka and Neves
1987; Buhlmann 1990). Aside from their association with mussel beds, these aquatic plants
provide habitat for macroinvertebrates and fish in the New River. Pondweed (Potamogeton spp.)
and Nuttall waterweed (Elodea sp.) are also common in the New River and are often present in
mussel beds (Buhlmann and Vaughn 1987; Jirka and Neves 1987; Buhlmann 1990). The size of
Elodea beds within NERI have increased in recent years, perhaps due to increased eutrophication
of the New River (Buhlmann 1990).
Threats: Poor water quality and associated eutrophication may increase the abundance of some
algae and plant species in the streams of NERI. However, increased eutrophication also
threatens to eliminate or restrict the distribution of certain aquatic plant species in NERI (Weaks
etal. 1997).
Gaps in Knowledge: The effect of water quality on the distribution and abundance of aquatic
plants has not been well studied at NERI.
Suggested Management Recommendations:
• Monitor aquatic plants and algae to use as surrogate indicators of water quality in the park.
• Maintain aquatic grass beds in NERI to ensure healthy populations of native mussels and
macroinvertebrates.
Nonvascular Plants. Lichens, and Fungi
Current Status and Significance: Weaks et al. (1997) conducted the only known survey
specifically for lichens and nonvascular plants at NERI. NPSpecies (2003) only has records for
14 species of nonvascular plants (mostly mosses) and only 32 species records for fungi from
NERI.
Threats: Unknown
Gaps in Knowledge: Despite their importance to terrestrial and freshwater communities, little is
known about the distribution and abundance of these species.
Suggested Management Recommendations:
• Expand the survey effort for lichens, fungi, and nonvascular plants in NERI.
• Lichen surveys should be conducted on cliff faces.
Plant Species of Special Concern
Grafton and Grafton (1980) provided a comprehensive list of plant species, including habitat
associations and locations, found within NERI that are considered of special concern in West
Virginia by the West Virginia Natural Heritage Program (WV NHP; Table 1). In addition,
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Table 1. List of plant species and communities of special concern in West Virginia known to occur in New River Gorge National
River according to the West Virginia Natural Heritage Program, 2004. No federally listed species of plants are known to currently
occur in the park.

OS

Scientific Name
Communities
Juniperus virginiana - pinus virginiana
Species
Coreopsis pubescens var. robusla
Eupatorium pilosum
Helianthus occidentalis ssp. occidentalis
Silphium perfoliatum var connatum
Arabis hirsuta var. pycnocarpa
Cardamine flagellifera
Silene nivea
Hypericum denticulatum
Cuscuta indecora
Croton glandulosus var septentrionalis
Baptisia attstralis
Desmodium lineatum
Galactia volubilis
Gentiana austromontana
Pycnanthemum incanum var. puberulum
Pycnanthemum torrei
Pycnanthemum loomisii
Scutellaria saxatilis
Stachys nuttallii
Stachys tenuifolia var. tenuifolia
Lythrum alatum
Hibiscus laevis
Sida hermaphrodita
Oenothera pilosella
Polygala curtissii

State Ranking

Global Ranking"

Appalachian flatrock community

SI

G2

star tickseed
vervain thoroughwort
Mcdowell sunflower
Virginia cup-plant
hairy rock-cress
bittercress
snowy campion
coppery St. John's-wort
pretty dodder
sand croton
wild false indigo
tick-trefoil
downy milkpea
Appalachian gentian
hoary mountain-mint
Torrey's mountain-mint
Loomis' mountain-mint
rock skullcap
Nuttall's hedge-nettle
smooth hedge-nettle
winged-loosestrife
halberd-leaved mallow
Virginia mallow
evening-primrose
Curtis milkwort

S2
SH
S2
SI
S2
S2
SI
SI
SI
S2
S3
SH
SI
SI
SI
SI
SI
S2
S3
S2
S2
S2
S2
S2
S2

G5
G5
G5
G5
G5
G3
G4
G5
G5
G5
G5
G5
G5
G3
G4
G2
G4
G3
G5
G5
G5
G5
G2
G5
G5

Common Name

Table 1. List of plant species and communities of special concern in West Virginia known to occur in New River Gorge National
River according to the West Virginia Natural Heritage Program, 2004. No federally listed species of plants are known to currently
occur in the park (continued).
Common Name

Scientific Name
Eriogonwn

allenii

Ranunculus pusi Hits
Thalictrum

steeleanum

Tluilictruin clavatum
Salix lucida
Saxifraga

careyana

Vilis rupestris
Cominelina erecta
Carex aestivalis
Cat ex careyana
Carex comosa
Carex emoryi
Carex

mesochorea

Carex molesta
Carex styloflexa
Carex suberecta
Carex typhina
Carex woodii
Cyperus refractus
Eleocharis intermedia
Eleocharis compressa
Fimbristylis annua
Rhynchospora recognita
Scirpus purshianus
Najas gracillima
Calopogon tuberosus var. tuberosus
Corallorhiza wisteriana
Platanthera psycodes

yellow buckwheat
low spearwort
Steele's meadow rue
mountain meadow-rue
shining willow
Carey's saxifrage
sand grape
slender dayflower
summer sedge
Carey's sedge
bearded sedge
Emory's sedge
midland sedge
troublesome sedge
bent sedge
prairie straw sedge
cat-tail sedge
pretty sedge
reflexed tlatsedge
matted spikerush
fiat-stemmed spikerush
annual fimbry
globe beaked-rush
weakstalk bulrush
slender water nymph
grass pink
spring coralroot
small purple-fringe orchis

State Ranking 1

Global Ranking"

S2
SI
SI
SI
SI
S3
SI
S2
S2
SI
S2
SI
SI I
SI
SI
SI
S2
SI
S2
SI
S2
SI
S2
S2
S2
SI
SI
SI

G4
G5
C,3
G4
G5
G3
G3
G5
G4
G5
G5
G5
G4
G4
G4
G4
G5
G4
G5
G5
G4
G5
G5
G4
G5
G5
G5
G5

Table 1. List of plant species and communities of special concern in West Virginia known to occur in New River Gorge National
River according to the West Virginia Natural Heritage Program, 2004. No federally listed species of plants are known to currently
occur in the park (continued).

CO

State Ranking'
Scientific Name
Common Name
Pogonia ophioglossoides
S2
rose pogonia
Spiran thes tuberosa
S2
little ladies'-tresses
Triphora trianthophora
S2
nodding pogonia
Aristida purpurascens
SI
purple needlegrass
Melica mutica
S2
two-flower melic grass
Piptochaetium avenaceum
SI
blackseed needlegrass
Poa saltuensis
SH
drooping bluegrass
Sporobolus clandestinus
SI
rough dropseed
Woodsia scopulina
S2
Allegheny cliff fern
'State rankings (ST STATUS):
51 five or fewer documented occurrences, or very few remaining individuals within the state. Extremely rare and critically imperiled.
52 six to 20 documented occurrences, or few remaining individuals within the state. Very rare and imperiled.
53 twenty-one to 100 documented occurrences. May be somewhat vulnerable to extirpation.
H historical occurrence modifier; historically occurred but has not been documented in this location during latest plant surveys
2

Global Ranking2
G5
G5
G3
G5
G5
G5
G5
G5
G5

The Nature Conservancy Global Rankings (TNC STATUS):
These are global rankings assigned by the Nature Conservancy (now Nature Serve).
Gl five or fewer documented occurrences, or very few remaining individuals globally. Extremely rare and critically imperiled.
G2 six to 20 documented occurrences, or few remaining individuals globally. Very rare and imperiled.
G3 twenty-one to 100 documented occurrences. Either very rare and local throughout its range or found locally in a restricted range; vulnerable to extinction.
G4 common and apparently secure globally; though it may be rare in parts of its range, especially at the periphery.
G5 very common and demonstrably secure, though it may be rare in parts of its range, especially at the periphery.

several plant surveys initiated by the WV NHP have been conducted in NERI in recent years
(Eye 1981; Rouse 1986; Rouse and McDonald 1986; McDonald and Harmon 1989; Suiter 1995;
McDonald 1998; Suiter and Evans 1999). Currently, over 60 plant taxa of special concern in
West Virginia have been reported from NERI (Suiter and Evans 1999). Since the mid-1980s, a
handful of globally rare and/or federally listed plant species have been studied in or near NERI.
They include: Virginia spiraea (historically occurred but not currently documented in the park),
running buffalo clover (not currently documented in the park), Steele's meadow rue (Thalictrum
steeleanum), and bittercress (Cardamine flagellifera and C. clematitis).
Virginia Spiraea:
Current Status and Significance: Virginia spiraea is a federally threatened, disturbance-adapted
shrub. Populations are restricted to steeply sloped riparian sites where arboreal competition is
inhibited by erosion and periodic flooding. Although Virginia spiraea has not recently been
documented within NERI, it did occur historically along the New River below Hawks Nest Dam
in the 1960s (Ogle 1991) and was found 0.8 km (0.5 mile) above Cotton Hill in the 1950s
(Grafton and Grafton 1980).
Threats: The distribution and establishment of Virginia spiraea are restricted by arboreal
competition in areas where flooding disturbance has been restricted and by competition with
nonnative species of plants (Ogle 1991).
Gaps in Knowledge: Although currently not documented in NERI, resource managers are unsure
if Virginia spiraea currently occurs in the park.
Suggested Management Recommendations:
• Conduct a survey for Virginia spiraea along the New River and its tributaries.
• Restrict human use of any sites where this species is found.
• Potentially reestablish this species in the Appalachian flatrock community along the New
River.
• Manual disturbance to simulate the effects of flooding and removal of nonnatives could be
implemented in order to reestablish this species at NERI.
Running Buffalo Clover:
Current Status and Significance: Running buffalo clover was listed as a federally endangered
species in 1987 (Bartrgis 1989). In West Virginia, a population of this species was documented
on a small sandy floodplain in NERI by Bartgis (1989). Pauley et al. (1997) were unable to
relocate this species in NERI; however, this species was observed in 2000 on the Cottonhill
floodplain in NERI (W. Grafton, 2004, West Virginia University, pers. comm.).
Threats: Competition with nonnative plant species seems to be impeding the spread, and perhaps
continued persistence, of this species in NERI (Bartgis 1989). Restrictions in flooding due to the
construction of Bluestone Dam may have encouraged the spread and persistence of nonnative
competing vegetation species and negatively affected this disturbance-adapted species.
Gaps in Knowledge: Although not currently documented at NERI, resource managers are unsure
if the species still occurs on the sandy floodplains in the park.
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Suggested Management Recommendations:
• Conduct a survey for running buffalo clover along New River and its tributaries in the park.
Re-visit the Cottonhill floodplain to look for this species.
• Restrict human use of any sites where this species is found.
• Manual disturbance to simulate the effects of flooding and removal of nonnatives could be
implemented to ensure the persistence of this species at NERI.
Steele's Meadow Rue:
Current Status and Significance: Steele's meadow rue prefers well-drained wooded slopes with
relatively open understory. This species still is being considered for federal listing as threatened
or endangered (Rouse and McDonald 1986). Three populations of this species are documented
within NERI (Rouse and McDonald 1986; McDonald and Hannon 1989).
Threats: Two populations of this species are vulnerable at NERI due to their location near roads
and powerline rights-of-way and provisions should be made to ensure that routine maintenance
of these areas does not inadvertently impact these populations.
Gaps in Knowledge: The distribution of this species in the park is not well known.
Suggested Management Recommendations:
• Additional surveys should be conducted to locate populations of this species within NERI.
• In order to ensure the persistence of this species in NERI, encroachment and establishment of
nonnative plant species should be prevented and hunting of white-tailed deer should be
continued.
Bittercress:
Current Status and Significance: Rouse and McDonald (1986) and McDonald and Harmon
(1989) identified two species of bittercress, Cardamine clematitis and C. flagellifera, as globally
rare (100 or fewer occurrences worldwide), and C clematitis is being considered for federal
listing (Pauley et al. 1997). However, there is some confusion about the taxonomy of the
Cardamine in NERI (McDonald and Harmon 1989). Both species are southern Appalachian
endemics, reach their northern limit in West Virignia, and are found in West Virginia only within
NERI (Rouse and McDonald 1986; McDonald and Harmon 1989; Pauley et al. 1997). A large
population of C, flagellifera is located on the river left floodplain between Coal Run and Red
Ash Island (J. Perez, 2004, NPS, pers. comm.). These species prefer rich, mesic forested
floodplains.
Threats: Populations of these species located near Stonecliff are particularly vulnerable due to
their proximity to a dirt road that starts at the Stonecliff bridge (Rouse and McDonald 1986;
McDonald and Harmon 1989).
Gaps in Knowledge: The distribution of these species within NERI is not well known.
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Suggested Management Recommendations:
• Careful consideration should be given to these plant populations prior to implementing road
improvements or increasing vehicle use (Rouse and McDonald 1986; McDonald and Harmon
1989).
• Additional surveys should be conducted to locate populations of this species in NERI as they
are likely to be found especially within the gorge itself.
• In order to ensure the persistence of this species in NERI, encroachment and establishment of
nonnative plant species should be prevented and hunting of white-tailed deer should be
continued.
Hazard Trees
Current Status and Significance: Because NPS policies require that a park guarantee the
protection of resources while providing for safety of visitors, NERI developed a hazard-tree
abatement plan in 1992 (Weese 1992b). A hazard tree is any tree, or portion of a tree, located in
an area of regular traffic or occupancy by persons or property and that is in imminent danger of
failure or collapse due to some recognizable defect (Weese 1992b).
Twenty-six visitor-use areas were identified where tree inspections and tree removal should
occur if hazard trees are identified as being at risk to visitors (Weese 1992b). Because most of
these sites are located in association with development sites, tree removals in these areas should
have little to no effect on intrinsically significant natural resources.
Threats: As forests age, hazard tree loading may increase, potentially increasing the risk of fire.
In the eastern U.S., however, high humidity and rapid decay greatly reduces the fire risk (T.
Schuler, 2003, U.S. Forest Service, pers. comm.).
Gaps in Knowledge: Unknown
Suggested Management Recommendations:
• Two hazard tree abatement sites listed in the hazard-tree abatement plan correspond with the
globally rare flatrock community found within NERI, and consultation with natural resource
managers should occur prior to the removal of vegetation from these sites.
Nonnative Plants
Current Status and Significance: The invasion of nonnative plants may be the biggest threat to
maintaining native forests and plant communities at NERI but, in reality, not all nonnatives can
be controlled or removed. Some nonnative plants that may be particularly deleterious at NERI
are purple loosestrife (threatens Virginia spiraea habitat), Japanese knotweed, Japanese
honeysuckle, garlic mustard, tree-of-heaven, privet, paulownia, and kudzu (Bartgis 1989; Davis
1995). Kudzu is a very pervasive nonnative plant at NERI. For example, some of the kudzu
patches are 12.1 ha (30 ac) in size and stretch from the railroad upslope to almost the rim of the
gorge (J. Perez, 2003, NPS, pers. comm.). This nonnative species is primarily a threat to cultural
resources as it can grow across historic buildings and damage their exterior.
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Threats: None
Gaps in Knowledge: The number, distribution, and continued encroachment of nonnative plants
at NERI is not well known or studied.
Suggested Management Recommendations:
• Prevent the establishment and encroachment of nonnative plants through manual removal,
select use of herbicides, and minimizing fragmenting features such as roads in the park.
• Develop and implement a plan to control invasive nonnative plant species in the park.
Animal Resources
Mammals
There are 63 species of mammals known to occur in NERI (NPSpecies 2003). West Virginia
Gap Analysis (2003) predicts NERI to contain 91.5% (54 of 59 species) of the mammalian
species known to occur in West Virginia and 77% (17 of 22 species) of the mammalian species
of special concern in West Virginia. Federally listed mammalian species known to occur within
NERI include Virginia big-eared bat (Corynorhinus townsendii virginianus), and Indiana bat (M
sodalis) (Table 2).
White-tailed Deer:
Current Status and Significance: According to the West Virginia Department of Natural
Resources (WV DNR), the state population of white-tailed deer is just under one million
individuals (WV DNR 2003). In District IV, the game zone designated by the WV DNR in
which NERI is located, deer densities are approximately 13 deer/km" (33 deer/mi2) of available
deer habitat (WV DNR 2003). These deer densities contrast with estimates of pre-European
settlement deer densities of approximately 3-8 deer/km2 (8-20 deer/mi2) on the Appalachian
plateau (Horsely et al. 2003).
The high populations of white-tailed deer in the eastern U.S. in the late 20th and early 21 st
centuries have reduced plant diversity, caused forest regeneration failure, and have had
secondary impacts on other wildlife communities (Horsely et al. 2003). The WV DNR has
recognized this population increase and has adjusted hunting regulations in an effort to control
the growing herd. The increase of crop damage complaints, vehicle collisions, damage to natural
vegetation communities, and the realistic risk of catastrophic disease are driving game managers
to control deer numbers (S. Pugh, 2003, NPS, pers. comm.). In 2002, 29,927 deer were
harvested by firearm in District IV. Within that district, 47 deer were recorded as being
harvested within NERI. Hunters probably harvested more deer within NERI but failed to
indicate locations on harvest report cards.
Threats: White-tailed deer are potentially threatened by chronic wasting disease. Chronic
wasting disease (CWD) is a neurological (brain and nervous system) disease found in deer and
elk in certain geographical locations in North America (WV DNR 2003). The disease belongs to
a family of diseases known as transmissible spongiform encephalopathies (TSE) or prion
diseases. The disease attacks the brains of infected deer and elk which results in the death of the
animal. While CWD is similar to mad cow disease in cattle and scrapie in sheep, there is no
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Table 2. Vertebrates (excluding birds) and invertebrates of special concern in West Virginia known to occur in New River Gorge
National River, 2004. Birds are not considered in this table because they currently are not classified by the West Virginia Heritage
Program in the same manner as other vertebrates due to their variety of occurrence (breeding, migratory, resident) within the state.
Scientific Name

ON

Mammals
Myotis soda I is
Cornynorhinus townsendii
Myotis leibii
C. rafinesque
Sorex dispar
Sorex hoyi winnemana
Ochrotomys millalli
Neotoma magister
Reptiles
Eumeces laticeps
Opheodrys aestivus
Carphophis amoenus
Pseudemys concinna
Graptemys geographica
Insects
Cicindela ancocisconensis
Speyeria diana
Amphibians
Ambystoma jeffersonianum
Amides aeneus
Desmognathus quadramaculatus
Eurycea lucifuga
Plethodon kentiicki
Pseudolriton ruber

State Rank1

Global Rank2

Federal Rank

Indiana bat
Virginia big-eared bat
small-footed myotis
eastern big-eared bat
long-tailed shrew
southern pygmy shrew
golden mouse
Allegheny woodrat

SI
S2
SI
SI
S2
S2
S2
S3

G2
G4
G3
G3
G4
G5
G5
G3

endangered
endangered

broad-headed skink
rough greensnake
eastern worm snake
river cooter
common map turtle

S2
S3
S3
S2
S2

G5
G5
G5
G5
G5

tiger beetle
Diana fritillary

S3
S2

G3

Jefferson salamander
green salamander
black-bellied salamander
cave salamander
Cumberland plateau salamander
northern red salamander

S3
S3
S3
S3
S2
S3

G4
G3
G5
G5
G4
G5

Common Name

G3

Table 2. Vertebrates (excluding birds) and invertebrates of special concern in West Virginia known to occur in New River Gorge
National River, 2004. Birds are not considered in this table because they currently are not classified by the West Virginia Heritage
Program in the same manner as other vertebrates due to their variety of occurrence (breeding, migratory, resident) within the state
(continued).
Scientific Name

Common Name

State Rank'

Global Rank2

Federal Rank

Fish

£

bigmouth chub
S3
G4
Nocomis platyrhynchus
New River shiner
S2
G4
Notropis scabriceps
mountain
redbelly
dace
S3
G5
Phoxinus areas
Mussels
green floater
S2
G3
Lasmigona subviridis
pistolgrip
S2
G4
Tritogonia verrucosa
elktoe
mussel
S2
G4
A lasmidonta marginata
purple wartyback
SI
G5
Cyclonaias turberculata
spike mussel
S2
G5
Elliptic dilatata
wavy-rayed lampmussel
S2
G4
Lampsilis fasciola
pocketbook mussel
SI
G5
Lampsilis ovata
maple leaf
S2
G5
Quadrula quadrula
'State rankings:
51 five or fewer documented occurrences, or very few remaining individuals within the state. Extremely rare and critically imperiled.
52 six to 20 documented occurrences, or few remaining individuals within the state. Very rare and imperiled.
53 twenty-one to 100 documented occurrences. May be somewhat vulnerable to extirpation.
SA rare in the state but an accidental occurrence.
2

TheNature Conservancy Global Rankings (INC STATUS):
These are global rankings assigned by the Nature Conservancy (now NatureServe).
Gl five or fewer documented occurrences, or very few remaining individuals globally. Extremely rare and critically imperiled.
G2 six to 20 documented occurrences, or few remaining individuals globally. Very rare and imperiled.
G3 twenty-one to 100 documented occurrences. Either very rare and local throughout its range or found locally in a restricted range; vulnerable to extinction.
G4 common and apparently secure globally; though it may be rare in parts of its range, especially at the periphery.
G5 very common and demonstrably secure, though it may be rare in parts of its range, especially at the periphery.

known relationship between CWD and any other TSE of animals or people. CWD has not been
found in any animals in West Virginia. The WV DNR Wildlife resources Section, in
Cooperation with the Southeast Cooperative Wildlife Disease Study at the University of Georgia,
College of Veterinary Medicine, has tested free-ranging deer from West Virginia for CWD every
year beginning in 2000. However, to detect a disease that is present in only a few animals, a
large number of samples need to be tested to be absolutely sure CWD is not present in freeranging deer in West Virginia. Therefore, the WV DNR is testing a large number of deer for
CWD throughout the state and will continue testing as long as the disease threat is present (WV
DNR 2003).
Gaps in Knowledge: The actual harvest numbers for white-tailed deer from NERI are unknown.
A more accurate accounting of the number of deer taken from within the park is needed.
Suggested Management Recommendations:
• Continue to permit and encourage harvesting of white-tailed deer in NERI.
• Attempt to reduce deer densities to 8 deer/km2 (20 deer/mi2) in forested areas of NERI.
Black Bear:
Current Status and Significance: Biologists estimate that there are over 10,000 black bears in
West Virginia (WV DNR 2003) but the number of black bears within NERI is unknown. In
2002, hunters harvested a record 1,357 bears in West Virginia, reflecting a growing population
of bears within the state. The majority of the population increase is centered in the southern part
of the state. In response to this rapidly growing bear population, the WV DNR initiated a
southern bear study to look at reproduction in Raleigh, Fayette, Boone, and Kanawha counties
(S. Pugh, 2003, NPS, pers. comrn.). Although this study is ongoing, preliminary results indicate
a very healthy bear population in this region with an average litter size of three cubs. WV DNR
has expanded bear hunting opportunities throughout the state to keep pace with the biological
and sociological carrying capacities for bears in each region. The WV DNR recently opened a
statewide archery season, additional gun hunting, and a special November gun season in five
southern counties, including Fayette and Raleigh, where bear numbers exceed management
objectives.
Threats: Black bears throughout the Appalachians are threatened by poachers who illegally kill
black bears in order to sell their gall bladders and paws on the international market (WV DNR
2003). Resource managers and law enforcement officials should continually monitor NERI to
prevent black bear poaching in the park.
Gaps in Knowledge: The actual population size harvest numbers for black bear in NERI are
unknown. A more accurate accounting of the number of bear taken from within the park is
needed.
Suggested Management Recommendations:
• Continue to permit and encourage harvesting of black bears in NERI.
• Develop and implement a management plan to minimize bear/visitor conflicts (e.g.,
encourage campers to hang food, install bear-proof waste containers).
• Determine population size of black bears in NERI.
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Allegheny Woodrats:
Current Status and Significance: NERI contains stable, healthy, globally significant populations
of Allegheny woodrats, which is a species of special concern in West Virginia and is in decline
throughout the rest of its range in the eastern U.S. (Buhlmann and Vaughn 1987; Michael and
Voytko 1990; Balcom and Yahner 1996) (Table 2). The woodrat populations in and around
NERI may represent the core population for this species in the eastern U.S. (Wood 2001).
Therefore, due to this species' decline throughout the eastern U.S., the woodrat populations at
NERI are critical from a conservation perspective. The reasons for the decline of woodrats in
other portions of its range are unclear (Balcom and Yahner 1996).
Threats: Decline in the population of Allegheny woodrats, as seen throughout the rest of its
range, is possible in NERI. Increased forest fragmentation, habitat loss, and parasite infection by
roundworms carried by raccoons (Procyon lotor) have been suggested for the decline in
Allegheny woodrats in other portions of its range (Balcom and Yahner 1996).
Gaps in Knowledge: The reason for the persistence of Allegheny woodrats within NERI are
unknown. Their persistence in the park, compared to declines in the rest of their range, may be
due to the occurrence of abandoned mine portals. However, a detailed comparison of the habitat
used by woodrats in NERI compared to other portions of their range is needed.
Suggested Management Recommendations:
• Allegheny woodrat populations at NERI should be monitored carefully in order to detect any
declines, should they occur.
• Habitat used by woodrats at NERI, including abandoned mine portals, caves, and shale
slopes, should be mapped into GIS and protected from excessive visitor use and development
(Weese 1990, 1991; Bryan et al. 1999; Wood 2001).
• Mine portals that are occupied by woodrats should remain open. These openings seem to
provide habitat needed for the woodrats; as Wood (2001) captured no woodrats at mine
portals that had been completely closed by backfilling even when mitigation pipes were
present.
Bat Communities:
Current Status and Significance: NERI contains a regionally significant assemblage of bats that
includes 10 species that have been documented through various methods of study (Buhlmann
and Vaughn 1987; WV DOT 1999; Johnson 2003). Two federally endangered species of bats
(Virginia big-eared bat and Indiana bat) have been identified as using abandoned mine portals at
NERI (S. Castleberry, 2003, University of Georgia, pers. coram., Johnson 2003). In addition,
two state-rare species of bats, eastern big-eared bat (Coiynorhinus rafinesquii) and small-footed
myotis {Myotis leihii), also have been identified using abandoned mine portals in the park (S.
Castleberry, 2003, University of Georgia, pers. comm.) (Table 2). Bryan et al. (1999) did not
capture any of these species of special concern using traditional mist-netting techniques.
Furthennore, WV DOT did not capture Indiana bat in a targeted study for this species. However,
they did capture small-footed myotis, big brown bat (Eptesicus fuscus), eastern pipestrelle
{Pipestrellis suhflavus), and silver haired bat (Lasionycteris noctivigans) along the proposed
alignment of the New River Parkway (1-64). Bats at NERI use abandoned mine portals as
roosting sites and cliffs for foraging (Johnson 2003). Ongoing research by Wood et al. (2002)
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and Castleberry et al. (2002) is examining what species of bats use mine portals in NER1 and
where these species forage.
Threats: Excessive visitor use of mine portals may disturb bats that use the portals for roosting or
hibernation.
Gaps in Knowledge: Despite preliminary studies, relatively little is known about the bats that are
found in the park. For example, information about foraging behavior, diet, and habitat use is
needed for all species.
Suggested Management Recommendations:
• Mine portals used by rare bat species should be identified and mapped.
• Mine portals should be protected from excessive visitor use by controlling access through use
of proper gating techniques. Proper protection of mine portals will assure accessibility by
bats and other species of wildlife (Weese 1990).
• Because bats may forage along cliff faces, the potential impacts of recreational rock climbing
on bat communities should be explored.
Small Mammals:
Current Status and Significance: Buhlmann and Vaughn (1987) trapped 10 species of small
mammals (mice, voles, shrews, and moles) within NERI. The long-tailed shrew (Sorex dispar),
southern pygmy shrew (S. hoyi winnemana), and golden mouse (Ochrotomys nuttalli) are small
mammals of special concern that have been documented at NERI (McDonald and Harmon 1989,
WV DNR 2003) (Table 2). Other rare species of small mammals such as rock vole (Microtus
chrotorrhinus), rock shrew (S. dispar), and water shrew (S. palustris) all may occur at NERI as
suitable habitat seems to be available. Although research should be conducted to determine if
these species occur at NERI, they are difficult to capture and confirmation of their occurrence
may be time and labor intensive.
Threats: If the water shrew occurs at NERI, loss of eastern hemlock due to infestation by the
hemlock woolly adelgid may negatively affect this species.
Gaps in Knowledge: The distribution and/or occurrence of several small mammals is unknown in
the park.
Suggested Management Recommendations:
• Conduct a park-wide survey for small mammals to determine which species are found in
NERI.
• Determine habitat use by small mammals in NERI.
Fur-bearing and Other Mammals:
Current Status and Significance: Bulmann and Vaugh (1987) documented beaver (Castor
canadensis), mink (Mustela vison), and muskrat (Ondatra zehithicus) in NERI, and recently,
river otter (Lutra canadensis) have been introduced into the New River system (Purvis et al.
2002).
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Threats: Poor water quality in tributaries and the main stem of the New River could negatively
affect populations of riparian, fur-bearing mammals.
Gaps in Knowledge: Little is known about the occurrence, distribution, and status of the
federally endangered northern flying squirrel {Glaucomys volans fuscus), which is predicted to
occur but never documented at NERI (WV Gap Analysis Program 2003). In addition, there is a
paucity of information about the distribution and density of populations of riparian and
furbearing mammals such as northern river otter, beaver, mink and other weasels, muskrat and
bobcat (Felis rufus) in the park.
Suggested Management Recommendations:
• Improve and prevent further degradation of water quality in tributaries and in the main stem
of the New River.
• Conduct a park-wide survey for fur-bearing mammals to determine which species are found
in NERI.
• Determine habitat use by fur-bearing mammals in NERI.
• Conduct a park-wide survey for northern flying squirrels by establishing nest boxes in
suitable (coniferous) habitat.
Bird Communities
Currently, 233 species of birds are known to occur in NERI (NPSpecies 2003). This represents
74.4% (125 of 168 species) of the species found in West Virginia and 42% (25 of 59 species) of
the species identified as state species of special concern (WV Gap Analysis Program, 2003). Of
the 233 species found in NERI, approximately 93 were detected during breeding season and,
therefore, may nest in the park (Pauley et al. 1997). Current research at NERI includes pointcount surveys for birds at two deciduous forest stands (Shaw 2002), Monitoring for Avian
Productivity and Survivorship (MAPS; Canterbury et al. 2002), fall migration bird-banding
stations at Sandstone Falls (Canterbury and Stover 1998), and point-count surveys in hemlock
stands (Wood 2000). The avian communities of NERI also have been studied at proposed
development sites (Pauley 1993, Pauley et al. 1997), Kates Branch Wetland (Eye 1981), along
transmission right-of-way corridors (Michael and Voytko 1990), and various locations
throughout the park during the 1980s (Buhlman and Vaughn 1987). No surveys have been
conducted for nocturnal birds found in NERI.
Neotropical Migratory Birds:
Current Status and Significance: NERI is globally significant in providing critical habitat for
neotropical migratory birds (neotropical migrants), especially the wood warblers (Family
Parulidae). These species depend upon unfragmented mixed-deciduous forests with welldeveloped canopies and gap dynamics (e.g., tree falls) in place. Cerulean warblers, a species of
neotropical migrant that is in decline throughout the Northeast and is a candidate for federal
listing, appear to have a concentrated distribution in and around NERJ (Rosenberg et al. 2000).
This population of cerulean warblers may be a critical source population for the Appalachians
(Rosenberg et al. 2000). Several other species of neotropical wood warblers found at NERI,
including Swainson's warbler {Limnothlypis swainsonii), wood thrush (Hylocichla mustelina),
Kentucky warbler (Oporornis formosus), and worm-eating warbler (Helmitheros vermivorus),
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are either species of special concern in West Virginia (Swainson's warbler) or are on the Partners
in Flight (PIF) watchlist (wood thrush, Kentucky warbler, worm-eating warbler) (USFWS 1999).
The PIF watchlist does not include federally threatened or endangered species; rather, it
identifies those species that are still fairly common but which will probably someday become
threatened or endangered (USFWS 1999). Several species on the watchlist have declined
precipitously over the past several decades, occupy habitats that are under severe threat, are
found in low numbers, or have such restricted ranges that their existence is tenuous (USFWS
1999).
Aside from the species dependent upon mature, unfragmented forests, some bird species depend
upon small (<1 ha [2.47 ac]) forest gaps created by tree falls and other natural and/or human
induced disturbances (e.g., logging, land clearing around abandoned mine sites). These forest
gaps contain early successional vegetation communities and add vegetative and structural
diversity to the forest landscape. The golden-winged warbler (Vermivora chrysoptera), a species
of special concern in West Virginia and declining throughout the eastern U.S., is a species that
depends on these gap dynamics and is currently found in NERI (Pauley 1993; Pauley et al. 1997;
Canterbury et al. 2002).
Hemlock stands provide another important habitat component for rare species of birds at NERI
(Wood 2000). The Swainson's warbler and Louisiana waterthrush (Seiurus motacilla), two
species that are either species of special concern or listed on the PIF watchlist in West Virginia,
nest along streams in forests with some hemlock and/or rhododendron component (Wood 2000;
O'Connell et al. 2003).
Threats: Populations of neotropical wood warblers are threatened by loss of forest habitat and
forest fragmentation, particularly along waterways and in upland forests. For example,
Buhlmann and Vaugh (1987) found that wood warblers were absent from two developed sites
within NERI, indicating that development and other forms of forest fragmentation could threaten
these species. Hemlock-dependent species will be adversely threatened if hemlock woolly
adelgid causes hemlock decline in the park.
Gaps in Knowledge: Despite ongoing studies, more research is needed to better understand avian
habitat relationships, avian distribution and abundance, and avian reproductive success at NERJ.
Suggested Management Recommendations:
• Determine habitat relationships, distribution and abundance, and reproductive success for
cerulean, Swainson's, Kentucky, worm-eating, and golden-winged warblers in NERI.
• Minimize fragmenting influences on forest blocks in NERI.
• Maintain and/or encourage natural gap dynamics in the forests of NERI in order to support
populations of golden-winged warblers in the park.
Waterbirds and Waterfowl:
Current Status and Significance: The waterways of NERI support species of birds that depend on
good water quality (e.g., Louisiana water thrush, belted kingfisher [Ceiyle alcyonT). Waterdependent species found in NERI, such as green herons (Butorides virescens), great blue herons
{Ardea herodias), spotted sandpipers (Actitis macularia), and various species of waterfowl, use
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riparian corridors along tributaries and emergent weed beds for foraging habitat (Buhlmann and
Vaughn 1987).
Threats: Poor water quality threatens populations of aquatic-dependent avian species in NERI.
Gaps in Knowledge: Little is known about the effects of water quality, especially along polluted
tributaries, on the aquatic-dependent avian communities of NERI.
Suggested Management Recommendations:
• Improve and prevent further degradation of water quality in tributaries and in the main stem
of the New River.
• Conduct riparian surveys for herons, sandpipers, waterfowl, and kingfishers in the park.
Raptors:
Current Status and Significance: Buhlmann and Vaugh (1987) and Pauley et al. (1997)
documented 13 species of raptors in NERI. Peregrine falcons (Falco peregrinus), once a
federally listed species and since delisted, have been sighted in the gorge and could potentially
nest on the cliff faces at NERI (Sullivan 1995). Peregrine falcons have been hacked in NERI,
but no current or historical nesting records for the park exist (Sullivan 1995; Jarvis 2002).
Ongoing efforts to determine if peregrines are nesting in the park include "Cliff Watch," a
cooperative effort between NERI, WV DNR, and volunteers. Cliff Watch volunteers conduct
field surveys for peregrines during the first week in April (Sullivan 1995). In addition to the
peregrine, another rare raptor, the bald eagle (Haliaeetus leucocephalus), has been documented
in the park (NPSpecies 2003).
Threats: Raptors are particularly susceptible to West Nile virus, but this pathogen has the
potential to negatively affect various bird species in NERI. Rock-climbing may disturb any
peregrines that attempt to nest in NERI.
Gaps in Knowledge: Until recently, a complete raptor survey has not been conducted for NERI.
In 2003, however, a raptor survey for the park was funded (R. Watts, 2003, College of William
and Mary, Williamsburg, VA).
Suggested Management Recommendations:
• Determine distribution, abundance, and reproductive success of raptors that breed in the park.
• If peregrines are found attempting to breed in the park, limit visitor access to nesting sites for
the duration of the breeding season.
Wild Turkey:
Current Status and Significance: Based on harvest records, wild turkey populations in West
Virginia appear to be stable or expanding (WV DNR 2003). Biologists estimate that there are
approximately 130,000 turkeys found in West Virginia (WV DNR 2003). The last decade has
ranked as the most productive turkey harvest period on record in West Virginia. In 2002, 19
turkeys were harvested from NERI (WV DNR 2003). Hunters may have harvested many more
turkeys within NERI but failed to indicate locations on harvest records.
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Threats: None known at this time.
Gaps in Knowledge: A more accurate accounting of the number of turkeys found within and
harvested from the park is needed.
Suggested Management Recommendations:
• Continue to permit harvesting of wild turkeys in NERI.
• Determine population size and quantity of wild turkeys harvested in NERI.
Reptiles
Thirty-eight species of reptiles have been documented in NERI (NPSpecies 2003), and this
community is further described by Pauley et al. (1997). Based on data from the West Virginia
Gap Analysis Program (WV GAP) (2003), approximately 79.5% (31 of 39 species) of the
reptiles of West Virginia are predicted to occur in NERI and 62% (10 of 16) of the reptile species
of special concern are predicted to occur in the park (Table 2).
Turtles:
Current Status and Significance: Five species of turtles are found in NERI (Seidel 1981; Green
and Pauley 1987). Within NERI, two subspecies of the painted turtles {Chrysemys picta
marginata and C. p. picta) are found and NERI is one of the few areas where these subspecies
interbreed, making the park regionally significant for painted turtles (Buhlmann and Vaughn
1987). Research conducted on the eastern river cooter {Chrysemys concinna), a species of
special concern in West Virginia, confirmed that this is a native turtle in NERI (Buhlmann and
Vaughn 1987, Table 2). One other turtle species of special concern, the common map turtle
(Graptemys geographica), is known from NERI (Table 2).
Threats: Poor water quality in the tributaries and main stem of the New River may adversely
affect turtle populations in NERI.
Gaps in Knowledge: Little is known about distribution and use of the New River by turtles,
especially those in the family Emydidae.
Suggested Management Recommendations:
• Improve and prevent further degradation of water quality in the tributaries and main stem of
the New River.
• Determine distribution and use of the New River by turtles in the family Emydidae.
Lizards and Snakes:
Current Status and Significance: Timber rattlesnakes (Crotalus horridus) are known from
several locations at NERI including Stone Cliff, Glade Creek, and Grandview (I. Perez, 2004,
NPS, per. comm.). Buhlmann and Vaughn (1987) did not find timber rattlesnakes or the rare
coal skink (Eumeces anthracinus) in their surveys of NERI although they did find large
populations offence lizards {Sceloponis undulatus), five-lined skinks {Eumeces fasciatus), and
copperheads {Agkistrodon contortrix). Three other reptile species of special concern, the broad-
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headed skink (Eumeces laticeps), eastern worm snake (Carphophis amoenus), and rough green
snake (Opheodrys aestivus) are known from NERI (Table 2) (NPSpecies 2003).
Threats: Unknown
Gaps in Knowledge: There are almost no data for lizards and snakes within NERI, although rock
outcrops and cliff faces in the park provide potential habitat for these reptiles. Babcock State
Park, which lies within the authorized boundary of NERI, contains den sites of timber
rattlesnakes.
Suggested Management Recommendations:
• Conduct a park-wide survey for lizards and snakes.
• If den sites for rattlesnakes are located their location should be mapped so that they can be
protected from development and visitor use.
Amphibians
Continuous forest, abandoned mine portals, and river/stream systems of NERI provide habitat for
a diverse, nationally significant assemblage of amphibians. NPSpecies (2003) contains records
for 48 species of amphibians known from NERI. These species represent 82% (37 of 45 species)
of the amphibian species known from West Virginia and 60% (10 of 17 species) of the state
species of special concern (WV Gap Analysis Program 2003).
Salamanders:
Current Status and Significance: Pauley et al. (1997) found that NERI contained a diversity of
woodland salamanders, an outstanding natural value that is characteristic of the Appalachians.
In fact, the southern Appalachians contain the most diverse temperate salamander communities
in the world (Southern Appalachian Biodiversity Institute 2003).
The eastern hellbender (Cryptobranchus alleganiensis), a species of special concern in West
Virginia, may occur within NERI though it has never been documented. Buhlmann and Vaughn
(1987) conducted intensive searches for this species in the park and found none. The mudpuppy
(Necturus macidosus), another large aquatic salamander, was captured by Buhlmann and Vaughn
(1987) in NERI.
The black-bellied salamander (Desmognathus quadramaculatus), a species of special concern in
West Virginia, is at the northern most portion of its range in NERI (McDonald and Harmon
1989). This species is used as popular fishing bait and may be susceptible to over-collecting.
Nielsen and Orth (1988) indicated that over 50% of all commercial bait licensees handled
salamanders. Despite this consumptive use of the salamander recent research indicates that the
black-bellied salamander is more common than previously thought in the park (Pauley et al.
1997, Purvis etal. 2002).
Cave salamanders, another species of special concern in West Virginia, use abandoned coal
mines at NERI (Pauley et al. 1997; Bryan et al. 1999). Cave salamanders use other habitat (e.g.,
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fractured rock) in the park, but mine portals allowed researchers to easily find the salamander
and confirm its presence in the park.
Wet sandstone cliffs are critical habitat for the rare green salamander {Aneides aeneus) and the
common slimy salamander {Plethodon glutinosus) (Buhlmann and Vaughn 1987, Pauley 1993,
Pauley et al. 1997). Tributaries of the New River contain a high species riclmess of salamanders
within the park (Buhlmann and Vaugh 1987). Dowdy Creek appears to be an especially
important, high-quality stream supporting both black-bellied and spring salamanders
{Gyrinophilus porphyriticus) (Buhlmann and Vaugh 1987).
Jefferson salamanders (Ambystomajeffersonianum) and Cumberland plateau salamanders
{Plethodon kentucki), both species of special concern in West Virginia, are found in NERI
(Pauley et al. 1997). The cheat mountain salamander {Plethodon nettingi), a federally listed
threatened species, is predicted to occur in NERI by WV GAP (2003); however, it has not been
documented within the park and the appropriate habitat (boreal forests) is not available in the
park.
Threats: Poor water quality in the tributaries and main stem of the New River threatens
salamander populations in the park. In addition, over-collecting of salamanders by anglers and
commercial bait harvesters may threaten salamander populations in NERI. Invasive, nonnative
plants in wetlands and riparian areas may adversely affect breeding habitats for salamanders.
Gaps in Knowledge: Little is known about the occurrence and distribution of ephemeral pools
and other small wetlands in the park and their use by salamanders. More research is needed to
ascertain the use of the New River and its tributaries by salamanders, especially by the eastern
hellbender and other stream salamanders. In addition, the extent of use of abandoned mine
portals by salamanders should be determined.
Suggested Management Recommendations:
• All abandoned mine portals used by salamanders, especially those of special concern, should
be mapped and protected from visitor use.
• Wetlands should be mapped and their use by salamanders determined.
• Water quality in the New River and its tributaries should be improved and not further
degraded.
• Surveys for stream salamanders, especially for the eastern hellbender, should be continued in
the park.
Frogs and Toads:
Current Status and Significance: Little is known about the distribution and abundance of frogs
and toads in NERI. They potentially are an important food resource for herons and riparian
mammals.
Threats: Nonnative frogs such as the green treefrog {Hyla cinerea) and squirrel treefrog {Hyla
squirella) may be being inadvertently introduced to NERI from motor homes and deserve further
study.
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Gaps in Knowledge: Little is known about the distribution and abundance of frogs and toads in
NERI.
Suggested Management Recommendations:
• Wetlands should be mapped and their use by frogs and toads determined.
• Water quality in the New River and its tributaries should be improved and not further
degraded.
• Park-wide surveys for frogs and toads should be conducted.
Fish
Compared to other groups of vertebrates, there has been quite a bit of research on the fish of
NERI. For example, Addair (1944) and Stauffer et al. (1980) conducted general aquatic
biological surveys of the New River in West Virginia and Virginia. Purvis et al. (2002) provided
a complete list of all fish species known from NERI and their status within the park (e.g., native,
nonnative, rare, common, etc.). Despite continued research, there does seem to be some
discrepancy as to the exact number offish taxa found in NERI. For example, NPSpecies (2003)
lists 72 species offish from NERI, but Purvis et al. (2002) indicates that 90 species offish are
known from the entire New River watershed. Based on WV GAP data, which predicts 68
species offish to occur in NERI, the fish species found in the park represent 40% (68 of 167
species) of the fish species known from West Virginia and 10% (7 of 68 species) of the species
of special concern from West Virginia (WV Gap Analysis Program 2003).
A variety of habitat types within the New River, including runs, riffles, pools, pool edges, and
environments created by submerged snags, support a diversity of fish. The most common
species within the New River are bigmouth chub (Nocomis platyrhynchus), spotfin shiner
(Cyprinella spiloptera), silver shiner {Notropis photogenis), mimic shiner (Notropis volucellus),
bluntnose minnow (Pimephales notatus), channel catfish (Ictalurus punctatus), flathead catfish
(Pylodictis livaris), and smallmouth bass (Lobb and Orth 1987, Purvis et al. 2002). Small
tributaries contain brook trout {Salvelinus fontinalis), rosyside dace (Clinostomus funduloides),
blacknose dace (Rhinichthys atratulus), creek chub (Semotilus atromaculatus), mottled sculpin
(Cottus bairdii), and fantail darter {Etheostoma flabellare).
Five guild assemblages of fish (segregated by habitat) are present in the New River within NERI
(Lobb and Orth 1987). These fish guilds (edge-pool guild, habitat-generalists guild, pool guild,
edge-channel guild, and run guild) seem to segregate due to the differences in predation risk and
food availability among habitat types. In general, velocity and vegetation were most strongly
correlated with fish densities; therefore, changes in these variables due to daily flow fluctuations
associated with potential hydropower generation at Bluestone Dam may negatively affect fish
densities within certain guilds in the New River (Lobb and Orth 1987).
Native Nongame Fish:
Current Status and Significance: The New River drainage has a native fish fauna that is distinct
from those of the rest of the Ohio River system (Jenkins and Burkhead 1994). The fauna are
composed of relatively few native species with a high proportion of these species being endemic
(Lincoln et al. 1982). The high rate of endemism is primarily due to the isolation of the New
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River from neighboring river systems by Kanawha Falls (Sheldon 1988). Seven species offish
are endemic to the New River drainage (Stauffer et al. 1980; Jenkins and Burkhead 1994):
bigmouth chub, New River shiner (Notropis scabriceps), Kanawha minnow (Phenacobius
teretulus), fine-scaled saddle (candy) darter (Etheostoma osburni), Bluestone sculpin (Cottus
sp. [undescribed]), Kanawha darter (Etheostoma kanawhae), and Appalachian darter (Percina
gymnocephala). However, only the bigmouth chub, a species of special concern in West
Virginia, and the New River shiner have been collected within the boundaries of NERI (Stauffer
et al. 1980, Welsh and Wellman 2001, J. Purvis, 2004, NPS, pers. comm.) (Table 2).
The bigmouth chub spawns in mid-May in riffle, run, and tail-of-pool habitats (Lobb and Orth
1988). Areas with gravel (used for nest building), shallow depths, and moderate velocities are
preferred spawning habitat for this species (Lobb and Orth 1988).
Threats: Waterflow changes may negatively affect spawning habitat for the bigmouth chub. For
example, minimum waterflow must maintain sufficient depths over spawning areas to prevent
dewatering, but not be too high so as to erode gravel nest mounds, especially during peak
spawning activity (Lobb and Orth 1988). Poor water quality in the tributaries and main stem of
the New River threatens fish populations. Nonnative fish threaten native fish assemblages
through competition for habitat and food.
Gaps in Knowledge: The effects of nonnative fish on native fish needs to be better understood in
the park. The effects of waterflow regulation on native fish needs to be better understood
Suggested Management Recommendations:
• Water quality in the park should be improved and not further degraded.
• Continue to monitor the park to determine the abundance and distributions of both native and
nonnative fish.
• Determine the effects of nonnative fish and waterflow regulation on the native fish of NERI.
• Discourage further introductions of nonnative fish to NERJ.
Nonnative Fish:
Current Status and Significance: The New River watershed has an unusually high number of
nonnative fish. Forty-seven species of fish in the New River watershd are native and 43 are
nonnative (Purvis et al. 2002). With 48% of its fish fauna being nonnative, the New River
system has the largest number and proportion of nonnative fish species among major eastern and
central North American drainages (Jenkins and Burkhead 1994, Mott 1995). Prior to European
settlement, Kanawha Falls acted as a natural barrier to fish migration, and the portion of the New
River above the falls was relatively depauperate in fish diversity but had a high rate of endemism
(Jenkins and Burkhead 1994). Today, as a result of nonnative species introductions, species
distribution above and below the falls is about equal (Cincotta et al. 1999). Recent research
indicates that several species of nonnative fish have expanded their range in the park (Cincotta et
al. 1999). The most recent addition to the New River fauna is the rudd (Scardinius
erythrophthalmus), a minnow native to Europe (Easton et al. 1991).
One factor that appears particularly important in the introduction and the spread of normative fish
species in NERI is the dumping of bait buckets by anglers (Purvis et al. 2002). In particular,
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least brook lamprey, telescope shiner, whitetail shiner, spottail shiner, and variegated darter are
probably benefiting from bait bucket dumping (Purvis et al. 2002). The introduction of
nonnative fish and their range expansions within the New River could have negative effects on
native fish populations. For example, the variegated darter and rainbow darter {Etheostoma
caeruleum) are nonnatives that may out compete natives (Welsh and Wellman 2001).
Threats: None
Gaps in Knowledge: The rate of continued nonnative fish introductions and their effects on
native fish is unknown.
Suggested Management Recommendations:
• The abundance, distribution, and range expansion of all nonnative fish should continue to be
monitored in NERI.
• The introduction of nonnative fish should be discouraged.
Game Fish:
Current Status and Significance: The New River within NERI is one of the most important
warm-water fisheries in West Virginia and is one of the most heavily fished areas in the eastern
U.S. (Purvis et al. 2002; Jones and Purvis 2003). The New River contains excellent warm-water
fish habitat, with a pool-riffle geomorphic structure, abundant cover, and generally good
chemical quality. New River game fish include muskellunge, channel and fiathead catfish, white
crappie (Pomoxis annularis), black crappie (Pomoxis nigromaculatus), smallmouth bass, spotted
bass (Micropterus punctulatus), largemouth bass, and walleye (Sander vitrewn) (National Park
Service 1994). Most game fish presently found in the New River were deliberately introduced,
and only four game fish, American eel (Anguilla rostrata), channel and fiathead catfish, and
green sunfish (Lepomis cyanellus), are native (Jenkins and Burkhead 1994). In addition, the
state of West Virginia stocks nonnative rainbow and brown trout in the tributaries to the New
River within NERI (Mott 1995).
One of the most sought after game fish in the New River is smallmouth bass. This game fish is
not native to the New River or its drainages and was probably first introduced in West Virginia
in the early 1800s (Jenkins and Burkhead 1994). This species supports a valuable recreational
fishery throughout its native and introduced range. Smallmouth bass decrease in abundance
downstream of Bluestone Dam, correlating with a decrease in macroinvertebrate production
downstream from the dam (Easton et al. 1995). Larval smallmouth bass feed primarily on
microcrustaceans, whereas larger young smallmouth bass switch their prey preference to aquatic
and larval insects, primarily Ephemeroptera (mayfly) nymphs (Easton et al. 1995). Large
smallmouth bass (>304 mm [>12 in]) feed primarily on fish and crayfish. New River
smallmouth bass spawn between late April and mid-July (Graham and Orth 1986), and timing of
spawning is triggered by temperature. High flow in the New River caused by dam discharges or
natural flooding events could interrupt smallmouth bass spawning activity and decrease foraging
success, especially during early summer (Graham and Orth 1986; Easton et al. 1995). In order to
protect this important recreational resource, catch-and-release for smallmouth and largemouth
bass is in effect in NERI between 1-64 and the takeout at Grandview sandbar (J. Purvis, 2003,
NPS, pers. comm.).
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Threats: Over-harvesting of game fish is a potential threat to these populations in NERI.
Poor water quality in the New River and its tributaries threatens game fish populations.
Gaps in Knowledge: Little is known about the impacts of state fishing regulations, including
deliberate stocking, on game fish in the New River.
Suggested Management Recommendations:
• Determine how state fishing regulations affect game fish in the New River (e.g., is catch and
release increasing populations of small mouth bass in the New River?).
• Continue to monitor game fish abundance, distribution, and reproductive success in NERI.
• Determine how nonnative game fish affect native fish species in NERI.
• Water quality in the New River and its tributaries should be improved and not further
degraded..
Aquatic Invertebrates
Molluscs, crayfish, and other macroinvertebrates are important components of aquatic
environments in the park. Almost nothing is known about aquatic gastropods and cave
crustaceans found in NERI. However, at least five species of pulmonate snails are found in the
New River (Dillon and Benfield 1982) and abandoned mine portals in the park may provide
significant habitat for cave isopods.
Mussels:
Current Status and Significance: The majority of mussel beds in NERI exist in the upper third of
the park (Jirka and Neves 1987). Mussels decrease significantly in abundance below Glade
Creek with no living or dead mussels found in the lower 12.8 km (eight mi) of river within NERI
(Jirka and Neves 1987). Jirka and Neves (1987) identified eight species of mussels in NERI that
were predominately found on gravel, cobble, and sometimes sandy substrate. In addition,
submerged aquatic vegetation is important for the establishment of mussel beds in NERI. It is
hypothesized that these submerged aquatic vegetation provide habitat to the fish hosts of the
larval mussels (Jirka and Neves 1987). Additionally, the environmental conditions created by
islands in the New River seem to support mussel beds (Jirka and Neves 1987).
Pennington and Associates (2002) found only five species of mussels in their study area within
NERI. Pennington and Associates (2002) did not find any of the uncommon mussels (e.g.
pocketbook mussel [L. ovata], wavy-rayed lampmussel [L. fasciola], or elktoe mussel
[Alasmidonta marginata]) found by Jirka and Neves (1987). Whether this is due to their limited
study area or loss of these taxa from NERI is unknown. However, Pennington and Associates
(2002) did detect mapleleaf mussel (Quadrula quadrula) in the park, a species of mussel not
collected by Jirka and Neves in 1987.
Mucket pearly mussel (Actinonaias [ligamentina] carinata) is the most common mussel species
within NERI although this species has never been collected in the New River upstream of
Roundbottom Creek (Markham et al. 1980, Pennington and Associates 2002). Two species of
mussels, pistolgrip mussel (T. verrucosa) and pocketbook mussel, may have been more common
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in the river in the recent past (Jirka and Neves 1987). Pennington and Associates (2002) found
relic shells of the pistolgrip mussel in NERI but no living specimens.
Although NERI supports abundant mussel fauna, it is relatively low in diversity (Jirka and Neves
1987). The relatively low diversity of mussel fauna within NERI (eight or nine species) is
notable when compared with the diversity of mussels (34 species) found in the Kanawha River
(Taylor 1983). Physical barriers to upstream dispersal offish and mussels, particularly Kanawha
Falls, have probably the greatest influence on mussel diversity in the park (Jirka and Neves
1987).
The native mussel communities of the New River constitute an important part of the benthic
community of NERI and steps should be taken to protect this valuable resource. Because native
mussels are declining throughout the Appalachians, and because of their dependence on good
water quality, most native mussels are recognized as species of special concern in West Virginia
(Table 2).
Threats: Runoff, a result of the construction of 1-64, and periodic low summer flows, have
caused mortality of mussels within NERI (Jirka and Neves 1987). In addition, habitat alterations
associated with potential hydroelectric power generation threaten mussel diversity. In particular,
changes in substrate type and stability (e.g., erosive discharges), and high silt loads associated
with dam discharges and sedimentation may negatively affect mussel communities (Jirka and
Neves 1987). Poor water quality in the New River also threatens native mussel communities in
NERI.
The native mussel community also may be at risk from competition with nonnative species. The
introduced Asian clam {Corbicula fluminea) is well established throughout the New River
(Stauffer et al. 1980). Unlike native mussels, Corbicula have free-swimming larvae (Pennak
1989) and, therefore, do not require a specific fish host to complete their life cycle.
Gaps in Knowledge: A very invasive, nonnative mollusc, the zebra mussel (Dreissena
polymorpha), has not been detected in NERI (U.S. Geological Survey [USGS] 2003), but the
park should monitor for its presence.
Suggested Management Recommendations:
• The native mussel fauna found in NERI deserves further study to better understand their
abundance, diversity, and distribution in the park.
• Water quality in the New River should be improved and not further degraded.
• Continue to monitor for zebra mussels and other nonnative mussels in the park and prevent
their introduction.
Crayfish:
Current Status and Significance: Seven species of crayfish have been described from NERI
(Roell and Orth 1985, NPS 1994): Sanborn's crayfish (Orconectes sanbornii), northern crayfish
(O. virilis), Tennessee River spiny crayfish (O. spinosus), Allegheny crayfish (O. obscurus),
Appalachian brook crayfish (Cambaraus bartonii), rock crayfish (C. carinirostris), and Teays
River crayfish (C. sciotnensis) (Markham et al. 1980; Jezerinak et al. 1995). The two species of
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Cambarus are considered native. Although the New River crayfish (C. chasmodactylus) has not
been collected within NERI, it is listed as a species of special concern in West Virginia and
should be searched for within the park. This species has only been collected in the Greenbrier
watershed of the New River. All species of Orconectes were likely introduced by anglers as
discarded or escaped bait (Purvis et al. 2002). By 1979, O. virilis comprised 90% of the crayfish
collected at five seine sites between Bluestone Dam and Sandstone Falls (Markham et al. 1980).
Crayfish are an important food item for many birds, mammals, and reptiles and are the major
food item for large smallmouth bass (Roell and Orth 1985). Crayfish also support an important
recreational and commercial bait fishery in NERI (Nielsen and Orth 1988; Jones and Purvis
2003). At current levels, the commercial harvest seems to be sustainable in NERI with annual
harvest by anglers and commercial bait catchers at about 4% of annual production (Roell and
Orth 1985). By comparison, smallmouth bass consumed 23% of the annual production, with
rock bass (Ambloplites rupestris) consuming 21% of annual production.
Threats: Competition with nonnative crayfish is a major factor contributing to 50% of U.S. and
Canada crayfish being in need of conservation recognition. Increases in the current harvest rates
for crayfish in NERI may threaten their population stability in the park. In addition, poor water
quality in the New River and its tributaries may negatively affect crayfish populations in NERI.
Gaps in Knowledge: Little is known about the abundance and distribution of the native crayfish
populations in NERI.
Suggested Management Recommendations:
• Continue research (Jones and Purvis 2003) that may help elucidate the abundance and
distribution of the New River's crayfish populations.
• Periodic surveys of commercially licensed bait retailers and anglers should be conducted to
assess the magnitude of the annual harvest of both native and nonnative species of crayfish.
Macroinvertebrates:
Current Status and Significance: A Long Term Ecological Monitoring System (LTEMS) for
macroinvertebrates was established at NERI in 1988 and currently includes four monitoring
sites: Bluestone Dam, Sandstone Falls, Prince, and Thurmond (Voshell et al. 1996). LTEMS
data indicate that aquatic macroinvertebrates are most abundant at Bluestone Dam, but the
macroinvertebrate community at Sandstone Falls is the most diverse. Overall, aquatic
invertebrate abundance is highest directly below Bluestone Dam and decreases downstream
(Voshell 1985).
Pauley et al. (1997) collected, identified, and analyzed aquatic macroinvertebrates from
Fayetteville, Prince, Thurmond, Meadow, and Hinton quadrangles of NERI. Macroinvertebrate
data collected at 15 sites within these quadrangles indicated significant pollution impacts to
streams. A study of macroinvertebrates in headwater streams of NERI found that both upper and
lower reaches of Rush Run were significantly impaired due to poor water quality (Marshall
2001). In general, upper reaches of headwater streams in NERI have lower taxa richness, fewer
EPT (Ephemeroptera, Plecoptera, Trichoptera) taxa, and lower biotic indices than lower reaches
(Marshall 2001).
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Hellgrammites (Megaloptera sp.) are relatively large aquatic macro invertebrates that provide
food for game fish and bait for anglers, and support a recreational and commercial bait fishery in
and around NERI (Nielsen and Orth 1988; Roell and Orth 1985). Roell and Orth (1985)
determined that 8% of the annual production of age 1 and 2 hellgrammites is harvested by
anglers and commercial bait dealers. By comparison, rock bass consumed about 13% of this
production, and smallmouth bass and flathead catfish together consumed less than 2%. Any
increase in hellgrammite harvest by anglers and commercial bait dealers could potentially be
detrimental to fish in NERI, especially to rock bass.
Threats: Poor water quality in the tributaries and main stem of the New River threaten
populations of macroinvertebrates in NERI. In addition, the macroinvertebrate community in
NERI may be negatively affected by severe flood events (Lobb and Orth 1987). In NERI,
macroinvertebrates are found in stream sediments and clinging to macrophytes. Increases in
natural or human-induced (e.g., dam releases) flood events could result in increased streambed
and bank instability, streambed scouring, erosion, and turbidity, which discourages riparian
vegetation and streambed vegetation and algal growth (Lobb and Orth 1987). Any reduction in
macrophytes and the dislodging of clinging macroinvertebrates would reduce the standing stock
of macroinvertebrates in the New River and, potentially, have negative impacts on fish
productivity (Lobb and Orth 1987). Furthermore, the application of the bacterial pesticide,
Bacillus thwingiensis var. israelensis (Bti) to control black flies (Simuliidae) in the New River is
a factor that may negatively affect macroinvertebrates
Gaps in Knowledge: The ability of the current LTEMS marcroinvertebrate program at NERI to
detect trends in population abundance and distribution of macroinvertebrates is unknown.
Suggested Management Recommendations:
• Evaluate the LTEMS program at NERI to determine if it can detect statistically significant
trends in macroinvertebrate populations. Re-design program if necessary.
• Water quality at NERI should be improved and further degradation should be prevented.
• Conduct periodic surveys of commercially licensed bait retailers and anglers to assess the
magnitude of the annual harvest of hellgrammites in NERI (Roell and Orth 1985).
Black Fly Larva:
Current Status and Significance: Black flies are found throughout the New River with the
primary breeding area in the section between Hinton and Meadow Creek (Voshell 1984). The
direct application of Bti by West Virginia to control black fly larva in the New River may
detrimentally affect the availability of food for foraging fish, including smallmouth bass. For
example, Voshell (1984) predicted that application of Bti would reduce the net productivity of
caddisfly (Trichoptera) species and damselfly (Odonata) species and could reduce the
productivity of the hellgrammite population. However, several researchers could find no
conclusive evidence that Bti application negatively affected macroinvertebrate production,
macroinvertebrate community structure, fish growth and condition, or fish community structure
(Voshell and Orth 1995). Smallmouth bass and other fish species may have adjusted their diet in
light of black fly spraying because an earlier study indicated that, numerically, black flies were a
significant component of the diet offish in the New River (Hess 1983). In 1983, prior to
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commencement of black fly spraying, 24 of 26 fish species electroshocked in the New River
below Bluestone Dam contained black flies in their stomachs (Hess 1983).
Smith and Marini (1998) examined several data sets (water chemistry, fish communities and
populations, macroinvertebrates, and macrophytes) to determine if spraying of Bti to reduce
black fly larvae altered the ecological community. They found no discernible effect on the
ecological community other than its intended purpose (the reduction of black fly populations).
They concluded that the ecological community within the New River is consistent with that of an
impoundment river system and is primarily influenced by dam discharge.
Threats: Continued Bti application reduces black fly populations within NERI.
Gaps in Knowledge: The change in prey selection by smallmouth bass and other fish that feed on
black fly larva is unknown.
Suggested Management Recommendations:
• Continue to monitor macroinvertebrates and fish communities to determine if spraying of Bti
has a negative affect on the biota of the New River within the park.
• Examine prey selection of fish post-5h application to determine how prey use has changed
due to control of black fly larva in the New River.
Terrestrial Invertebrates
Very little is known about the terrestrial invertebrates of NERI. The particular habitats found in
NERI, such as the abandoned mine portals and cliff faces, could support distinct assemblages of
invertebrates. The abandoned mine portals at NERI provide a notable opportunity for insects as
they may support diverse assemblages of rare insects, especially tiger beetles (Cicindela spp.).
Insects:
Current Status and Significance: NPSpecies (2003) only lists 67 taxa (genera, species, or
families) of insects as being from the park. However, based upon WV GAP data, 85% (105 of
123 species) of the butterflies known from West Virginia are predicted to occur in NERI.
Furthermore, 78% (21 of 27 species) of the state's butterfly species of special concern are
predicted to occur in NERI (WV Gap Analysis Program 2003).
Threats: Unknown
Gaps in Knowledge: Little to no research has been conducted on the insects found within NERI.
Despite the predictions by the WV GAP data, no comprehensive inventory of butterflies or other
terrestrial insect taxa have been conducted at NERI.
Suggested Management Recommendations:
• Conduct surveys for insects in the abandoned mine portals of NERI.
• Conduct park-wide but habitat-specific surveys for insects.
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Terrestrial Gastropods:
Current Status and Significance: NPSpecies (2003) only contains one record of a gastropod from
NERI.
Threats: Because of the presence of significant cliff environments at NERI, the potential for
finding an exceptional assemblage of snails is high. Recreational use of cliff faces may threaten
gastropod communities. For example, McMillan et al. (2003) found that snail density, richness,
and diversity were lower along climbing routes than in unclimbed areas.
Gaps in Knowledge: Nothing is known about cliff-face snail communities at NERI. The cracks
and crevices found in this habitat are potentially home to many species of snails. For instance, in
Wisconsin, 25% of the state's land snails were found on a single cliff face (Nekola and Smith
1999).
Suggested Management Recommendations:
• Research should examine the distinctive ecosystem of the cliff environment, including
looking at the invertebrates (including gastropods) that depend on this habitat type.
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Park-wide Perceived or Potential Threats to Natural Resources
at New River Gorge National River
Aside from the threats to individual natural resources described earlier in this report, several
other activities that occur in or around the park have the potential to affect a wide variety of
natural resources. These activities—non-point source water pollution, oil and gas operations,
mining (including mountaintop mining), parkway construction, and recreation—could affect
both aquatic and terrestrial ecosystems and processes at NERI.
Non-point Source Water Pollution
Non-point source water pollution is generated by development, roads, logging, mining,
agriculture, and other land uses. Major pollutants derived from non-point sources are
sedimentation, nutrient inputs (including sewage), and contaminants contained in stormwater
runoff.
Non-point source water pollution from agriculture may be transported to NERI from the
Greenbrier River, Bluestone River, and other upper subbasins that are experiencing increased
agricultural activity (Mott 1995). Nutrient inputs from the Bluestone River basins contribute to
eutrophication in Bluestone Lake (Mott 1995). Subsequent releases of phytoplankton in the
dam's tailwaters provide food for larval black flies in upper NERI (Voshell 1984). Additionally,
agricultural runoff can be a source of other contaminants such as herbicides applied to corn and
other row crops raised in the upper basins of the New River watershed (D. Chambers, 2004,
USGS, pers. comm.)
Almost one-third of the land within NERI boundaries remains in private ownership. NPS
authority on these lands is limited and uncontrolled human growth could increase non-point
pollution loads in the river and tributaries primarily due to increased pressure on inadequate
sewage treatment plants. Land-use planning is virtually nonexistent in this portion of West
Virginia, and land-use studies have not been conducted for the areas surrounding NERI.
Overall human population increased in West Virginia from 1990-2000 and the general trend is
for larger population centers in this portion of West Virginia to continue to grow (Mott 1995;
U.S. Census Bureau). In most municipalities stormwater and sewage are routed through the
same systems (Mott 1995). Urban runoff can be a source of heavy metals and other
contaminants and may be contributing to pollution in streams.
Non-point source pollution from highways also threatens water quality at NERI. Toxic spills of
chemicals along highways and railroads within the park are potential threats to streams (Purvis et
al. 2002). A major rail line runs the length of NERI leading from Charleston to markets south
and east (Mott 1995). Two major highways and four smaller roads also cross NERI, and the
approaches to the river are typically steep. Hazardous material spilled by a derailment or tankertruck accident would likely reach the New River. Approximately four derailments have occurred
in the past 10 years, usually spilling coal, but one accident involved sulfated mercury (Mott
1995). In an effort to prepare for potential chemical spills at NERI, the NPS has cooperated with
the USGS to conduct time-of-travel studies simulating the movement and dispersion of soluble
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and insoluble contaminants in the New River (Appel and Moles 1987). Models were then
employed to determine how and when releases from upstream impoundments could be used to
dilute a spilled chemical or speed its passage through sensitive park waters (Wiley 1992).
Oil and Gas Operations
The USGS estimated undiscovered potential combined oil and gas resources of 1,104,357,021.7
m (39 billion ft ) beneath NERI (Geologic Resources Division 2003). Land acquisition for the
formation of the park did not include mineral rights and much of the land within the authorized
boundary remains in private ownership. No law or legislation ensures that these natural gas and
oil deposits will not or cannot be extracted in the park (Mott 1995).
Increased natural gas and oil extraction activity, such as new drilling, reworking old wells, and
laying new gas lines, does have the potential to damage park resources (O'Dell and Norby 2002).
Potential impacts resulting from new gas or oil well drilling include: decline in surface water
quality due to erosion from access roads, drill sites, and pipeline corridors; contamination of
surface and groundwaters by drilling muds, fuels, brine, wastes, and other pollutants; deep zone
salt water infusion into shallow freshwater zones due to inadequately constructed, maintained, or
plugged wells; increased soil erosion and soil instability due to clearing, grading, and cut-and-fill
activities associated with roads, pipelines, and drilling site preparation; normative plant
introductions due to altered topsoil and other disturbances; decline in air quality due to dust from
construction, traffic, exhaust fumes, and natural gas flaring; increased habitat fragmentation due
to road building; disruption of wildlife and fish due to human activities and habitat alteration;
intrusion on viewsheds and night sky viewing due to roads, well pads, traffic, rig and production
site lighting, and gas flares; damage to archeological, cultural, and geologic resources due to
blasting for road or pad construction; and increased noise due to seismic exploration,
construction, drilling, and production operations (O'Dell and Norby 2002). Vegetation and soils
appear to be most impacted by gas and oil wells that are constructed on well pads in hilly,
forested terrain (O'Dell and Norby 2002). Based on current gas wells in the area, disturbances
associated with well pads vary in size from wide spots in the road up to about 0.8 ha (2 acres)
(O'Dell and Norby 2002).
In order to minimize the potential detriments to natural resources, NPS regulations governing
nonfederal oil and gas rights should be followed (36 CFR 9B). In many places in NERI, gas
gathering lines associated with wells are not buried and vegetation does not seem to be actively
managed along the lines, indicating that NPS regulations may not be being followed (O'Dell and
Norby 2002). Difficulty in enforcement of regulations and a lack of park boundary markers in
many locations make it impractical for the oil and gas operators to know when exactly they are
entering the park (O'Dell and Norby 2002). It is essential to determine ownership status of
current wells, determine the routes of gas lines, determine the parties responsible for their
maintenance and operations, establish a schedule and protocol for monitoring oil and gas
operations, gate lease roads, and plug inactive gas wells, and clearly mark park boundaries
(O'Dell and Norby 2002).
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Mining
As much as 7.1 million tons of surface recoverable coal are contained within the boundary of
NERI (NPS 1982). Land acquisition for the formation of the park did not include mineral rights
and much of the land within the boundary remains in private ownership. No law or legislation
guarantees these deposits will not or cannot be mined where they remain in private ownership
(Mott 1995). However, severe restrictions have been placed on coal mining in NERI's enabling
legislation and by the 1977 Surface Mining Coal and Reclamation Act (SMCRA) which
designates units of the NPS unsuitable for surface coal mining (Mott 1995). The implementation
of the SMCRA generally resulted in improved water quality in streams in the New RiverKanawha basin between 1980 and 1998 (Paybins et al. 2000). However, there were still
discernible effects of coal mining on streams in this basin. For example, streams draining basins
that have been mined since 1980 show increased dissolved sulfate, decreased median bedsediment particle size, and impaired benthic-invertebrate communities compared to streams not
mined since 1980 (Paybins et al. 2000). In addition, nickel, chromium, and zinc were found in
bed sediments in concentrations that could harm aquatic life (Paybins et al. 2000). Furthermore,
elevated sulfate concentration and slightly acidic water were more common at wells within 1,000
feet of reclaimed mines than elsewhere (Paybins et al. 2000). Finally, coal mining also has
changed the composition of gravel bars in the New River as coal particulates are introduced to
the sediment load and deposited in the bars (D. Chambers, 2003, USGS, pers. comm.).
Increased mechanization of coal mining in West Virginia has led to extensive use of mountaintop
removal mining to reach coal seams (Wiley and Brogan 2003). Excess overburden from
mountaintop removal is placed in adjacent headwater valleys, creating "valley fills."
Mountaintop mining and valley filling have replaced forested landscapes containing layered
sedimentary rocks with grass-covered landscapes underlain by poorly sorted rock fragments
(Wiley and Brogan 2003). Although there are no valley fill locations in or immediately adjacent
to NERI (Messinger 2003), as mining expands, this approach potentially could affect NERI. In
West Virginia, mountaintop mining seems to have an effect on peak discharges in streams. In
particular, valley fill practices seem to cause increased variability in flood events (Wiley and
Brogan 2003), probably due to changes in surface slopes and permeability, deforestation, and
other reclamation practices. Messinger (2003) found that large-scale surface coal mining and
associated valley fill changed the response of streams to storm events. During storm events
when rainfall intensity exceeded 2.5 cm (1 in) per hour, runoff from streams in a valley-filled
watershed exceeded peak runoff from an unmined watershed (Messinger 2003). This difference
was potentially due to loss of canopy cover in the filled valley, which helps to intercept and
retain rainfall (Messinger 2003).
New River Parkway, 1-64 to Hinton
In an effort to provide visitor access to the southern portion of NERI, the New River Parkway
has been proposed by West Virginia Department of Transportation (WV DOT) with the
preferred alternative following the western portion of the New River from 1-64 with one river
crossing near Sandstone Falls (USDOT, WVDOT 1998). The construction of this road would
expand the footprint of the existing Route 26 that follows a similar route along the western side
of this portion of the New River. The construction process and completed project will disrupt
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the visual resources of hillslopes and affect the highly important viewshed across the New River
upstream of Sandstone Falls (USDOT, WVDOT 1998). In addition, severe erosion and
sedimentation, and localized flooding could occur during construction if highly erodible, steep
slopes are destabilized. This erosion may have negative effects on terrestrial and aquatic habitat
(USDOT, WVDOT 1998). Furthermore, stormwater runoff from the completed road could
negatively affect water resources and wetlands within NERI (USDOT, WVDOT 1998).
Wetlands along the edge of New River will be adversely affected due to the placement of fill
materials into wetlands at bridge pier footings locations associated with proposed river crossings
(USDOT, WVDOT 1998). Impacts to terrestrial habitat will include disturbance and direct
habitat destruction resulting from project construction. Impacts to aquatic habitats will
encompass habitat destruction, potential disturbance of spawning beds, and filling or restricting
of streams (USDOT, WVDOT 1998). Several species of state species of special concern could
be negatively affected by construction. The elktoe mussel, a state species of special concern, and
the Indiana bat, a federally listed endangered species, have the potential to be negatively affected
by construction of this project. Several state species of special concern, a rare sedge (Carex
molesta), black-bellied salamander, green salamander, and Atlantic three-toothed snail
(Triodeopsis juxtidens), have the potential to be directly impacted by construction of this project.
An example of the Appalachian flatrock and sandstone cliff communities present in the park
could potentially be degraded or damaged as a result of increased human activities in and
adjacent to the new parkway. In addition, development of parkway recreation facilities may
have secondary negative impacts to natural resources at NERI (USDOT, WVDOT 1998).
Recreation
Recreation is a critical consideration in the assessment of natural resources at NERI (NPS and
New River Gorge Citizen's Task Force 1987). Approximately 1,230,000 people visited NERI in
2000, with visitation peaking in July. In addition, 150,000 visitors take commercially operated
white-water rafting trips through the New River Gorge. In 1987, the NPS and the New River
Gorge Citizen's Task Force prepared a river management plan for NERI. The purpose of the
plan was to provide the opportunity for high quality recreation experiences at NERI (NPS and
New River Gorge Citizen's Task Force 1987). The plan prioritized management actions, land
acquisition, and development concepts. Multiple approaches were recommended including
increasing visitor use by improving scenic byways and restricting visitors to primitive campsites
within federal lands (NPS and New River Gorge Citizen's Task Force 1987).
White-water Rafting
White-water rafting is the most significant recreational activity at NERI. Total average
expenditures by rafters on the New River in 1995 were $29.4 million and represented a
significant portion of the local economy. Rafters reported few natural resource impact problems
at NERI, but those that they identified included litter and debris along the river, trampled
vegetation, soil erosion, graffiti, bad odors, and sewage (Whisman et al. 1996).
White-water rafters negatively affect natural resources primarily at day-use and some overnight
camping sites (Cole and Marion 1987; Leung and Marion 1998). In general, the day-use sites are
free of litter; however, lunching clientele tend to spread themselves out across a day-use site so
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that, over time, these sites increase in size. Sites that are used repetitively are devoid of
understory vegetation and portions of the sites may be aesthetically unappealing due to latrine
use (primarily urination). As sites become aesthetically unappealing, rafting guides may seek
other sites for use, thus, leading to a proliferation of recreation sites along the river. In addition,
the riverbanks at these day-use sites are often eroded due to the movement of people from their
rafts to the site. Leung and Marion (1998) indicated that day-use and/or overnight sites that are
accessible by road, as opposed to those that are accessible only by river, tended to have more
negative natural resource impacts.
White-water rafting does not seem to negatively affect wildlife at NERI (Patterson et al. 1988).
Wood ducks (Aix sponsa) were the only species identified as potentially being affected by
recreational users along the New River (Patterson et al. 1988). Theoretically, breeding wood
ducks in May and June may be disturbed by increased human activities near nesting locations
along the New River. However, no study has been conducted that specifically identifies areas
used by wood duck broods and/or evaluates the impacts of recreational use on this species.
Literature suggests several management recommendations to minimize the effects of white-water
rafting day-use and overnight camping sites on natural resources. For example, at Delaware
Water Gap National Recreation Area, recreation impacts have been minimized through site
closure, concentrating use, and providing visitor information (Marion 1994). Where possible,
day-use and overnight camping sites can be designed and constructed to spatially concentrate
people; thus, allowing a site to support more people with fewer negative effects to natural
resources. Marion and Farrell (2002) recommend site designs for campsites that could be
adopted at day-use sites to minimize visitor impacts at NERI.
Rafters identified availability of bathroom facilities as the most serious facility problem on the
New River (Wliisman et al. 1996). In order to address this problem, latrines should be placed at
day-use and overnight camping sites (above the high-water level) for use by rafters (Marion
1994). Since the majority of day-use and overnight camping sites at NERI are accessible by road
(Leung and Marion 1998) these latrines could be pumped regularly.
Another way to minimize recreational impacts by white-water rafters is through educational
efforts with the guides, such as the Leave No Trace program (Leung and Marion 1998). Leave
No Trace implementations could include the use of portable toilets by guides and minimization
of the area used at recreation sites. It is imperative, however, that resource managers at NERI
work with the rafting community to best situate day-use and overnight sites in order to ensure
their proper use by rafters.
To better protect natural resources from damage of white-water recreation impact, all day-use
and overnight camping sites should be mapped and inventoried at NERI. A map of these sites
could then be overlaid with a map that depicts vegetation communities and rare species
occurrences at NERI. Rare and sensitive species and communities co-occurring with day-use
and/or overnight camping sites should be protected from potentially negative effects of visitors.
NERI personnel could close these sites and implement management recommendations to direct
users to other, less sensitive sites.
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Parking areas for rafting companies often are located on private lands but could have negative
impacts on natural resources in NERI by causing soil erosion, gas/oil leachate, and car exhaust.
In order to minimize these impacts, proper location and design of parking areas and access roads
would limit or eliminate many of these problems (J. Marion, 2003, NPS, pers. comm.). In
addition, a mapping effort showing the locations of parking areas and access roads would assist
managers in directing improvement efforts. Once again, it is vital to work closely with the
rafting community to ensure that improvements are incorporated even on private holdings.
Fishing
The stretch of river from Hinton to Sandstone Falls is one of the most popular fishing areas in
West Virginia (Buhlman 1990). Popular fishing sites at NERI are primarily located along the
banks of the New River downstream of Thurmond. The total area disturbed, as exhibited by
littering, de-vegetation, shoreline erosion, felled trees, soil, rock, and tree root exposure, soil
compaction, and human waste was less at fishing sites than at rafting day-use and/or overnight
camping sites (Cole and Marion 1987). The total land area disturbed at sites used by rafters was
50% greater than the area disturbed at sites used by anglers (Cole and Marion 1987). However,
litter and tree damage were more common at fishing sites than at rafting sites (Cole and Marion
1987). Anecdotal reports indicate that fishermen often start campfires and bum downed trees
and tires at fishing sites. The number of anglers using fishing sites is lower than the number of
rafters that use day-use and/or overnight camping sites; however, no data are available that
quantify fishermen use of NERI (Purvis et al. 2002).
Introduction and spread of nonnative species offish and crayfish through the dumping of bait
buckets by anglers is a pervasive problem in NERI (Purvis et al. 2002). In addition, nonnative
species of trout are stocked by the WV DNR in tributaries to the New River (Purvis et al. 2002).
Introducing nonnative species may disturb natural communities and is contrary to fundamental
NPS management practices (Purvis et al. 2002). Streams stocked with nonnative rainbow and
brown trout include Wolf Creek (temporarily not stocked due to poor water quality), both Glade
Creeks, Pinch Creek, Dunloup Creek, and Meadow Creek. In NERI tributaries, most stocked
trout do not survive the fishing pressure, poor water quality, and warm temperatures of summer,
and are replaced each spring by the state (Purvis et al. 2002). Currently, the New River is not
directly stocked with any fish, but stocked trout do migrate in from tributaries.
Trail and Road Use
Jensen et al. (1993) developed a trail plan for NERI that proposed equestrian, hiking, mountain
bicycling, interpretation, and wheelchair access trails. The implementation of this plan lead to
the development of a trail map that is available for the park (Jensen et al. 1993). The trail map
lists 27 official trails for the park. The use of well-designed day-use hiking trails should not have
an adverse effect on natural resources. However, horse trails potentially have a much more
negative impact on natural resources than hiking trails. The major problems with horse trails are
increased soil erosion, muddiness, and gradual trail widening (Marion, 2003, pers. comm.).
Biking trails have the potential to have the same negative effects as equestrian trails. Careful
placement and design of trails will limit the negative effects of biking and equestrian trails on
natural resources. Jensen et al. (1993) proposed one wheelchair accessible trail at NERJ.
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Although not currently completed, once the trail is in place and paved, it should not have
additional negative effects on natural resources.
In addition to trails, there are miles of backcountry roads in NERI that are no longer maintained
but still may be used by visitors for vehicular river access, hiking, and off-road vehicles.
Improper use of these roads has the potential to contribute to soil erosion. In order to prevent or
limit soil erosion public access to some backcountry roads should be limited. A survey of
backcountry road users should be conducted to ascertain which roads are most frequently used
and chosen routes should be properly designed and maintained.
Rock-climbing
Rock-climbing at NERI continues to grow in popularity as illustrated by the number of permits
requested and issued to climbing businesses (Jarvis 2002). Large groups and increased use of
commercial rock-climbing guide services have led to adverse natural resource impacts. These
impacts include:
• Soil erosion and compaction both at the top and bottom of cliffs
• Location of unauthorized trails to climbing areas that impact sensitive or critical habitat for
plant or animal species
• The potential for gymnastic chalk used by climbers to change the chemical balance of soils
and impact flora and fauna
• The potential for preventing peregrine falcons from nesting in NERI (Jarvis 2002).
The park banned the use of power drills in 1995 to discourage the placement of fixed anchors
and potential proliferation of new climbing trails. In addition, several rock-climbing sites are
monitored and climbing access periodically limited since 2003 to determine if peregrines use
these areas. A program that combines climber education, outreach, partnering with climber
organizations, and an assessment of climbing impacts on natural resources would help limit
negative effects of rock-climbing to natural resources at NERI (Jarvis 2002). In addition, maps
of popular climbing routes overlaid with maps of sensitive habitats and species would enable
resource managers to identify sites with potential conflicts between resource conservation and
recreational use.
Camping
Primitive camping by visitors is permitted at NERI. Little is known about these campsites and
their effects on natural resources in the park. These camping sites (including overnight camping
sites used by rafters) should be identified, mapped, evaluated, and improved if significant
adverse impacts to natural resources are found.
Hunting
No research has been conducted on the number of hunters or the effects of hunters on natural
resources at NERI. There is, however, the potential for littering, camping and its associated
impacts, and tree damage (from tree stand construction). Currently, populations of game animals
hunted in NERI do not seem to be adversely affected by hunting from a conservation perspective
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and a reduction of white-tailed deer populations would benefit many native plant communities
that are currently overgrazed by deer in the park (J. Perez, 2003, NPS, pers. comm.)
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Conclusions
NERI supports a variety of natural resources that are intrinsically significant to the park. The
globally significant natural resources found in NERI are large populations of Allegheny
woodrats, an abundance and diversity of breeding neotropical migratory birds, including the
cerulean warbler, an abundance and diversity of salamanders, the rare Appalachian flatrock
community type, and the large expanse of unfragmented forest that contains a diversity of forest
types (mixed-mesophytic, rimrock pines, oak-hickory, and hemlock). The nationally significant
natural resources found in NERI are floral diversity, especially within the New River Gorge
portion of the park, and the geology of the New River Gorge itself. Regionally significant
natural resources of the park are a diverse assemblage of bats and the co-occurrence of two
subspecies of painted turtles. Wetlands, healthy populations of game animals (white-tailed deer,
black bear, and wild turkey) and game fish (smallmouth bass and catfish), and the presence of a
variety of state species of special concern contribute to the local and state significance of the
park.
A particular combination of moist climate, steep topography, hard quartz sandstone geology, and
an ancient river system shaped the pre-European natural resource conditions at NERI. This
historic condition consisted of large expanses of mature mixed-mesophytic forest dotted with
smaller rimrock pine, oak, hemlock, and riparian forest components. Early successional habitat
consisted of forest openings created by tree fall gaps and Appalachian flatrock communities
shaped by repeated flood events. The quartz sandstone geology of the gorge walls made
landslides a periodic occurrence.
European settlement and industrialization completely transformed this landscape in the early- to
mid-20th century so that today, oak-hickory forests dominate at NERI, and Appalachian flatrock
and other riparian plant communities are declining due to the impoundment of the New River by
Bluestone Dam. However, forest succession is transforming the forest back to the mixedmesophytic forest type and many of the park's inherently significant resources, including diverse
avian, salamander, and floral communities, continue to thrive.
Today, within the large matrix of continuous forests, a wide variety of habitat elements (both
natural and cultural), support assemblages of plants and animals in the park. For example,
abandoned mine portals, a cultural landscape element, provide habitat for rare species of bats,
Allegheny woodrats, and cave salamanders. Sheer cliff faces support sensitive plant species, rare
green salamanders, and. perhaps, significant invertebrate assemblages. Forest seeps and the
Kates Branch Wetland contain populations of wetland birds, provide breeding ground for
amphibians, supply habitat for invertebrate assemblages, and contribute to vegetation diversity in
the landscape.
In much of the park the natural succession of oak-hickory forest to mixed-mesophytic forest
should be permitted to continue, as the presence of large, unfragmented blocks of forest and the
diverse forest components (mixed mesophytic, rimrock pine, oak-hickory, and hemlock) are
globally significant resources at NERI. However, forest components, such as oak-hickory forest
stands and rimrock pine communities, also should be maintained by the reintroduction of
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prescribed fire in appropriate locations throughout the park. Hemlock forests should be
monitored and protected from the invasive hemlock woolly adelgid and small, early successional
patches of habitat should be maintained around abandoned mine portals to allow species of birds
that rely on early successional habitat to persist in the park. The park's population of whitetailed deer should continue to be controlled through regulated hunting to ensure forest
regeneration and to protect the nationally significant floral diversity found in the park. A plan to
control invasive nonnative plant species also should be developed and implemented.
In order to restore disturbance-mediated riparian plant communities perhaps periodic floods,
reminiscent of the pre-impoundment period, can again occur at NERI with the cooperation of the
U.S. Army Corps of Engineers. However, if these flood events are conducted they should be
carried out with extreme caution due to their potentially hazardous effects on human life and
property. In addition, the land-use history of logging and mining may alter the impacts of flood
events from those experienced prior to European settlement. In addition, many of the aquatic
resources of the park, fish, salamanders, mussels, and even riparian forests, are seasonally
sensitive to flooding. For example, flood events that occur in late spring or early summer can
destroy fish spawning habitat and alter macroinvertebrate production.
Poor water quality found in the New River and its tributaries should recover if sewage and
stormwater treatment can be improved outside the park. Resource managers at NERI should
cooperate with local communities to remove and replace failing septic systems and water
treatment plants. With better water quality aquatic macroinvertebrate and native fish diversity
may increase and recreational experiences will improve. Without these water-quality
improvements, health warnings due to unsafe levels of pollutants likely will continue to be
posted along the tributaries at NERI.
Today, stream pollution, sedimentation, nonnative species introduction, logging and mining
within park boundaries, some limited recreational disturbances, and increased development
outside the park are the major human influences at NERI. With proper planning, however,
human impacts to natural resources can be limited, and cultural and recreational use of the park
can be entirely compatible with good natural resource conservation. For example, proper design
and placement of trails, recreational day-use sites, and park structures will ensure that the
intrinsically significant natural resources of NERI are protected. In addition, development in the
park should be planned to minimize fragmentation of all large forest blocks. Planning should
also be directed towards reducing the ecological impacts of existing and new fragmenting
features such as roads, trails, and park facilities.
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Appendix A. Suggested desired future conditions and management prescriptions for intrinsically
significant habitat resources (aquatic and terrestrial) and wildlife populations at New River
Gorge National River.

Suggested desired future conditions and management prescriptions were formulated for
intrinsically significant animal and special habitat resources at New River Gorge National River
during a workshop held in May 2003. This workshop was attended by research scientists,
technicians, and resource managers who are familiar with the intrinsically significant resources
at the park. Desired future conditions were formulated around three main areas: aquatic
resources, wildlife habitat, and plant communities. These conditions and prescriptions
(recommendations) are strictly the collective opinions of the workshop attendees.
Aquatic Habitat Resources
The two significant aquatic habitat resources were: River Ecosystems and Special Aquatic
Habitats.
1. River ecosystems desired future condition: A healthy and diverse river ecosystem
focusing on tributary health/functions and the connections with the riparian community.
Management prescriptions:
a. Map tributary watershed and sub-drainages and create a digital elevation model
which also could be used to map/model/predict wetland seeps;
b. Using existing research data, identify 30-40 key tributaries, their key functions,
and characteristics, and where appropriate, negative impacts that managers should
be aware of and address;
c. Determine internal and/or external jurisdiction over tributaries and identify
potential partnerships toward minimizing land-use impacts on water quality;
d. Map riparian communities and identify conservation measures to limit
fragmentation and interference with natural successional processes; and
e. Working with partners, develop best management practices for land use and
activities affecting tributaries.
2. Special aquatic habitats desired future condition: Protect special aquatic habitats since
they frequently include rare species. Such habitats may include: vernal pools, ephemeral
streams, roadside ditches and pools, seeps, mine portals, etc.
Management prescriptions:
a. Model and/or map likely locations of special habitats, creating a dynamic map
responsive to the transient nature of some of these habitats and the developing
scientific data;
b. Describe and identify special aquatic habitats and develop best management
practices capable of providing preliminary protection. These best management
practices would be a "first defense" for habitats until their specific locations and
characteristics could be identified and an individually appropriate protection plan
can be provided; and

107

c. Manage trails and other access to minimize impacts to special habitats, and
integrate information on special aquatic habitats into trails and maintenance plans.
Wildlife Habitat Resources
The four significant habitat resources for wildlife were: cliff communities, abandoned mine
portals, diverse upland forests, and riparian plant communities.
1. Cliff communities desired future condition: Cliff habitats which sustain populations of
rare and significant species such as lizards, timber rattlesnakes, cave salamanders,
Allegheny woodrats, peregrine falcons, ravens, small-footed myotis, Townsend's bigeared bat, and terrestrial invertebrates (snails).
Management prescriptions:
a. Determine where cliff-dependent species are and delineate the cliff habitat and its
zone of influence;
b. Establish high-use recreational areas that would minimize the impact to cliffdependent species;
c. Identify and protect key cliff natural resource areas and limit access seasonally;
d. Monitor and assess the impact of visitor use on cliff resources at overlooks
(vistas), on hiking trails, and on climbing routes;
e. Determine and maintain important cliff features such as shade, water drainage,
and rock fractures; and
f. Limit development of overlooks and cliff line trails to areas that least affect cliffdependent resources.
2. Abandoned mine portals habitat desired future condition: Key abandoned mine portals
(that house rare species) maintained to provide for public safety, that support sustainable
populations of rare and significant species such as Allegheny woodrats, cave
salamanders, Indiana bats, two species of big-eared bat, and other bat species.
Management prescriptions:
a. Synthesize existing GIS overlays to identify "key" portals;
b. Assess the physical characteristics of key portals. In other words, identify why
species are using these portals and determine the internal conditions such as
temperature range, air flow, size, and safety. Some data exists for this
assessment;
c. Determine the need to secure and limit access to particular portals. Access can be
limited via trail relocations, gating/fencing, and signs/warnings;
d. Continue to monitor portals for use by rare and significant species. Maintain
hydraulics in portals for salamanders;
e. Use the most cost-effective approach to maintain portals as habitat for significant
biotic resources, keeping in mind that the portals are a human-made resource and
will degrade over time; and
f. Develop cultural and environmental education programs for the public and stress
safety and seasonal considerations for visiting mine portals.
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3. Diverse upland forest habitat desired future condition: Forests with natural gap dynamics
and disturbance regimes in place to ensure a heterogeneous, diverse forest community
that will support significant populations of cerulean warblers, other neotropical migrants,
Allegheny woodrats, bats, woodland salamanders, snakes, and gap species such as
golden-winged warblers.
Management prescriptions:
a. Manage exotics to limit invasion to edge habitats;
b. Examine and analyze existing bird point count data to determine habitat
use/location/requirements for cerulean warblers and other neotropical migrants
and set management prescriptions stemming from this knowledge;
c. Periodically monitor to see if cerulean warbler and other neotropical migrant
populations are being maintained;
d. Reclaim and regenerate clearcuts and mine lands to forest. If these areas are
small (<2.02 ha —<5 ac), may instead want to maintain as a gap for shrubland
and early successional species;
e. As lands are acquired by the NPS, assess clearcut lands and determine best
regeneration option (e.g., hands-off, planting);
f. Consider implementing a prescribed fire policy in xeric oak-hickory and in pine
communities; and
g. Continue and, perhaps, expand deer hunting in order to maintain forest
regeneration.
4. Riparian plant community habitat desired future condition: Various riparian communities
that support riparian birds (Louisiana waterthrush, kingfisher, herons, and sandpipers),
streamside salamanders (e.g., black-bellied salamander), stream salamanders (e.g.,
hellbender), dragonflies, water shrews, river cooters, and green frogs.
Management prescriptions:
a. Remove exotic plants from riparian areas, especially Japanese knotweed,
stiltgrass, and purple loosestrife;
b. Assess the impacts of sewage and non-point source pollution to water quality;
c. Conduct a comprehensive inventory of riparian communities, determine habitat
needs of riparian species, and develop management plans;
d. Survey raft put ins, pulloffs, and launch areas to determine impacts of visitor-use
patterns on natural resources;
e. Re-create natural flow regimes (need to determine what these are); and
f. Identify threatened and endangered critical habitats and limit visitor access.
Institute environmental education as means to do this.
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Plant Communities
The five significant plant communities were: contiguous forest, riparian corridors,
Appalachian flatrock, cliffs, and invasive, nonnative plants.
1. Contiguous forest desired future condition: NERI is 80-90% contiguous forest and
natural processes of tree fall gaps, fire, and climatologically induced dynamic change
should be permitted to occur in these forests. Within areas designated under this
condition minimize fragmenting features and remove fragmenting features if not needed
for cultural interpretation and/or park management.
Management prescriptions:
a. Identify current blocks of contiguous forests;
b. Identify current breaks (roads, rights-of-way);
c. Identify areas to combine blocks and/or develop corridors for species movement;
d. Identify zones of management for allowable development; and
e. Allow natural ignition fires to burn under prescribed conditions. These types of
fires will help maintain natural forest gap dynamics and increase plant species
diversity.
2. Riparian corridor desired future condition: A to-be-determined percentage of riparian
corridor is in a natural state by minimizing utilization and development.
Management prescriptions:
a. Allow for natural flooding regime to renew scour communities by setting
succession back;
b. Determine maximum allowable flooding regime and work with U.S. Army Corps
of Engineers to have a periodic maximum flood;
c. Inventory riparian zone, determine areas of natural undeveloped edge, and have
no additional development within these areas;
d. Restore addition riparian zone as land becomes available that is not critical to
cultural interpretation or recreation; and
e. Study the impacts of alternate flooding regimes (modeling approach may be
appropriate).
3. Flatrock desired future condition: Current Appalachian flatrock communities in the
gorge are maintained.
Management prescriptions:
a. Remove exotic species within designated boundaries of NERI's two flatrock
communities;
b. Minimize recreational use and ban camping and fires.
c. Put up signs explaining exceptional qualities of these areas to dissuade
unauthorized use; and
d. Study the growth and reproduction characteristics of existing rare plants in these
communities.
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4. Cliff communities desired future condition: Current cliff communities at NERI are
maintained.
Management prescriptions:
a. Research existing ecological communities of cliffs and try to understand how this
resource interacts with recreational use;
b. Develop certain cliff areas for intensive recreational use. Monitor use at other
areas and put up signs explaining fragile ecology of these sites; and
c. Study the ecology of plants (e.g., lichens) on cliff faces. An inventory of the
plants found on cliff faces should be highest inventory priority.
5. Invasive, nonnative plants desired future condition: Invasive species and their impacts to
NERI's natural communities are minimized.
Management prescriptions:
a. Create a list of most problematic invasives that could move into natural areas;
b. Select best examples of small patch communities (that harbor rare species) and
create and implement management plan to eliminate or minimize introduction of
invasive, nonnative species;
c. Identify and remove source populations of nonnative species;
d. Determine impact of horses and llamas (along trails) with respect to spread of
exotics; and
e. Determine and implement proper restoration methods following removal of
exotics.
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Appendix B. Suggested desired future conditions and management prescriptions for intrinsically
significant forest and other plant communities and associated ecological processes at New River
Gorge National River.

Suggested desired future conditions and management prescriptions were formulated for
intrinsically significant forest issues, resources, and processes at NERI during a workshop held
in May 2003. This workshop was attended by research scientists, technicians, and resource
managers who are familiar with the intrinsically significant resources at the park. Desired future
conditions were formulated around two areas: nonnative /invasive species and forest health, and
forest and other plant community diversity. These conditions and prescriptions
(recommendations) are strictly the collective opinions of the workshop attendees.
Normative/invasive species and forest health
The two significant normative/invasive species and forest health issues were nonnative species
impacts to forests and establishing a forest health inventory and monitoring system.
1. Nonnative and invasive species impacts to forests desired future condition: Effects of
exotic species (e.g., Japanese knotweed, and paulownia), invasive natives (e.g., whitetailed deer and red maple), and nonnative pests (e.g., hemlock woolly adelgid [HWA],
gypsy moth, and tree diseases) on the structure, composition, and ecological processes
within forest communities at NERI are limited.
Management prescriptions:
a. Create HWA and gypsy moth management plans;
b. Conduct monitoring to determine extent of exotic pest infestation and location of
infestation;
c. Review and determine management options (chemical, mechanical, and
biological) and treatment thresholds;
d. Determine where to implement management options based on health and safety,
threatened and endangered species or communities, and other natural resource
threats;
e. Implement management options and invest in human resources for
implementation;
f. Monitor the implementation and adjust as necessary; and
g. Review NPS Natural Resource Management Guideline policy 77 and IPM policy.
2. Forest health inventory and monitoring system desired future condition: A forest health
inventory and monitoring program is established to detect forest pests and forest
composition and structure trends within specific forest types or on specific physiographic
sites.
Management prescriptions:
a. Determine where old growth is located;
b. Better understand the relationship between soils (including acidic soils), ozone,
and forest health; and
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c. Set specific objectives that state explicitly what trends to detect and base the
inventory and monitoring program on ecological land units (physiographic
conditions). Refer to Shenandoah National Park's newly renovated inventory and
monitoring program.
Forest Community Diversity
The eight significant forest and other plant community diversity issues were general forest
diversity, rimrock pine communities, flatrock/riverscour communities, riparian/floodplain
forests, xeric oak forests, mixed-mesophytic, eastern hemlock forests, and Kates Branch
Wetland.
1. General forest diversity desired future condition: All preindustrial forest community
types are sustained at NERI (where possible) and forest community diversity is
maintained at NERI. Be especially vigilant about the following communities:
• eastern hemlock (Fern Creek and Grandview)
• flatrock
• oak-hickory
• xeric oak (a.k.a. sites best adapted for oak in the absence of chestnut)
• pine communities
• riparian/floodplain forest
• mixed-mesophytic forest
• old-growth forests
Management prescriptions:
a. Determine and maintain natural processes that produce the variability of forest
types listed above (including natural fire regime) and
b. Identify where old-growth forests exist.
2. Rimrock pine communities desired future condition: Rimrock pine communities are
maintained at NERI.
Management prescriptions:
a. Gain more knowledge about the rimrock pines by mapping, inventorying, and
monitoring these stands;
b. Research fire and disturbance history in these stands using dendrochronology and
other appropriate means. Need to determine if this community type is fire
dependent;
c. Study the overstory/understory dynamics and how succession is shaping stands;
d. Determine preindustrial range of rimrock pine stands via old photos;
e. Identify where best to implement management;
f. Conduct experimental burns to determine methods for regeneration;
g. Investigate state of natural regeneration;
h. Consider other methods for aiding regeneration such as use of herbicides and
mechanical treatments to remove competing species and plantings; and
i. Assess impacts of human access, especially trampling resulting from visitors
approaching from the upland roads, or from rock climbing.
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3. Flatrock/riverscour community desired future condition: Appalachian flatrock
communities at NERI are maintained.
Management prescriptions:
a. Evaluate results of current burn research on flatrock communities;
b. Estimate flood conditions necessary to create primary succession conditions (e.g.,
timing, flood levels);
c. Inventory rare plant species and exotics/invasives to determine their respective
roles in succession;
d. Develop weed control management program; and
e. Establish long-term monitoring plots (including herbaceous plants).
4. Riparian/floodplain forests desired future condition: A flood regime is established that
develops and supports continuity and physical integrity, both horizontally and vertically,
of floodplain forests.
Management prescriptions:
a. Inventory exotic invasive species in the floodplain forests;
b. Consider strategies to control exotics where they are a problem (mechanical,
chemical, and fire);
c. Work with U.S. Army Corps of Engineers to ensure flood regime supportive of
plan;
d. Move development off river (utilizing information from ethnographic studies);
e. Develop understanding of visitor access issues;
f. Reduce free range camping by closing road; and
g. Determine appropriate recreational uses, levels of use, and access.
5. Xeric oak-hickory forest desired future condition: Xeric oak-hickory forests are
maintained at NERI.
Management prescriptions:
a. Use prescribed burning on specific sites, e.g., in gaps to promote regeneration;
b. Locate areas where red maple and other competing species predominate
understory (these areas are the oak decline areas); and
c. Remove large hazard trees and collect cross-sections for fire history analysis. In
addition, collect disks from trees cut in adjacent logging operations on private
lands.
6. Mixed-mesophvtic forest desired future condition: Mixed-mesophytic forest type at
NERI is maintained and allowed to expand.
Management prescriptions:
a. Establish vegetation map, identify subcommunities within the mixed-mesophytic
community type, and prioritize areas for conservation;
b. Eliminate fragmenting features such as railroads, roads, and parkways, but
identify where roads are damaging the forest and are costly to maintain and
relocate;
c. Avoid development in unfragmented and roadless areas; and
d. Reconnect forest blocks to restore functionality to community.
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7. Eastern hemlock forest desired future condition: Hemlock community type at NERI is
maintained.
Management prescription:
a. Monitor and control HWA.
8. Kates Branch Wetland desired future condition: Natural processes in Kates Branch
Wetland are maintained. This wetland is approximately 24.28 ha (60 ac) in size and is
regionally locally significant due to the variety of plants and wildlife found in the
wetland. This wetland is maintained via beaver ecology. No specific management
prescriptions were suggested.
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Appendix C. Suggested desired future conditions and management prescriptions for intrinsically
significant geologic and hydrologic conditions and processes at New River Gorge National River

Suggested desired future conditions and management prescriptions were formulated for
intrinsically significant geologic and hydrologic resources at NERI during a workshop held in
May 2003. This workshop was attended by research scientists, technicians, and resource
managers who are familiar with the intrinsically significant resources at the park. Desired future
conditions and management prescriptions (recommendations) were formulated around two areas:
geology (including sedimentation) and hydrology. These conditions and prescriptions are strictly
the collective opinion of the workshop attendees.
Geology (including soil and sedimentation)
The six significant geologic conditions and processes were mass flux and biotic resource
occurrences, mass balance of sedimentation, drainage, landslide/flood damage, sediment
contamination, and establishing educational geology tours.
1. Mass flux and biotic resource occurrences desired future condition: System-wide
equilibrium balance among mass fluxes (waterflow and sedimentation) and biotic
occurrences are determined and established.
Management prescription:
a. Categorize current flow frequencies and map geomorphic surfaces (bottomland
and hillslope) with vegetation, bedrock (available from Englund 1977 - WV
Geologic Survey), and aquatic biology overlays.
2. Sedimentation desired future condition: NERI has mass balance in regard to sediments,
water, and dissolved solids. In other words, what comes in should go out.
Management prescriptions (the following management prescriptions would take one
to two years full-time to be completed by a geologist):
a. Use LIDAR program to map geomorphology and hydrology and couple the
mapping with ground truthing;
b. Determine location and volume of mine tailings in NERI;
c. Monitor indicator species for occurrence (e.g., are non-floodplain plant species
invading floodplain?);
d. Examine soil profiles to look for burying of A horizons or truncated A horizons.
These soil profiles can provide indications of how sedimentation processes are
occurring or changing; and
e. Examine soil chemistry and water sediment chemistry.
3. Drainage desired future condition: Normal drainage processes are properly established
where appropriate in NERI, keeping in mind conservation of upland habitat.
Management prescriptions:
a. Map railroad grades, stripmine benches, and other areas (haul roads) where
drainage has been disrupted;
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b. Where possible, remove and/or reclaim benches and roads. Detennine how these
removals and reclamations would affect accessibility and natural resources (CSX
funding may be available); and
c. Review park and external construction projects and determine potential effects on
drainage.
4. Landslide/flood damage desired future condition: A GIS-based landslide and flood
damage inventory and monitoring program is established. The purpose of this program is
to determine hazard zones and avoid development and use of the zones. This program
can also be used for reclamation and reengineering if necessary.
Management prescriptions:
a. Create database with existing landslide data sets;
b. Conduct yearly analysis in March of satellite and photographic imagery to
determine if new landslides and/or flood damage has occurred;
c. Review historic photographs (1930s, 1950s, and 1970s) to establish past landslide
locations and to determine where mine spoils are located; and
d. Mitigate hazards where appropriate.
5. Sediment contamination desired future condition: Contamination load (arsenic,
selenium, pesticides, and petro-chemicals, etc.) of sediments is known so that mitigation
can occur, if possible.
Management prescriptions:
a. Conduct water and sediment sampling upstream and downstream in NERI. Some
data is available from USGS for Piney Creek, Hinton, and Thurmond;
b. Conduct ecological risk assessment to plants and animals using results from
sampling; and
c. If dangerous levels of contaminants are found, conduct systematic sampling to
find source area, and mitigate as appropriate.
6. Educational geology tour desired future condition: A "Geology Tour" for NERI is
developed and conducted.
Management prescriptions:
a. Interpret natural, historic, and cultural values;
b. Incorporate the tour at the Sandstone Visitor Center; and
c. Develop tie-ins with National Coal Heritage Area.
Hydrology
The four significant hydrology conditions and processes were water quality of the New River
and its tributaries, stream channel morphology, riparian zone ecology, and developing watershed
partnerships.
1. Water quality of the New River and its tributaries desired future condition: The main
stem and tributaries of the New River will have water quality high enough for public
contact (suitable for boating, swimming, and fishing).
Management prescriptions
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a. Establish current water quality conditions and identify data needs;
b. Eliminate direct discharge of primary sewage into tributaries and increase
effectiveness of existing secondary treatment systems;
c. Identify and mitigate failing waste pumping systems within park;
d. Build upon existing park and USGS network to establish perennial stream
gauging and stream water monitoring network; and
e. Attain a better understanding of hydrology of tributary streams including
flood characteristics and extents, low flow characteristics, time and travel,
river mileage, and channel morphology.
2. Stream channel morphology desired future condition: Stability of stream channel
morphology is maintained/improved to protect the tributaries and main stem natural
processes as they relate to erosion, deposition, water quality, and healthy function of
aquatic habitat.
Management prescriptions:
a. Maintain and modify existing system to include measurements of sediment and
major water quality characteristics;
b. Combine inventory and mapping of seeps, springs, mine discharge, and other
groundwater sources to understand the hydrologic environment relating to habitat,
slope stability, base flow contributions, and overall groundwater conditions; and
c. Identify wetland resources and develop understanding of hydrologic regimes.
3. Riparian zone ecology desired future condition: The healthy functioning of riparian
zones in the tributaries and main stem is understood and maintained.
Management prescriptions:
a. Complete vegetation survey; and
b. Develop floodplain maps for lower reaches of tributaries and main stem.
4. Watershed partnerships desired future condition: A systematic partnership program with
NPS and other watershed stakeholders is established in order to protect and improve
watershed integrity.
Management prescriptions:
a. Reforest disturbed lands;
b. Analyze adjacent land use patterns within the watershed and correlate them to
identified impacts on park resources related to water quality;
c. Prioritize partnership opportunities and resource expenditures; and
d. Identify potential transportation and infrastructure (pipelines) that may contribute
to accidental discharges in park watershed/tributaries and establish response
procedures for ecosystem and human safety.
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Appendix D. Names, areas of expertise, and affiliations for professionals with knowledge of the natural resources of New River
Gorge National River.

NJ

Name
Hugh Bevans
Steven Castleberry
Doug Chambers
Daniel Evans
Mark Ford
William Grafton
JeffHajenja
Ray Hicks
Cliff Hupp
James Johnson
Tom Jones
Steven Kite
Brian McDonald
Samuel Norris
Brad Onken
Waite Osterkamp
Thomas Pauley
Doug Raeburn
Jonathan Remo
Tom Schuler
Dale Suiter
Ralph Taylor
James Vanderhorst
Doug Wallner
Mark Watson
Stuart Welsh
Petra Wood

Area of expertise
Geologist and Division Chief
Vertebrate ecologist
Biologist/Water Quality Specialist

Affiliation
U.S.G.S., Water Resources Division, Charleston, WV
School of Forest Resources, University of Georgia, Athens. GA
U.S.G.S., Water Resources Division, Charleston, WV
Botanist
Department of Biology, Marshall Univeristy, Huntington, WV
Forest ecologist
U.S. Forest Service, Northeastern Research Station, Parsons, WV
General field ecologist
Agriculture and Natural Resources Extension, West Virginia University, Morgantown, WV
Vertebrate ecologist
WV Department of Natural Resources, Charleston, WV
Forest ecologist
Department of Forestry, West Virginia University, Morgantown, WV
Geologist
U.S.G.S. National Research Program, Reston, VA
Forest ecologist
Department of Biology, Virginia Tech, Blacksburg, VA
Invertebrate ecologist
Department of Biology, Marshall Univeristy, Huntington, WV
Geologist
Department of Geology and Geography, West Virginia University, Morgantown, WV
Botanist
WV Natural Heritage Program, Elkins, WV
Botanist
WV Natural Heritage Program, Elkins, WV
Forest ecologist
U.S. Forest Service, Northeast Area Forest Health Protection Office, Morgantown, WV
Geologist
U.S.G.S., Desert Laboratory, National Research Program, Tucson, AZ
Vertebrate ecologist
Department of Biology, Marshall Univeristy, Huntington, WV
Fire ecologist
Retired, Shenandoah National Park, Luray, VA
Geologist
Geoscience Group, Shaw Consulting, Knoxville, TN
Fire ecologist
U.S. Forest Service, Northeastern Research Station, Parsons, WV
Botanist, Fish and Wildlife ecologist U.S. Fish and Wildlife Service, Raleigh Field Office, Raleigh, NC
Invertebrate ecologist
Department of Biology, Marshall Univeristy, Huntington, WV
Community ecologist
WV Natural Heritage Program, Elkins, WV
Forest ecologist
National Park Service, Philadelphia Support Office, Philadelphia, PA
Vertebrate ecologist
Department of Biology, Marshall Univeristy, Huntington. WV
Fish biologist
Department of Forestry. West Virginia University, Morgantown, WV
Vertebrate ecologist
WV Cooperative Fish and Wildlife Research Unit, Morgantown, WV

Appendix E. Geographic Information System (GIS) data sets available for New River Gorge National River.
Data Set
Park Boundaries
Land Ownership
Park Trails

Scale
unknown
unknown
unknown

Source
Description and Comments
Resource Management, NERI
Resource Management, NERI
Recreational grape Global
(may not meet National Map Accuracy Standards)
Positioning System (GPS) data,
digital ortho quadrangle
(DOQQ), Map Grade GPS

Visitor Use
January 2003
Facilities
Geology (General) August 2000

unknown

Resource Management, NERI

General reference locations for park facilities. Not spacially accurate

1:250,000

West Virginia Geological and
Economic Survey

Based on the 1968 Statewide Geologic Map

Mountaintop
1998
Mining RemovalState

1:100,000

West Virginia Geological and
Economic Survey

Based on the 1998 report "A Geologic Overview of Mountaintop
Removal Mining in West Virginia". Approximate region of present and
projected major mountaintop removal mining activity.

Coalfields of WV 1960

1:5,000,000

U.S. Geological Survey

Most of the material for the conterminous United States was collected
from James Trumbull's "Coal Fields of the United States, Conterminous
United States" map (sheet 1, 1960). Polygon attributes include area,
rank, description, province and name (region).

1996 Color
Infrared (CIR)
Digital
Orthophotos

1:12,000

U.S. Geological Survey

1 meter pixel resolution C1R imagery'

1:24,000

U.S. Geological Survey

Seemless

1:24,000

U.S. Geological Survey

Seemless by park. Processed by North Carolina State University and
edge matched.

Digital Raster
Graphics
Digital Line Graph
data including
roads, hydrology,
hypsography
(contours), etc.
1:24,000 scale

Publication Date
December 2002
December 2002
2002

1996-1999

Appendix E. Geographic Information System (GIS) data sets available for New River Gorge National River (continued).
Data Set
Digital Elevation
Models (DEM)

Publication Date

WV Geodetic
control points

Scale
1:24,000

Source
Originator is the U.S. Geological
Survey. These Level 2 DEMs
were generated from (1)
1:24,000-scale hypsography
digital line graph (DLG) data or
from (2) vector data derived
from scanned raster fdes of
USGS 1:24,000-scale separates.

Description and Comments
The 7.5-minute digital elevation model (DEM) data are digital
representations of cartographic information in a raster form. The DEMs
consists of an array of elevations for ground positions at regularly
spaced 10-meter intervals. DEMs can be used as source data for digital
orthophotos. and for earth science analysis as layers in geographic
information systems. DEMs can also serve as tools for volumetric
analysis, for site location of towers, or for drainage basin delineation.

1:24,000

National Geodetic Survey

Bench marks and survey points maintained by the National Geodetic
Survey (NGS). Geodetic data comprise the results of geodetic surveys
to determine, among other things, latitude, longitude, height, scale, and
orientation control.

Floodplain data

October 2002

1:24,000

Federal Emergency Management FEMA produces flood insurance rate maps (FIRMs) for the purposes of
Agency (FEMA)
determining whether properties lie within the floodway of a river
system or the 100-year floodplain.

10 digit
hydrologic unit
watersheds

January 2002

1;100,000

Natural Resources Conservation "Watershed" hydrologic units, a subdivision within a sub-basin,
Service
represent the 5th level (10-digits) in the hydrologic unit hierarchy,
Watersheds range in size from 40,000 to 250,000 acres

4^

New river scanned
mine inventory
maps
Abandoned Mine 1996
Lands - points and
lines downloaded
from WV GIS Tec

Resource Management, NERI
WV Gap Analysis Program,
West Virginia University,
Armstrong and Yuill, 1991
1:24,000

These were used to partially digitize "Disturbed Lands" The rest will
need to be georeferenced and digitized. File: MinelnvSites

Office of Abandoned Mine
AML features were digitized from AMLR source materials by the
Lands and Reclamation (AMLR) WVU Department of Geology & Geography and the WVU Natural
of the West Virginia Department Resource Analysis Center. Published in 1996. The AMLR eliminates
of Environmental Protection
damage that occurred from mining operations prior to August 3. 1977
and is funded by the AML fund. It corrects hazardous conditions and
reclaims abandoned and forfeited mine sites. Typical AML features
include highwalls, portals, refuse piles, and mining structures such as
tipples.

Appendix E. Geographic Information System (GIS) data sets available for New River Gorge National River (continued).
Data Set
Soils (old soil
surveys)

Publication Date
1975 &1984

Scale

Source
Resource Management, NERI;
original work performed by
Richard Easterbrok, GIS
Specialist, NPS

Description and Comments
Some have been scanned and digitized but will have to be
rubbersheeted to line up with our other data. About half of NER1 done.

GNIS (Geographic unknown - present
Names
Information
System) -

1:24,000

U.S. Geological Survey (USGS)
in cooperation with the U.S.
Board on Geographic Names
(BGN),

Contains points for towns, airports, hospitals, locals, etc. both historic
and current from USGS topo maps. Not known for being up to date or
spatially perfect. It is useful for placing historic towns, etc. that don't
appear on modern day maps

National Register
Sites

1:24,000

State Historic PreservationOffice

This GIS coverage was created from the National Park Service's
National Register Information System (NRIS) database, a computerized
inventory of the National Register of Historic Places. The National
Register, established under the National Historic Preservation Act of
1966, is the nation's official list of cultural resources worthy of
preservation. The National Park Service (NPS) administers the National
Register, with the State Historic Preservation Office (SHPO)
coordinating the National Register in West Virginia

April 2002

1:50,000

USGS-Biological Resources
Division

I,and Cover data set is a raster representation of vegetation/land cover
for the state of West Virginia. This data can be used for landscape scale
analysis in various disciplines such as wildlife ecology, forestry, or land
use planning. The data have been developed for inclusion in the Gap
Analysis Program. The source data were acquired from multiple 30meter Landsat imagery obtained between 1992-1994 and field checked
with videography.

Ecological Land May 2002
Units- from Veg.
Mapping
contractor 2002
for NERI

10 meter

John Bender, University of
North Carolina

The data were intended to provide the NPS with a data set for use in
planning to assess the biophysical diversity and to model the
distribution of vegetation communities,

p—•
10

WV GAP
Analysis data

Appendix E. Geographic Information System (GIS) data sets available for New River Gorge National River (continued).
Data Set
Publication Date
Landforms - from May 2002
Veg. Mapping
Contractor

Scale
10 meter

Source
John Bender, University of
North Carolina

National Land
Cover Data

1:50,000

U.S. Geological Survey (USGS) Provides a consistent, land cover data layer for the conterminous U.S.
and the U.S. Environmental
using early 1990s Landsat thematic mapper (TM) data purchased by the
Protection Agency (US EPA)
Multi-resolution Land Characterization (MRLC) Consortium. This data
can be used for landscape scale analysis in various disciplines such as
wildlife ecology, forestry, or land use planning.

1992

National Wetlands February 1971
Inventory Data
Dec. 1992
Sewage Treatment March 2002
Plants - statewide

to 1:24.000

1:24,000

US Fish and Wildlife Service

The data provide consultants, planners, and resource managers with
information on wetland location and type

WV DEP

Sewer and water treatment plants extracted from the WV Department of
Environmental Protection's Water Resources Permitting Facilities
database. Includes publicly owned treatment works (POTWs) and
smaller treatment facilities.

WV DOT

Scanned copies of the General Highway Maps. Not georeferenced at
this time.

to
0\

General Highway 2000
Maps

Description and Comments
The data were intended to provide the NPS with a data set for modeling
topographic position or slope position.

Lands Tract Files Various
Coalbeds
March 2003

unknown

NERI Lands Office

Cadd dwg files for each tract map
West Virginia Geological and Economic Survey. This coverage defines
the geographic area underlain by the coal bed.

Powerlines

September 2001

1:100,000

Resource Management, NERI

Powerlines clipped to park areas. Originally produced for the Fire
program to show Air Hazards.

Tax maps

Various

unknown

Cadd dwg files for Fayette and Raleigh Counties tax parcel maps.

Cemeteries

2002

unknown

Fayette and Raleigh County
offices
Resource Management, NERI

Upland
Vertebrates

1993

~ 1:24,000

Cemeteries within or around NERI. Based on general location from
1:24,000 USGS topo maps.
Upland vertebrate locations from the "Report of the Upland Vertebrates
in the New River Gorge National River, (1989-1990)" report. Points
were originally plotted on 1:24,000 topographic maps then transferred
as coordinates into a digital data set. No locational accuracy assessment
has been done.

Appendix E. Geographic Information System (GIS) data sets available for New River Gorge National River (continued).

to
^1

Data Set
Publication Date
Non-vascular flora 1997

Scale
~ 1:24,000

Source
Resource Management, NERI

Description and Comments
Points from the "Biological Surveys in Proposed Development Sites in
the New River Gorge National River, Feb. 1997" report. No attributes
other than site number at this time.

Vertebrates

1997

-1:24,000

Pauley etal. 1997; Marshall
University

Points from the "Biological Surveys in Proposed Development Sites in
the New River Gorge National River, Feb. 1997" report. No attributes
other than site number at this time.

Invertebrates

1997

-1:24,000

Pauley et al. 1997; Marshall
University

Points from the "Biological Surveys in Proposed Development Sites in
the New River Gorge National River, Feb. 1997" report. No attributes
other than site number at this time.

Appendix F. Synthesis Instructions

1.
2.
3.
4.
5.
6.

7.

8.
9.

Place "Synthesis Program Installation Disc" CD in CD drive and follow
instructions on screen.
Remove "Synthesis Program Installation Disc" CD.
Place "Synthesis Data Disc" CD in CD drive.
Go to your Program Files and click on Synthesis
Under "Select Site" click on NERJ
Document outline will appear. Click on subject material, e.g., Fish, and choose
report to read. All reports are full-text searchable and most will open in Adobe
Acrobat.
Some links (e.g., Water Resources) will direct your computer to a Web site. For
example, when you click on Water Quality and then NPS-NatureNet Water
Resources, you will be directed to a Web page. Click on New River Gorge
National River report found under Northeast Region. This will access the Water
Resource Management Plan.
The Synthesis program will not run if it has no data to read, so make sure you
have the Synthesis Data Disc CD in your CD drive.
For help and contact information: www.imu.edu/synthesis/.
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As the nation's primary conservation agency, the Department of the Interior has responsibility for most of our nationally owned
public land and natural resources. This includes fostering sound use of our land and water resources; protecting our fish, wildlife,
and biological diversity; preserving the environmental and cultural values of our national parks and historical places; and
providing for the enjoyment of life through outdoor recreation. The department assesses our energy and mineral resources and
works to ensure that their development is in the best interests of all our people by encouraging stewardship and citizen
participation in their care. The department also has a major responsibility for American Indian reservation communities and for
people who live in island territories under U.S. administration.
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