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Executive Summary

New River Gorge National River (NERI) is located in secéimtral West Virginia along an 88n

stretch of the New River within the Appalachidiountain chain. NERI conserves the outstanding
natural, scenic, and historic values of the landscape immediately surrounding, and including, the New
River Gorge. This conservation extends to the New Riverdtselreeflowing river that supports
smalltmouh bass, freshwater mussels, native fish, and rare riparian plants. The landscape
surrounding the New River main stem is a mosaic of mature and maturing forests, tributary streams,
floodplains, and dramatic sandstone cliffs. This landscape has been biigpkigtory of human
occupation and resource extraction (e.g. mining, timbering, flood control).

Natural resources presented in this Natural Resource Condition Assessment (NRCA) can be divided
into five general areas: air resources, geologic resoureésenglated resources, plant resources,

and terrestrial wildlife. Within each of these general areas, specific natural resources were assessed
as follows:

9 Air resources acoustic environment, night sky, visibility, ozone, sulfur and nitrogen
depositionmercury/toxics, climate change, scenic vistas

Geologic resourcés mass movements, cliff communities

Waterrelated resourcéswater quality (main stem and tributaries), fish, aquatic
invertebrates, salamanders

1 Plant resources xeric plants (e.g. rimrock pinepixed mesophytic forest, eastern hemlock,
Appalachian flatrock/riverscour prairies, rare and medicinal plants

1 Terrestrial wildlife--- Allegheny woodrat, bat communities, birds, game species.

The approach of this NRCA was to use existing data to evahatondition of natural resources at
NERI. Thresholds for condition (good, moderate concern, and significant concern) were obtained
from a variety of resources such as federal and state regulations (e.g. water quality criteria), peer
reviewed literatureresearch reports, and, in some cases, best professional judgment. If possible,
trends in the condition (improving, deteriorating, or unchanging) were also evaluated. Finally, an
estimate of the confidence in the assessment was provided based on thiendaliantity of

available information (high, medium, low confidence). The assessment of condition used
standardized symbology provided by NRCA guidelines.

This NRCA complements the parkdés Gener al Manage
Strategy(Mahan and Darden 2004) and the initial, comprehensive Natural Resource Assessment
completed in 2004 (Mahan 2004). Therefore, this NRCA is a forma$sessment that permits a

better understanding of the trends in resource conditions at the parkiléddetanparison of the

assessments is presented inDiecussion section but, in general, the overall score for natural

resource condition at the park has declined in the past 13 years from 58 (optada@) based on

19 resource indicators in 200448 (on a 106pt scale) based on 24 resource indicators in 2017. A
composite resource condition score of 42 indicates moderate concern. This lower score is due, in

Xi



part, to a better understanding of all natural resources at the park thanks to reseianamang

and monitoring efforts. In addition, over the past 13 years, some natural resources at NERI have been
negatively affected by nenative pests and pathogens that originated outside the park. For example,
white-nose syndrome has decimated the bautation and Emerald ash borer has caused-wide

spread mortality of both white and green ash trees. Furthermore, poor water quality issues persist
within park tributaries and the New River main steespecially after rain events. Most of these

threats to weer quality (fecal coliforms, acidity) also originate outside of park borders.

Despite these challenges, NERI continues to support a magnificent expanse of diverse, un
fragmented forest and globakyygnificant cliff, riverscour, and bird communities.dddition, the

park provides outstanding recreational opportunities that include hikingclioaing, rafting,

fishing, and hunting. Continued natural resource stewardship, planning, and protection, both within
and outside of the park boundaries, will @resthat NERI remains an important natural area within

the Appalachian Mountains.
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1. NRCA Background Information

Natural Resource Condition Assessments (NRCAS) evaluate current conditions for a subset of
natural resources and resource indicators in na
on trends in resource condition (when possible), identificatitlata gaps, and characterize a general

level of confidence for study findings. The resources and indicators emphasized in a given project
depend on the parkds resource setting, status o
identifying highpriority indicators, and availability of data and expertise to assess current conditions

for a variety of potential study
resources and indicators.

NRCAs Strive to Pr\(

NRCAs represent a relatively new| 9 Credible condition reporting for a subset of
approach to assessing and important park natural resources and indicators
reporting on park resource
conditions. They are maato
complemenrd not replacé
traditional issueand threabased
resource assessments. As distinguishing characteristics, all NRCAs:

1 Useful condition summaries by broader resource
categories or topics, and by park areas )

Are multi-disciplinary in scopé;

Employ hierarchical indicator frameworks;

Identify or develop reference conditions/vesufor comparison against current conditidns;
Emphasize spatial evaluation of conditions and GIS (map) products;

1
1
1
1
1  Summarize key findings by park areas; and
1

Follow national NRCA guidelines and standards for study design and reporting products.

Althoughthe primary objective of NRCAs is to report on current conditions relative to logical forms
of reference conditions and values, NRCAs also report on trends, when appropriate (i.e., when the
underlying data and methods support such reporting), as waflasnices on resource conditions.
These influences may include past activities or conditions that provide a helpful context for

1The breadth of natural resources and number/type of indicators evaluated will vary by park.

2 Frameworks help guideamuttii sci pl i nary selection of indicators and subseq
] conditions for indicatory condition summaries by broader topics and park areas

3 NRCAs must consider ecologicalbased reference conditions, must alsnsider applicable legal and regulatory standards,
and can consider other managersgpecified condition objectives or targets; each study indicator can be evaluated against one
or more types of logical reference conditioReference values can be expesss qualitative to quantitative terms, as a single
value or range of values; they represent desirable resource conditions or, alternatively, condition states that weidish to av
that require a followup response (e.g., ecological thresholdsxaa n age ment ftri gger so) .

4 As possible and appropriatdRCAs describe condition gradients or differences across a park for important natural resources
and study indicators through a set of GIS coverages and map products.

5 In addition to reporting on indatorlevel conditions, investigators are asked to take a bigger picture (more holistic) view and
summarize overall findings and provide suggestions to managers on dy-amea basis: 1) by park ecosystem/habitat types or
watersheds, and 2) for otherrpareas as requested.



understanding current conditions, and/or presiytthreats and stressors that are best interpreted at
park, watershed, or landscape scales (though NRCAs do not report on condition status for land areas
and natural resources beygpark boundaries). Intensive catmadeffect analyses of threats and
stressors, and development of detailed treatment options, are outside the scope of NRCAs.

Due to their modest funding, relatively quick timeframe for completion, and reliance on edetiang

and information, NRCAs are not intended to be exhaustive. Their methodology typically involves an
informal synthesis of scientific data and information from multiple and diverse sources. Level of

rigor and statistical repeatability will vary by resoe or indicator, reflecting differences in existing

data and knowledge bases across the varied study components.

The credibility of NRCA results is derived from the data, methods, and reference values used in the
project work, which are designed to beoegpriate for the stated purpose of the project, as well as
adequately documented. For each study indicator for which current condition or trend is reported, we
will identify critical data gaps and describe the level of confidence in at least qualieative t
Involvement of park staff and National Park Service (NPS) subjatier experts at critical points

during the project timeline is also important. These staff will be asked to assist with the selection of
study indicators; recommend data sets, methadd reference conditions and values; and help

provide a multidisciplinary review of draft study findings and products.

NRCAs can yield new insights about current park resource condiio)sn many cases, their

greatest value may be the development of useful documentation regarding known or suspected
resource conditions within parks. Reporting products can help park managers as they think about
nearterm workload priorities, frame datand study needs for important park resources, and
communicate messages about current park resource conditions to various audiences. A successful
NRCA delivers sciencbased information that is both credible and has practical uses for a variety of
park decsion making, planning, and partnership activities.

[ Important NRCA Success Factors \

1 Obtaining good input from park staff and other NPS subject-matter experts at
critical points in the project timeline

1 Using study frameworks that accommodate meaningful condition reporting at
multiple levels (measures / indicators / broader resource topics and park
areas)

1 Building credibility by clearly documenting the data and methods used, critical
\ data gaps, and level of confidence for indicator-level condition findings j

However, it is important to note that NRCAs do not establish management targets for study

indicators. That process must occur through park plannidgreamagement activities. WhaN&CA

can do is deliver sciendeased information that will assist park magers in their ongoing, lorigrm
efforts to describe and quantify a parkés desi

2
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near term, NRCA findings assistategic park resource plannfrand help parks to report on

government accountabilitpeasures.In addition, although itepth analysis of the effects of climate
change on park natural resources is outside the scope of NRCAs, the condition analyses and data sets
developed for NRCAs will be useful for paldvel climatechange studies andgmning efforts.

NRCAs also provide a useful complement to rigorous NPS science support programs, such as the
NPS Natural Resources Inventory & Monitoring (1&M) Prografor example, NRCAs can provide

current condition estimates and help establish reference conditions, or baseline values, for some of a
parkoés vital signs monitor i neNP$datdiobelptewaluate. They
current conditions for ttse same vital signs. In some cases, I&M data sets are incorporated into

NRCA analyses and reporting products.

/ NRCA Reporting Productsé\

Provide a credible, snapshot-in-time evaluation for a subset of important park
natural resources and indicators, to help park managers:

1 Direct limited staff and funding resources to park areas and natural resources
that represent high need and/or high opportunity situations
(near-term operational planning and management)

1 Improve understanding and quantificatonford esi red condi ti onfps for t
Afundamental 0 and fiother i mportanto nfjatur al |
(longer-term strategic planning)

1 Communicate succinct messages regarding current resource conditions to
government program managers, to Congress, and to the general public

Vﬁresource condition statuso repory

Over the next several years, the NPS plans to fund an NRCA project for each of the approximately
270 parks served by the NPS 1&M Program. For more informaignthe NRCA Program website

5An NRCA can be useful during the devel opment of a parkdés Res
as a posRSS project.

7 While accountability reporting measures arbjsat to change, the spatial and referebased condition data provided by
NRCAs wi || be useful for most forms of Aresource condition s
of the Interior, or the Office of Management and Budget.

8The 1 &M program consists of 32 networks nationwide that are
condition of park ecosystems and develop a strosgjentific basis for stewardship and management of natural resources
across the Nati onal ardPassubket ddphgsicat chemical\vand bmlbgica élegnanss @and processes of park
ecosystems that are selected to represent the overigii beaondition of park resources, known or hypothesiZitts of
stressors, or elements that have important human values.


http://www.nature.nps.gov/water/nrca/index.cfm




2. Introduction and Resource Setting

2.1. Introduction

2.1.1. History and Enabling Legislation
The following description is excerpted from tGeneral Management Plan New River Gorge
National River. 2011. (U.S.D.I., NPS, Glen Jean, WV).

fiINew River Gorge National River (NERI) was established in 1978 as a unit of the national park
[service] (NPS) following a 2§ear grassroots effort organized bgal community leaders (NPS

Organic Act 16 USC 14). The earliest discussion regarding creation of a park to protect the New
River and its gorge began in the late 1950s. Some residents of communities near the park believed
that a national park designatitor the area was needed to protect its resources and at the same time
woul d enhance the areads tourism appeal with po
West Virginia (WV). While at that time there was growing local support of a new aapark in the

region, the real effort to protect the New River began in 1962 as a result of a major conservation
effort upstream of the gorge in Virginia and North Carolina. The controversy focused on a series of
proposed pump storage dams on the rivanjWest Virginians were strongly opposed to the

proposed dams because they would have significantly altered river flows downstream. Many also
feared the upstream dams would set a precedent supporting future proposals for similar dams in the
Kanawha Valleyn West Virginia. These concerns led to the formation of the West Virginia Chapter

of the National Coalition to Save the New River and to creation of the New River Gorge National
Park Committee in 1974. These groups were subsequently instrumental irtipgopudblic support

for the 1976 addition of the New River in North Carolina to the National Wild and Scenic River
System. This designation brought an end to the proposals for energy development projects on the
river upstream of West Virginia. The consdroa effort then turned to the West Virginia section of

the New River. A number of key community leaders emerged from the existing river conservation
groups. Working together for another two years they built the support needed for the park in the local
communities along the river leading ultimately to creation of New River Gorge National River.
President Jimmy Carter signed legislation establishing New River Gorge National River on
November 10, 1978 (Public Law @25). As stated in the legislation the pa&s established as a

unit of the national park system: Afor the purp
scenic, and historic values and objects in and around the New River Gorge and preserving as a free
flowing stream an important segmt of the New River in West Virginia for the benefit and
enjoyment of present and future generations. o

Ten years later the West Virginia National Interest River Conservation Act of 1987 included a

number of additional findings pertaining to New River @GoNational River. The purpose of the act

was: to provide for protection and enhancement of the natural, scenic, cultural, and recreational

values on certain freBowing segments of the New, Gauley, Meadow, and Bluestone Rivers in the

state of WestVirgina f or the benefit and enjoyment of pre

As a NPS unit, NERI is subject to all NPS management policies. Additionally, there are several
federal and state speci al par k designnerali ons ass



Management Plan (NPS 2011). These incldd@®utstanding Remarkable Values (NPS 2011) for
wildlife, culture (New River Bridge), recreation (whitewater recreation), and geology (one of the
oldest rivers in North America), Xationally Significant ad Unique Wildlife Ecosystem for

wildlife values that provide dédsubstanti al benef
Resource Category 1 habitat for habitat of high
irreplaceable onanationala si s6, 4) High Quality Streams for

stocked populations of trout and native warm water streams five or more miles in length with
desirable fish populations that ar aagementfor zed by
the O6use and enjoyment of the citizens of West
ocommiébraistetyd efforts to preserve, protect, and re
and 7) Aquatic Resource of National Importamdiows individual permits for discharge to be

eligible for higher levels of environmental review.

2.1.2. Geographic Setting

The New River Gorge National River (NERI) is located in saghtral West Virginia and covers

over 28,000 hectares (70,000 acres) endbunties of Fayette, Summers, and Raleigh, and

encompasses 85 linear kilometers (53 miles) of the New River (Figure 1). The park abuts Babcock

State Park to the northwest, and is within close proximity to the Gauley River National Recreation

Area (GARI),Bluestone Lake (BLUE), Bluestone and Pipestem State Parks, and Bluestone and
Buery Mountain State Wil dlife Management Areas.
Bechtel Reserve, site of the National Boy Scout Jamboree. The nearest city is BeckleygwV,

km (five miles) to the southwest of the park boundary. Other nearby towns include Mount Hope, Oak

Hill, and Fayetteville, WV, all occurring along the State Highway 19 corridor to the west of the park.

Elevations at NERI range from a low of 248 met14 feet), to a high of 1,004 meters (3,294 feet),

with a range of 756 meters (2,480 feet). As a river gorge, much of the park is steeply sloped with

73% of the park area in slopes greater than 20% (> 11 degree slope). The park lies completely within

the Central Appalachians/Forested Hills and Mountains Ecoregion. Braun (1950) classified the area

as part of the fAmixed mesophytic forest region,
areao. Land cover at NERI i14% &#@ctuturé, aithéhet ed, 3. 8 %
remaining in open water, barren, grassland/herbaceous, or wetland land cover types (Vanderhorst et

al. 2007).
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Figure 1. Setting of New River Gorge National River (NERI) in relation to rivers and other public lands.



2.1.3. Watershed

The New River is part of Ohio River watershed and flows north from North Carolina, through

Virginia, and into West Virginia where it flows through NERI. The New River joins with the Gauley

River downstream (to the north) of NERI to form the Kaha River (Figure 1) which empties into

the Ohio River. Locally, NERI is drained by several creeks that flow through the park and into the

New River. The USGS Watershed Boundary Dataset categorizes watershed boundaries into a

hi erarchy of ofihydeotogi edubiyt sested Ahydrol ogic
iwat ersheddo or HUC 10 |l evel, NERI is drained by
and Manns Creek (Figurbeas2)no Astc alhee, HUCe rle2 aorre flS;
units; three subdivisions of Piney Creek (Beaver Creek, headwaters Beaver Creek, and outlet Beaver
Creek), eight subdivisions of Glade Creek (Madam Creek, Mudlick Briahelrel Creek, Lick

Creek, Meadow Creek, headwaters Glade Creek, outlet Glade CreetnuChe®mb Forki Laurel

Creek, and Farleys Creek), and six subdivisions of Manns Creek (Dunloup Creek, Manns Creek,
Arbuckle Creek, Wolf Creek, Mill Creek, and Laurel Creek) (Figure 3).

The West Virginia Division of Natural Resources modified a natiohn#CH 2 watershed

biodiversity ranking for state implementation, and assigned one creek (Farleys Creek) a ranking of

Bl1, of Aoutstanding gl obal bi odiversity signifi
Creek, Dunloup Creek, outlet Glade Creekth Madam Creek) were given a
gl obal significance. 0 Th rlawel Qveek, Blagadotv Erdek, otlec h e st nu
Piney Creek) were given a ranking of B4, of Aou

2.1.4. Geologic Setting

The geologic structure of the New River Gorge forms the basis of the dramatic scenery, recreational
climbing, and economic history of the park. The New River, through time, hasagdwimrough

mostly horizontally deposited sedimentary geologic formatitumgjing the gorge. The gorge itself

is largely a result of sandstone layers of the New River Formations (Nuttall and Raleigh Sandstones)
that resisted the doweutting erosion of the river and now form the upper walls and cliffs of the

gorge popular forack climbing. The Sewell coal seam of the New River Formation and the
Pocahontas coal seam of the Pocahontas Formation were mined in thraiddr800s at numerous

sites throughout the park. The remains of the former town of Kaymoor give testamentoncog
activities in the park.

The New River is often thought of as one of the oldest rivers in North America, however, the exact
age is difficult to determine. Since the river deauts through rocks that were deposited 320 million
years ago, it is nolder than these rocks although, it could have formed in as little as 3 million years
if the erosion rates of the dovautting force were similar to the Grand Canyon (Lessing 1986).
However, it is more generally thought that the river preceded the upiife #ppalachian

Mountains 225 million years ago or was formed during a second period of uplifting 60 million years
ago (Lessing 1986).
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2.1.5. Climate

The climate of NERI is classified as humid continental (Koppen climate classification), hot/warm
summer subtype or mild/cool summer subtype. This climate type is characterized by warm to hot
summers, and cold winters. The average high July temperatueckieB, WV, for example, is over
25° C (78° F) while the average winter minimum temperature is b&lo@ (19° F) [source:
usclimatedata.com]. Precipitation is distributed relatively evenly throughout the year with the
maximum average rainfall occurring July (13.2 cm, 5.2 in), but with all months receiving on
average over 5.1 cm (2.0 in) of rain and total annual rainfall of close to 101.6 cm (40.0 in).

A changing climate potentially poses threats to NERI including changing temperature and
precipitationpatterns, changing vegetation communities and habitats, and increased risk of severe
storms and fire (NPS 2010). Although habitats at NERI may be somewhat resilient to changing
climate, natural and humanade barriers may restrict the ability of wildldéed plants to migrate or
expand their ranges to areas more climatically suitable (Byers and Norris 2014). Although many NPS
units will be vulnerable to changing climate, particular landscape configurations and setting may
make some parks more vulnerablelimate change than others (Monahan and Fisichelli 2014).
However, many, if not most NPS units are already experiencing climates much warmer than their
19012012 historical average (Monahan and Fisichelli 2014), and NERI is no exception. In future
climatechange scenarios, NERI is predicted to experience significant increases in both precipitation
(5.1-8.5%) and average temperature {&.8 °C, 35.444.2 °F) based on scenarios bracketed by least
and most potential change (Fisichelli et al. 2014). Thesegesawill result in decreasing habitats for
some tree species (yellow birdddtulaalleghaniensik sweet birchBetula lentd, American
basswoodTilia Americand and increasing habitat for others (eastern red cddaigerus

virginiana], sweetgum [Liquidambar styraciflu§ shortleaf pineRinus echinath southern red oak
[Quercus falcath and will likely increase the occurrence of nuisance tree pests (Fisichelli et al.
2014).

2.1.6. Visitation

Visitation to NERI primarily occurs in the summer months, pegkinJuly, but also attracting

visitors in Spring (May) and during the Fall foliage season (October) with the fewest visitors in
January (NPS 2011). Visitation increased steadily between 1984 (231,295 visitors) to 2007
(1,180,411 visitors), with visitatiapeaking in 1996 at 1,225,345 visitors, and then declining

slightly to over 1,100,000 visitors in subsequent years (NPS 2011). It was estimated that close to
75% of visitors tabulated in 2007 were Hogal residents either staying overnight or passing

through (NPS 2011). The largest group of visitors during the period-2998 journeyed to the park

for trail use, followed by those visiting the park for river paddling, and these two visitor use types
remained the highest for the entire period tabulatedfa¢ he Par ks 6 Gener al Ma n a ¢
A large increase in visitors (+239%) traveling to the park for rock climbing was noted between 1998
2007, with declines in tent and recreational vehicle (RV) camp#984) and bus visitors39%)

(NERI GMP 20®). A 2011 study of economic benefits of National Parks found that NERI
experienced 1,071,088 visitors to the park that year, resulting in over $46 M in visitor spending and
directly influencing close to 600 local jobs (Cui et al. 2013).
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2.2. Natural Resource Descriptions and Ecological Units

The central Appalachian ecoregion, in which NERI resides, is a high biodiversity area within North
America, and is a center of endemism for a number of plants, invertebrates, salamanders, and small
mammals due to relativd@dimatic and habitat stability over very long time periods, and high physical
habitat diversity due to variations in elevation, landforms, and geology. The physical habitat template
can be assessed using geographic information systems to quantify the conthinations of

landform type, elevation range, and geologic units, and this type of analysis has been conducted by
the Nature Conservancy, the state of West Virginia, and by NERI as a guide to ecosystem assessment
and habitat suitability for a range gffecies. In NERI, park staff identified 146 unique combinations

of elevation, geology, and 14 landform types. Landform types at NERI (by descending order of park
area) include steep slopes, side slopes, cliffs, upper slopes, coves, slope crests, ftat swomghi
flats, wet flats, sl ope bottoms, and dry fl ats.
been used successfully by park staff to model the distribution of rare and at risk plants, including
American ginsengHanax quinquefoli@anacis ig(A. Steele, NPSNERI, personal communication).

2.2.1. Physical Resources

In 2017, a Geologic Resources Inventory report was completed for Bluestone National Scenic River,
Gauley National Recreation Area, and New River Gorge National River (Thorsbierigh 2017).

This report describes the geologic history, explores the geologic resources map for the park, and
details geologic issues facing park resource managers. Major geologic issues identified echo those
presented in the earlier natural resource assesstMattan 2004, Mahan and Darden 2014) and
include a needed understanding of: hazards due to slope movements, paleontological resources (and
interpretation), coal and other resource extraction effects on natural resources, stream channel
morphology and flovdynamics, karst features, shrinkdswell clays, geologic faults and folds,

seismic activity levels, and a thorough wetland inventory. The geology and resulting soil profiles (see
Soil Resource Inventory, irma.nps.gov/DataStore/Reference/Profile/2176fA08)NERI shaped

the current ecological communities. Other geologic conditions (river gorges, exposed coal seams,
limestone cliff exposure) influenced the lehigtory of human presence and use of the area. Native
Ameri canso6 use o fnsportaton rbiutewlateR backeat least $2,0@0 ydans and
industrial settlement of the area by Europeans (beginning in the 1850s) was influenced by the
presence of natural resources including timber, coal, and, more recently, natural gas (Thornberry
Ehrlich 2017). More recently, swift water flows at the base of a deep river gorge, exposed limestone
cliffs, and expansive forests, make NERI a recreation destination. Natural processes and human
modification of the landscape continue to shape the geology of NiE®Righ the effects of river

damming on stream flow, past mining and resources extraction on soil movement and hazards, and
recreational effects on cliffs, boulders, and flatrock vegetation communities (Mahan 2004, Mahan
and Darden 2014, Mahan 2016).

2.2.2. Water Resources

Although the central feature of NERI is the New River and the vieteed recreation it affords,

water quality issues pose significant management challenges, many of which are beyond the control
of the NPS. The predominant water quality issuesaater quality impairments, specifically from

fecal coliform bacterial pollution, low pH, metals (aluminum, iron), and or biological impairment. A
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number of the tributaries to the New River flowing through the park, as well as the main stem of the

New Rier have been designated as impaired for some or all of these pollutants by the EPA (Figure

4) and placed on the EPAOG6s 303(d) Ilist. Most i m
maxi mum daily | oad (TMDL) desi gdbytha State ofdvest T MDL 0
Virginia, Department of Environmental Protection (WV DEP) in cooperation with the Environmental
Protection Agency (EPA). A TMDL i s, fa deter min
point, and natural background sources)uding a Margin of Safety (MOS), which may be

di scharged to a water quality | imited bodyo (EP
environmental conditions, including impacts of high rainfall runoff and stream flow events-on non

point source pollutiorand impacts of low flow events on pollutant loading from point sources (EPA

2014).

Sources for impairment are varied; sources for pH and metals include point sources such as permitted
mining discharges and construction sites, andpmnt sources suclsabandoned mine lands (EPA

2014). For fecal coliform bacteria, sources include permitted point discharges such as waste water
treatment plants, and nguermitted point sources including failing septic systems and straight pipes

into streams (EPA 2014). Nepoint sources of fecal coliform include storm water runoff,
agriculture, and finatural backgroundod sources s
sources of fecal coliform, however, are inadequately treated sewage and runoff from pasture land
(EPA 2014). Review and enforcement of TMDLs are intended to remove untreated sewage sources
and reduce agricultural runoff, which should also improve streams suffering from biological
impairment (EPA 2014). Likewise, enforcement of TMDLs for metal palfutiue to mine drainage

may also help reduce biological impairment. Indeed, the TMDLs developed for the New River do not
include separate TMDLs for biological impairment, but instead assume that enforcement of the
developed TMDL will serve as surrogates ifmproving biological condition.

2.2.3. Ecosystem Integrity, Focal Species, Resource Issues

As outlined in previous natural resource management documents (Mahan 2004, NPS 2011, Mahan
and Darden 2014), the fundamental ecosystems and species at NERI include outstanding features
related to the presence of the New River and the surrounding NewQivge. The cliffs of the

gorge extend for a distance of 32.2 km (20.0 mi) and are primarily composed of perpendicular rock
that, at its deepest point, extends 393.8 m (1,292 ft.) to the valley below (Mahan 2016). This gorge is
a nationally significant geogic feature and is only rivaled in the eastern United States by the

Niagara cliffs in New York (Brooks 1911). Waters of the New River and associated tributaries
support a rich diversity of fish, amphibians, invertebrates, and outstanding recreationaa(s.g.

fishing, rafting). The forests and plant communities of the surrounding gorge support rare plant
species, diverse breeding bird communities, a rich assemblage of mammals, and popular recreational
activities (e.g. rock climbing, hiking). Focsphecies of interest to, and representative of, these aquatic
and terrestrial ecosystems include a variety of-difielling lichens (e.gUmbilicaria spp.) Oak
(Quercusspp.), Ash EFraxinusspp.), Virginia PineRinus virginiang, Eastern HemlocKTsuga

Canadensik American ginsengSmallmouth bassNlicropterus dolomiely Big mouth chub

[Nocomis platyrhynchiisBlack-belly salamandefjesmognathus quadramaculatu€erulean

Warbler Setophaga ceruledhouisiana WaterthrustParkesia motacilly Alleghery Woodrat
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[Neotoma magistgrMyotis bats Myotisspp.), and the Appalachian Flatrock vegetation community
type.
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Figure 4. EPA and West Virginia 303(d) impaired streams and cause of impairment, for major streams
flowing into New River Gorge National River (NERI) only. Note: many streams have multiple impairments
that are not depicted on this map [Source: http://dep.wv.gov/IWWE/watershed/IR/Pages/303d_305b.aspx].
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Today, the major issues facing NERI and its natural resources include stream pollutingjven
species, mining and other development outside the park, recreational disturbances, and altered river
flow regimes. Many of these activities fragment and degrade natural resources at NERI but their
effects can be lessened with proper planning and neamegt, resource protection, and improved
infrastructure development within (e.g. proper trail placement) and outside the park (e.g. sewage
treatment improvements; Mahan and Darden 2014).

2.3. Resource Stewardship

2.3.1. Management Directives and Planning Guidance

In 2011, a General Management Plan (GMP) was completed for NERI. The 1978 National Parks and
Recreation Act requires the NPS to complete a GMP for each unit of the National Park System. A
GMP recommends a course for the management of a national park fextHd&20 years and any
proposed management actions must follow the requirements of the National Environmental Policy
Act of 1969 (NEPA). Therefore, the NPS is required to prepare an Environmental Impact Statement
(EIS) to meet the requirements of NEPAETHIS describes the existing environment of the national
park prior to taking any action, proposes several alternatives for taking action, and analyzes the
potential environmental impacts of implementing each alternative.

The GMP/EIS for NERprovides a p&k overview, summarizes the Foundation for Planning

(Foundation Plan), describes the planning and consultation processes, and focuses on a

comprehensive description of the preferred alternative that was selected for implementation (NPS

2011). The FoundatioPlan describes the park purpose and significance, and identifies the

fundamental and other important resources and valirespark purpose and significant statements

convey the reasons for which the park was set aside and why, within a national | regidisgstem

wide context, the parkés resources and values a
designation. The purposes of NERI are to:

1. preserve an important frélowing segment of the New River,

2. preserve, protect, and conserve outstandisguees and values in and around the New
River Gorge, including geologic and hydrologic features, terrestrial and aquatic ecosystems,
historic and archeological resources, cultural heritage, and scenic character,

3. provide opportunitiesforpuble nder st andi ng, appreciation, an
natural, cultural, scenic, and recreational resources and values.

The significance of NERI is conveyed in the following six statements:

1. Flowing water is the definitive creative force shaping theagic features of the New River
Gorge. The New River, one of the oldest rivers in the world, continues to sculpt the longest
and deepest river gorge in the Appalachian Mountains.

2. The waters of the New River system contain a mosaic of hydrologic feandegjuatic
habitats, support a unique aquatic ecosystem, and nourish a riparian zone that supports rare
plants, animals, and communities.
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3. New River Gorge National River lies at the core of a globally significant forest, contains the
most diverse flora adiny river gorge in central and southern Appalachia, and provides
essential habitat for endangered mammals and rare birds and amphibians.

4. New River Gorge National River contains a large, outstanding and representative group of
historic places that testitp the experiences of those diverse people who settled and
developed this part of Appalachia between the 19th anelfiiu centuries.

5. New River Gorge National River has diverse and extraordinary scenic resources and views
accessible to visitors from theveir, rocky overlooks, trails, and rural roads throughout the
park

6. New River Gorge National River provides visitors with exceptional opportunities for
exploration, adventure, discovery, solitude, and community.

Additional fundamental and other importang@arces and values were most recently identified and
described within NERI&s Foundation Plan and inc
water, the deep river gorge, rare aquatic habitats (including plants, animals, and ecological

communities), pbally significant forest cover that contains habitat for rare plants and animals,
culturally significant settlements that O0testif
and developed this part of Appalachia between tfeah@ mid20"c ent uri esé, sceni c \
views, recreational opportunities for exploration, adventure, solitude, and community.

2.3.2. Status of Supporting Science

I n preparation for NERI &6s Gener al Management Pl
park was pregred in 2004 that summarized all available science for the park to date (Mahan 2004).
Since that initial assessment and the final GMP, additional studies have been conducted within the
park by resource managers and cooperating partners. These studiesacad of this natural

resource condition assessment (NRCA). Recent scientific studies of significance include the
completion of a Resource Stewardship Strategy (Mahan and Darden 2014), research on cliff geology
and ecology (Mahan 2016), forest and pleorhmunity types (e.g. Vanderhorst et al. 2007),

amphibians, breeding birds (e.g. Varner and Biasiolli 2008), bats (e.g. Paul 2014), and the Allegheny
woodrat (e.g. Wood 2001). In addition, monitoring of streams for water quality, macroinvertebrates,
and fsh is ongoing by the state and park staff (e.g. Laegn environmental monitoring program
[LTEMS]). Finally, the establishment of the Eastern Rivers and Mountain Inventory and Monitoring
Network (ERMN) within the NPS has produced a variety of findimgsi$ed on six selected vital

signs: 1) Vegetation and Soil (e.g. Perles et al. 2016), 2) Invasive species (e.g. Manning 2016), 3)
River Water Quality, 4) Rare riparian plant communities (e.g. Perles 2016), 5) Stream benthic
invertebrates (e.g. Tzilkowskit al. 2015), and 6) Streamside birds (e.g. Marshall et al. 2013).
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3. Study Scoping and Design

3.1. Preliminary Scoping and NPS Involvement

An initial kick-off meeting for the NRCA was conducted on 20 October 2015 at NERI. Meeting
attendees included staff from NERI: M. Graham, J. Perez, J. Purvis, L. Strickler, A. Steel, L. Paul,
the Northeast Region: C. Arnott (NER), and the ERMN: M. Mats@alTzilkowski. At this

meeting, the general approach and framework for the Natural Resource Condition Assessment was
presented and discussions were held about natural resource research conducted since completion of
the last Natural Resource Assessmar2004 (Mahan 2004). In addition, available data, projects,

and products (published and unpublished) related to NERI and housed at the ERMN were discussed
and listed. Availability of digital GIS datasets was also shared. Finally, park staff provided
information about projects that arefmogress and explained the availability of data for these

projects. Throughout the compilation of this document the authors communicated with NERI,

ERMN, and Regional staff for additional information and data regardingresokirces. A meeting

that summarized the initial findings and conclusions of the NRCA was held with park and Northeast
region staff in May 2017.

3.2. Assessment Framework and General Approach and Methods

This Natural Resource Condition Assessment reportongenized by Physical and Biological

Natural Resource Components of specific interest to the park. In particular, fundamental and
important natural resources as identified in the NPS (2011) were prioritized for assessment and are
presented in thilatural Resource Conditionssection (below). In addition, research and data that
was collected and/or conducted since the completion of the last Natural Resource Assessment
(Mahan 2004) were the focus of this report. No new data were collected in the preparti®n of
report. However, where appropriate, new analyses of existing data sets were performed. These
analyses were primarily performed with landscape data sets although summaries of species and
related data sets were also conducted.

Within each natural resmce component, a description of the resource including (if known) its

current condition, reference condition, thresholds, trends, and threats/stressors was provided. Within

this description, summaries of data and reports available since 2004 were irdtudgdith

appropriate references. The NRCA does not attempt to replicate the information found within other
reports but, rather, synthesizes and contextualizes those data and findings to better describe the

current condition of a particular natural resmicomponent. Whenever possible established NPS

metrics and benchmarks (e.g. NPS vital sign parameters, ERMN forest condition summaries, NPS air
guality assessment) or metrics from established monitoring programs (e.g. WV water quality
monitoring)wereusd t o esti mate the condition of the par
metrics and/or benchmarks were not available, condition was based on the most recent, quantitative,

and reliable data for the park or on best professional judgment. For each regaurce component,

a section on data gaps, needs, and, in some cases, potential management strategies are presented.
These strategies were extracted from natur al re
Stewardship Strategy (Mahan and Dardebd)0or recommended by natural resource managers at,

or familiar with, the park.
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For each natural resource component a graphic summary of the status of the resource (good,
moderate concern, significant concern, Table 1) based on historic, recent resmedamhmonitoring
efforts and a statement of current condition status and trend was presented and interpreted (Table 2
for example). The NPS shared guidelines for combining conditions for various metrics in order to
develop an overall assessment of resewondition (Table 3, NPS 2013). To determine the overall
trend the total number of down arrows was subtracted from the total number of up arrows. If the
result was3 or lower, the overall trend was down. If the result is between 2 2nithe overallrend
was unchanging (NPS 2013). These graphic summaries are presented for all natural resource
components in thBiscussionsection (below). These graphics are followed by a synthesis of
suggested management, research, and inventory/monitoring strabegigistain or improve

condition of key natural resources.

Table 1. Symbol key legend used to report natural resource condition, trend, and confidence in data used
for the assessment.

Confidence in

Condition Status Trend in Condition Assessment

Resource is in Good

Condition Condition is Improving High

Moderate Concern

Resource warrants
Significant Concern

Resource warrants <:> Condition is Unchanging Medium

Condition is Deteriorating [ i Low

! 1 | Condition Status Unknown; Consequently, Trend is also Unknown and Confidence is Low
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Table 2. Example of interpretation of natural resource condition symbols.

Symbol Interpretation of condition or trend

Resource is in good condition; its condition is improving; high confidence in the assessment.

the assessment.

Condition of resource warrants moderate concern; condition is unchanging; medium confidence in

low confidence in the assessment.

Condition of resource warrants significant concern; trend in condition is unknown or not applicable;

/ Y | Current condition is unknown or indeterminate due to inadequate data, lack of reference value(s) for
l‘ 1+ | comparative purposes, and/or insufficient expert knowledge to reach a more specific condition
A determination; trend in condition is unknown or not applicable; low confidence in the assessment.

Table 3. Range of values from Natural Resource Condition Assessment guidelines when averaging
multiple metrics estimate natural resource condition.

Condition Point value Average for multiple metrics
Good 100 67 to 100 points (Good)
Moderate Concern 50 34 to 66 points (Moderate Concern)
Significant Concern 0 0 to 33 points (Significant Concern)

19







4. Natural Resource Conditions

4.1. Acoustic Environment/Soundscapes*
*Modified from: Lochen Wood, NPS, Natural Sounds and Night Sky Division (NSNSD), 2016.

Description: (includes [if known]: current condition, referencondition, thresholds, trends,
threats/stressors)

The acoustic environment is a resource with intrinsic value. It is a critical component of wilderness
character and plays an important role in wildlife communication, behavior, and other ecological
proceses. Multiple surveys of the American public indicate that hearing the sounds of nature is an
important reason for visiting national parks (e.g. Haas and Wakefield 1998). Despite this desire for
guiet environments, anthropogenic noise continues to intrpde natural areas and has become a
source of concern in national parks (Lynch et al. 2011, Buxton et al. 2017). Sound also plays a
critical role in intraspecies communication, courtship and mating, predation and predator avoidance,
and effective use ofdbitat. Studies have shown that wildlife can be adversely affected by sounds
that intrude on their habitats (Shannon et al. 2016). While the severity of the impacts varies
depending on the species being studied and other conditions, research strongtyg supeact that
wildlife can suffer adverse behavioral and physiological changes from intrusive sounds (noise) and
other human disturbances. Documented responses of wildlife to noise include increased heart rate,
startle responses, flight, disruptiontghavior, and separation of mothers and young (USDA 1992,
Anderssen et al. 1993, NPS 1994). Therefore, the value of acoustic environments and soundscapes is
related to an array of park resources and has broad implications for park management. At NERI,
noise could be generated from a variety of hurbased sources including: park facilities and
operations, nearby development, transportation, aircraft, visitor vehicles, music, shouting, and
electronics.

For managemendndplanningpurposesit is importantto distinguishanddefinecertainkeyterms.

As definedby the NationalParkService(NPS),acousticresourcesarephysicalsoundsources,

including both natural sounds (wind, water, wildlife, vegetation movement) and cultural (e.g. noises
associated with Native American settlement) and historic (e.g. the noises of battle) $bends.
acousticenvironments the combinationof all the acoustt resourcesvithin agivenarea- natural

sounds and humaraused soundsas modified by the environment. The acoustic environment
includes sound vibrations made by geological processes, biological activity, and even sounds that are
inaudible to most hunmes, such as bat echolocation caleundscapenowever s thatcomponenbf
theacousticenvironmenthatcanbe perceivedandcomprehendetly humansThe characteand

guality of the soundscapafluencethe humanperception®f anarea,providinga serseof placethat
differentiatest from otherregions.Noiserefers to sound which is unwanted, either because of its
effects on humans and wildlife, or its interference with the perception or detection of other sounds.

Reference condition for ambient swlrefers to the acoustical conditions that exist in the absence of
humancaused noise and represents the level from which the NPS measures impacts to the acoustic
environment. The influence of anthropogenic noise on the acoustic environment is geepoatadr

in terms of sound pressure level (SPL) across the full range of human hearirgQ,026 Hz).
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Various characteristics of sound can contribute to how noise may affect the acoustic environment.
These characteristics may include rate of occurrehg@tion, amplitude, pitch, and whether the

sound occurs consistently or sporadically. In order to capture these aspects, the quality of the acoustic
environment is assessed using a number of different metrics including: 1) existing ambient and

natural amkent sound level (measured in decibels), 2) percent time hgawsed noise is audible,

and 3) noisdree interval. The use of all these metrics can make selecting one reference condition
difficult. Ideally, reference conditions would be based on measuntsroellected in the park, but this

is not always logistically feasible.

Thresholds for assessing the effects of sound on disturbance can come from a variety sources. For
example, Haralabidis et al. (2008) have found that a sound level of 35 dB&ighted decibel) can

have adverse effects on humans by causing sleep interruption. The World Health Organization sets a
Ahuman sl eeping thresholdo of 45 dBA (Berglund
ability to hear human speech. The EPA setisreshold of 52 dBA for speaking in a raised voice to

an audience at 10 meters. This threshold addresses the effects of noise on interpretive programs in
parks. Another threshold set by the EPA is 60 dBA which provides a basis for estimating impacts on
normal voice communications at 1 meter.

In cases where ability to collect acoustic data on site is limited, NPS Natural Sounds and Night Sky
Division (NSNSD) developed a geospatial sound model which predicts natural (Figure 5) and
existing (Figure 6) souhlevels with 278m resolution (Mennitt et al. 2013). In addition to predicting
these two ambient sound levels, the model also calculates the difference between the two metrics,
providing a measure of impact to the natural acoustic environment from agbrop sources

(Figure 7). The resulting metric (L50 dBA impact) indicates how much anthropogenic noise raises
the existing sound pressure levels in a given location.

At NERI, the mean impact is predicted to be 1.3 dBA (ranging from 0 dBA in the least impacted
areas to 8.9 dBA in the most impacted areas (Figure 7). That is, the average existing sound level
(with the influence of humanaused sounds) is predicted to be 1.3 dBA/almatural conditions. A

one decibel change is not readily perceivable by the human ear, but any addition to this difference
could begin to impact listening ability. An increase of 1.3 dBA would reduce the listening area for
wildlife and visitors by 26%. & example, if a predator can hear a potential prey animal in an area of
93nf( 100 square feet) in a setting with natur al
be reduced to 6.9 1§74 square feet) if the sound levels were increased byBIA3 Similar

reduction would occur for visitors and their ability to hear natural sounds or interpretive programs.
Compared to parks throughout the national park system, this is a low number and shows a
prominence of natural sounds that should be presenvegrotected.
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Figure 5. Median natural sound pressure levels for New River Gorge National River (NERI). The color scale indicates the decibel level that is
predicted in the park based only on natural sound sources. Sound level is measured in A-weighted decibels, or dBA, with 270 meter resolution.
Black and dark blue colors indicate low decibel impact levels while yellow or white colors indicate higher decibel impact levels. Note that due to the
national scale of the model inputs, this graphic may not reflect recent localized changes such as new access roads or development (NPS, Natural
Sound and Night Skies Division, 2016).
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Figure 6. Median existing sound pressure levels for New River Gorge National River (NERI). The color scale indicates the decibel level that is
predicted in the park based only on both human-caused and natural sound sources. Sound level is measured in A-weighted decibels, or dBA, with
270 meter resolution. Black and dark blue colors indicate low existing decibel levels while yellow or white colors indicate higher existing decibel
levels. Sound levels in national parks can vary greatly, depending on location, topography, vegetation, biological activity, weather conditions and
other factors. Note that due to the national scale of the model inputs, this graphic may not reflect recent localized changes such as new access

roads or development (NPS, Natural Sound and Night Skies Division, 2016).
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2016).
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At NERI, the mean existing sound level (natural hothancaused sounds) is estimated to be 36.7

dBA (ranging from 33.8 to 45.7 dBA; Figure 6). At this sound level, campers would begin to be
interrupted during sleep but personal and interpretive speech could be heard by a listener. Since 36.7
dBA is a meanthere may be periods and locations where noise exceeds the listening thresholds
described above. The mean existing sound levels at the park are lower than the sound levels in
nearby developed areas. This condition demonstrates that sounds intringipaokticould be an

important resource to protect in the park environment.

4.1.1. Data Gaps, Needs, and Management Strategies

Baseline acoustic ambient data collection within the park will clarify existing conditions and provide
greater confidence in resource daion trends. In addition to providing sigpecific information,

this information can also strengthen the national noise model. With respect to the effects of noise,
there is compelling evidence that wildlife can suffer adverse behavioral and physibtdginges

from noise and other human disturbances, but the ability to translate that evidence into quantitative
estimates of impacts is presently limited. Several recommendations have been made for human
exposure to noise, but no guidelines exist for M@dand the habitats we share. The majority of

research on wildlife has focused on acute noise events, so further research needs to be dedicated to
chronic noise exposure (Barber et al. 2011). In a review of the literature addressing the effects of
noiseon wildlife published between 1990 and 2013, wildlife responses to noise were observed
beginning at about 40 dBA, and further, 20% of papers showed impacts to terrestrial wildlife at or
below noise levels of 50 dBA (Shannon et al. 2016). Wildlife resptmngeise was found to be

highly variable between taxonomic groups. Furthermore, response to noise varied with behavior type
e.g. singing versus foraging (Shannon et al. 2016). In addition to wildlife, standards have not been
developed yet for assessing tiality of physical sound resources (the acoustic environment),
separate from human or wildlife perception.

Park managers at NERI could study ways to reduce noise from park operations (e.g. time activities to
preserve quiet times, purchase quieter eqaignconsider the use of quiet pavement, include noise
mitigations as specification in contracting actions, where appropriate, etc.). In addition, outreach and
communication to visitors about reducing noise from sources such as electronics and idlieg vehic
and the benefits of noise reduction to park experience and wildlife health may be helpful. Finally,
park managers could seek ways to collaborate with partners and neighbors to manage noise sources
that could affect park resources.

4.2. Dark Night Skies*
*Modified from: Lochen Wood, NPS, Natural Sounds and Night Sky Division, 2016.

Description: (includes [if known]:current condition, reference condition, thresholds, trends,
threats/stressors)

The 2006 NPS management policies document the importance of a natural photic environment to
ecosystem function and the importance of the natural lightscape for aesthetics. Natural lighting
conditions are also important to wilderness character and havédeedfied under the Clean Air

Act (CAA) Amendments as an air quality related value. Therefore, the importance of lightscapes and
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photic environments is related to an array of park resources and values at NERI including nocturnal
wildlife such as migratgrbirds, owls, bats and other small mammals, riparian invertebrates, and
visitor experiences (including nighitne interpretive programming and camping).

One way the NSNSD scientists measure the quality of the photic environment is by measuring total

sky brightness averaged across the entire sky and comparing that value to natural nighttime light

levels (reference condition). This measure, called the Anthropogenic Light Ratio (ALR), can be

directly measured or modeled when observational data are unawailabler ALR levels reflect

higher quality night sky conditions. At NERI, the modeled median ALR value is 1.80 (Figue 8).

ALR of 0.0 would indicatepristine natural corditions. At an ALR of 1.8, the Milky Way is visible but

has typically lost someofis det ail and is not visible as a co
dawno which is faint glow at the horizon just b
Anthropogenic light likely dominates light from natural celestial features and shédowsdistant

lights may be seen. The ARL at NERI is comparable to that found at the Wright Brothers National
Memor i al on North Carolinads Outer Banks (1. 2)
Mountain National Battlefield Park (19.3) located justside of Atlanta, Georgia (NPS 2013, NPS

2016).

Although the park night sky quality is partially degraded due to the proximity to multiple population
centers, NERI provides important habitat for nocturnal wildlife and a unique opportunity for visitors
to enjoy night sky resources. By providing overnight camping and conducting night time
programming, the park has demonstrated that it is dedicated to protecting night sky resources.

4.2.1. Data Gaps, Needs, and Management Strategies

Data on background niglime light levels collected in the park are important to better assess threats
to the dark nightime skies at NERI. Threats to the dark night sky at NERI include artificial light

from park facilities and operations, artificialigfrom nearby development, light domes from nearby
bright towns/cities, and artificial light from visitors. The park could address some of these issues by
developing and implementing a park lighting plan (e.g. develop night sky goals, indicators, and
stardards) and/or pursuing an International Dark Sky Park status. In theestmorthe park could

retrofit light sources to reduce glare, reduce overall light output, direct lights downward, and install
warmer color lamps.
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4.3. Air Quality (includes Visibility, Ozone, Sulfur and Nitrogen Deposition, Mercury
Deposition, and Climate Change)*

*Modified from: Holly Salazer, NPS, Air Resources Division, 2016.

Description: (includes [if known]:current condition, reference condition, thresholds, trends,
threats/stressors)

The 2006 NPS management policies clarify that t
air quality in parkso. This means establishing
with the CAA and other policy goals. The NPS AirsRarces Division (ARD) focuses on air quality
indicators and associated benchmarks to evaluate air quality conditions in national parks: visibility,
ozone, sulfur and nitrogen deposition, and mercury/toxics deposition.

4.3.1. Visibility

Vistas at NERI are ofteabscured by pollutiortaused haze. Currently, the visibility condition at the
park warrants significant concern and does not meet theARESrecommended benchmark for

good condition. Visibility is a measure of how far and how well we can see a distararatl

scene. Pollutant particles in the atmosplieirem both natural and humatraused sources (e.g.

power plants, dusi) scatter and absorb light, creating a haze that impairs scenic views. The deciview
(dv) metric measures visibility changes as perxtby the human eye (analogous to the decibel
scale), and is used by the air regulatory community to track visibility conditions and trends. The
CAA established a national goal to return visib
NPSARD recommends a visibility benchmark condition for all NPS units, regardless of Class
designation, consistent with the CAA goal. Natural visibility conditions (reference conditions) are
those estimated to exist in a given area in the absence of human daiskg impairment (EPA
454/B-03-005). The NPSARD recommends that average visibility days should be < 2 dv above
natural conditions as a benchmark for good visibility condition @R® 2015). Based on 2008

2015 estimated visibility data, average vildippin NERI was 8.4 dé above estimated natural
conditions, and falls within the significant concern category. Data from the nearby Natural Bridge,
Virginia visibility IMPROVE (Interagency Monitoring of Protected Visual Environments)

monitoring site indiates that during the 208812 decade, the trend in visibility improved on both
the 20% clearest days and 20% haziest days, resulting in an overall improving visibility trend. The
degree of confidence in the visibility condition and trend at NERI is heglalse of the nearby
visibility monitor (IMPROVE Site ID: JARI1, VA; NPARD 2015). The major pollution sources

that impact scenic resources are power plants, oil and gas development, industrial facilities,
agriculture, vehicle exhaust, and urban developgme

As reported in Mahan (2004), a detailed visibility analysis efri3d slide data collected at NERI

from 1995 to 2000 support the seasonal pattern described by the IMPROVE data collected at the
surrogate monitoring site. The vista in eackhn®® slide wa reviewed for visible haze events and

haze events were judged to be fAslighto, fAmoder a
of selected targets. Summer exhibited the poorest visibility, with slight, moderate, and considerable

haze intensitiesccurring 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
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winter, with slight, moderate, and considerable haze intensities occurring 64%nd% of the
time, respectively.

4.3.2. Ozone

Groundlevel ozone at NERI warrants moderate concern for human health and vegetation health in
accordance with NRBRD benchmarks. Grourkvel ozone is formed when nitrogen oxides from
vehicles, power plants, amther combustion sources combine with volatile organic compounds from
gasoline, solvents, and vegetation in the presence of sunlight. The National Ambient Air Quality
Standard (NAAQS) for ozone is set by the EPA, and is based on human health effects. NERI
located in Fayette, Raleigh, and Summers counties in West Virginia that meet the NAAQS ozone
standard of an-8our average concentration of 75 parts per billion (ppb). For this reason, these
counties are EPA desi gnat eNPSARD tetominands @ benchmaekr e a s
for good ozone condition of 60 ppb or less, which is 80% of the human-beakid NAAQS. The
moderate concern for NERI ozone levels is based onARIS benchmarks and the 200815

estimated ozone concentration (4th higlekour average) of 64.5 ppb. The degree of confidence in
the ozone condition is medium because estimates are based on interpolated data from more distant
ozone monitors (NRBRD 2015).

In addition to being a concern to the health of park staff and visitorgterm exposures to ozone

can cause injury to ozorsensitive plants. The W126 metric, developed by the EPA in 2006, relates
plant response to ozone exposure and is a better predictor of vegetation response than the metric used
for the human healthatdard. The W126 metric measures cumulative ozone exposure over the
growing season -houng dns)TheNPS8ARD recorhmends anW126 of <7
ppmthrs to protect sensitive vegetation. At NERI, the W126 metric during-2008 was 7.4 ppm

hrs, and, therefore, warrants moderate concern. The degree of confidence in the condition of ozone
risk to vegetation is medium because estimates are based on interpolated data from more distant
ozone monitors (NRBRD 2015). A risk assessment that consdenzone exposure, soil moisture,

and sensitive plant species concluded that plants in NERI were at moderate risk of foliar ozone injury
(Kohut 2007). The park has at least 20 ozsaesitive plants including American Sycamore

[Platanus occidentaljs Yellow Poplar Liriodendron tuliperd, Cutleaf Coneflower Rudbeckia

laciniata), and Spreading Dogban&gocynum androsaemifoligiiNPSpecies 2015).

4.3.3. Sulfur and Nitrogen Deposition

Both sulfur and nitrogen deposition warrant significant concern at NERtor@dance with NPS

ARD benchmarks. Lichen and forest vegetation may be at risk for harmful effects from nitrogen
deposition. Airborne pollutants are deposited to the earth through a process called atmospheric
deposition. Pollutants that come down with raimow, or other precipitation are wet deposition; and
pollutants that come down as dust, particles, or gas are dry deposition. Total deposition includes both
wet and dry deposition. Sulfur and nitrogen compounds in air pollution (e.g. industry, agrjailture

and gas development) can be deposited into ecosystems and cause acidification, excess fertilization
(eutrophication), and changes in soil and water chemistry that can affect community composition and
alter biodiversity. Sulfur, together with nitrogesontribute to acid deposition and can result in

changes in community structure, biodiversity, reproduction, and decomposition.
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In and around NERI, codired power plants and mobile sources such as vehicles are believed to be
major contributors to airgllution regionally in the eastern United States. Due to ozone and fine
particulate air quality standards, emissions from coal fired power plants and mobile sources have
declined significantly in the past decade. These emission reductions should als@iaipguality
conditions at NERI. For example, sulfur dioxide emissions from power plants in West Virginia and
Virginia were reduced by 85% between 2000 and 2014; over the same time period nitrogen oxide
emissions from electric utilities in these stateseweduced by 74%. Neighboring states have
accomplished similar reductions and additional emission reductions from electric utilities are
required before 2018. The EPA requires cleaner engines and cleaner fuels for vehiclesraad non
engines so nitrogeoxide emissions from mobiles sources have also been reduced.

Increasing oil and gas development also poses a threat to park air quality. New drilling technologies
such as horizontal drilling and hydraulic fracturing, and shale gas development haseiicrea
exponentially within the region, including within West Virginia (EIA 2014). Equipment associated

with oil and gas development such as drill rigs, fracturing engines, valves, seals, compressors, etc. all
emit air pollutants, and in regions of extengileelopment, can contribute to air quality impacts.

There are a significant number of active wells west of the park boundaries (WV DEP 2017).

Ecosystems at NERI were rated as having very high sensitivity to potential effects of acid deposition
relative toall other parks within the Eastern Rivers and Mountains (ERMN) NPS monitoring

network. This rating was based on conditions such as steep slope, high elevation, and the abundance
of vegetative types expected to be most sensitive to acidification. Plasitsveeto the effects of
acidification in the park include sugar maple tre&sef saccharugrand may be most vulnerable in

areas that contain soils with low aadutralizing capability (Sullivan et al. 201 Most NERI

streams are welbuffered (pH 7.8.5), indicating some resistance to the effects of acid deposition
(Purvis et al. 2002).

The NPSARD recommends sulfur wet deposition of less than 1 kilogram per hectare per year
(kg/halyr) to protect sensitive ecosystems. Wet sulfur deposition at thevgadnts moderate

concern based on NPERD benchmarks and the 200815 estimated wet sulfur deposition of 2.9
kg/halyr. The degree of confidence in the wet sulfur deposition condition is high because estimates
are based on interpolated data fromstie or nearby monitors (NRERD 2015).

Although nitrogen is an essential plant nutrient, surplus levels of atmospheric nitrogen deposition can
stress ecosystems by contributing to acid deposition. In addition, excess nitrogen can cause weedy,
nortnative planspecies to grow faster and eadmpete native vegetation adapted to low nitrogen
conditions, decreasing biodiversity and contributing to loss of ecosystem health and function (Blett &
Eckert 2013; Bobbink et al. 2010). Atmospheric nitrogen depositioncanase cumulative impacts

to ecosystems when coupled with terrestrial sources from fertilizers. ThRéd\RBSecommends

nitrogen wet deposition of less than 1 kg/hal/yr to protect sensitive ecosystems. Wet nitrogen
deposition at the park warrants significanhcern based on NPSRD benchmarks and the 2008

2015 estimated wet nitrogen deposition of 3.7 kg/ha/yr. The degree of confidence in the wet nitrogen
deposition condition is high because estimates are based on interpolated datagitenoonearby
monitors (NPSARD 2015).
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Ecosystems at NERI are not typical of nutrient polluting, nitregemsitive systems and were rated
as having very low sensitivity to nutrieahrichment effects relative to all other ERMN parks (NPS
ARD 2015). However, park wetlandsagnbe vulnerable to excess nitrogen deposition, which can
alter plant communities and reduce biodiversity. (Sullivan et al. 2011).

In addition to assessing wet deposition levels, critical loads can also be a useful tool in determining
the extent of nitrogn deposition impacts (i.e., nutrient enrichment) to park resources. A critical load
is defined as a level of deposition below which harmful effects to the ecosystem are not expected.
Pardo et al. (2011) suggested following critical load ranges for titagen deposition in the

Easten Temperate Forests ecoregi@h3.0 8.0 kg/ha/yr to protect forest vegetation, 2)i 8.0

kg/halyr to protect lichen, and 3) 1715.5 kg/hal/yr to protect herbaceous vegetation. To maintain
the highest level of protectian the park, the minimum of the critical load ranges (3.0 kg/ha/yr) is an
appropriate management goal. The estimated maximuni 2012 average for total nitrogen

deposition was 9.0 kg/hal/yr in the Eastern Temperate Forests ecoregion-{ND¥EHP2014) of

NERI. Therefore, the total nitrogen deposition level in the park is above the minimum ecosystem
critical loads for some park vegetation communities, suggesting that lichen and forest vegetation
types are at risk for harmful effects. In addition, higher nérogoncentrations in some plants have
been shown to increase susceptibility to certain insect pests. Pontius et al. (2006), for example, found
that nitrogen concentration in Eastern Hemlock stands correlated with infestation of Hemlock
Woolly Adelgid [Adebes tsugak and increased severe dieback symptoms.

4.3.4. Mercury and Toxics Deposition

Mercury and toxics deposition is rated by the NFED as a significant concern at NERI. Mercury

and other toxic pollutants accumulate in the food chain and can affeavitditfe and human

health. Potential sources of atmospheric mercury at NERI inclugedolyicts of coafire

combustion, municipal and medical incineration, and mining operations. Mercury also may enter the
environment from historically contaminated sodffjJuent from waste water treatment facilities,

current local industrial practices, and regional and global air transport. Wet and dry deposition can
lead to mercury loadings in water bodies, where mercury may be converted to a bioavailable toxic
form of mercury, methylmercury, and baccumulate through the food chain. Wetlands, especially
those rich in organic matter, are important sites for methylmercury production.

Exposure to high levels of mercury in humans by consuming contaminated fish mayaraage ¢b

the brain, kidneys, and a developing fetus. High mercury concentrations in birds, mammals, and fish
can result in reduced foraging efficiency, survival, and reproductive success. Other toxic air
contaminants of concern include pesticides (e.g. Piflustrial byproducts like PCBs and PFCs,

and emerging chemicals such as flame retardants for fabrics (PBDES). Some of these contaminants
are carcinogenic. There is a West Virginia statewide fish advisory that includes consumption
guidelines due to meury and polychlorinated biphenyls (PCBs) for fish caught in the New River
within the park (WVDHHR 2015). Recommended meal frequency and size is determined by fish
species and body weight, to keep the amount of chemicals consumed at a safe level. Women of
childbearing age, children, and people who regularly eat fish are particularly susceptible to
contaminants that build up over time (ElRAFA 2015; WVDHHR 2015). NERI receives a high
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level of mercury deposition at the park, relative to other areas of tired 8tates (NADAMDN

2014). The predicted concentration of methylmercury in park surface waters is low as compared to
other NPS units (USGS 2015). Overall, mercury and toxics deposition is rated as a moderate concern
at NERI, given the moderate mercurypdsition, low predicted concentration of methylmercury in

park surface waters, and West Virginia statewide fish consumption advisory for mercury and PCBs.
The degree of confidence in the condition is low because there are rgpparkc studies
examiningmercury and toxics levels in park ecosystems. Nearby, Shenandoah National Park

(SHEN) is assessing mercury levels in water, sediment, and dragonfly larvae samples via a citizen
science project (Eagl€smith et al. 2013); however, results are not yet akéel

4.3.5. Climate Change

Air pollution, and specifically the emission of greenhouse gases, is the primary cause of human
caused climate change. Air pollution also directly impacts park resources, further decreasing
resilience to the effects of climate changmdings of a recent climate change investigation for

NERI include: 1) recent climatic conditions are already shifting beyond the historical range of
variability, 2) orgoing and future climate change will likely affect all aspects of park management,
including natural and cultural resource protection as well as park operations and visitor experience,
3) effective planning and management must be grounded in comprehension of past dynamics, present
conditions, and projected future change, and 4) climategehaill manifest itself not only as

changes in average conditions, but also as changes in particular climate events (e.g. more intense
storms, floods, or drought; Monahan and Fisichelli 2014). Extreme climate events can cause
widespread and fundamentalfthin conditions of park resources including increased challenges to
attain ozone reductions, increased flooding risk, and changes in species distributions, and increased
frequency of pathogenic infections (e.g. Nemeth et al. 2017).

At NERI, Gonzalez (216) indicates that average annual temperature has increased 0.4 °C/century
(0.7 °F/century) and annual precipitation has increased 9%/century based on data fr&910950
With current highest greenhouse gas emission scenarios, projections indicateRhatady

experience 945 more days per year with temperatures > 35 °C (95 °F, Gonzalez 2016).

Sneddon and Galbraith (2015) developed a climate change vulnerability assessment for the

Appalachian landscape. Their assessment utilized the NatureSerbasaSlimate Change

Vulnerability Index (CCVI) tool and examined the vulnerability of species, terrestrial habitats, and
aquatic ecosystems to climate change. A particu
ability to disperse, its level of egpure to climate change, and its ability to adapt to climatic changes.

For the region of West Virginia, in which NERI is located, the CCVI is approximately 0.5dn a 0

scale. A score that approaches zero indicates a high probability of climate chacigeasifie

departure from current conditions (Sneddon and Galbraith 2015). The effects of climate change in

and around NERI are partially tempered by the availability of natuth dispersal corridors, a

relatively unfragmented landscape, and phenologidaptations in species of the region.

4.3.6. Data Gaps, Needs, and Management Strategies
While the majority of air pollutants are emitted from sources outside of the parks, air pollution is also
emitted directly inside parks. With respect to air pollution dimdate change, there are several
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strategies NERI can undertake: 1) continue Climate Friendly Parks Action Plan with an operational
Environment al Management System (EMS, NPS Direc
13A.http://www.nps.gov/policy/DOrders/DO3A.htm) for park enviromental leadership and

emission reduction activities (e.g., vehicle fleet and energy efficiencies), 2) identify ecosystems and
plant communities most vulnerable to climate change and air quality impacts, and devise
management strategies accordingly, 3) cedecosystem vulnerability to climate change by

mitigating air pollution stressors and increasing ecosystem resilience, 4) use interpretive and
educational tools to communicate the connections between climate change, air pollution, scenic
views, night skysensitive park resources, visitor experience, human health, and other associated
resources, and 5) work cooperatively with federal, state, tribal, local agencies, industry, and public
interest groups, to develop strategies to reduce air quality impabts jpark from sources of air
pollution. There are some opportunities through federal air quality programs (e.g. regional haze
program) for the NPS to work cooperatively with these stakeholders.

Park managers could use the CCVI tool locally (versus raffigrio assess the effects of species
conservation status on climate change adaptation. This type of assessment may facilitate conservation
planning. In particular, protecting large core habitat areas, increasing habitat connectivity, improving
local habfat conditions, and employing monitoring to adaptively manage resources will help species
and ecosystems respond to climate change.

There is an omoing need to study air pollution impacts on sensitive park ecosystems, including the
potential impact of nreury and other pollutants to lichens, bryophytes, vascular plants, and fish. For
example, NERI may wish to participate in the Eastern Fish Mercury SamiNPS/USGS

cooperative assessment of mercury in fish from eastern national parks. NERI is op@xinagtely

20 NPS units involved. These types of programs may increase the confidence in determining threats

to air quality in the park. Sometimes, park management activities can contribute to air quality

decline. For example, park managers could comgthtappropriate state and federal environmental
agencies prior to prescribed fire implementation to meet smoke management and air quality
requirements. Finally, incentives for +s$poaur k st af
training courseould be provided.

4.4. Scenic Resources*
*Modified from: Holly Salazer, NPS, Air Resources Division, 2016.

Description: (includes [if known]:current condition, reference condition, thresholds, trends,
threats/stressors)

Visitors often come to parks to take in spectacular views and marvel at the unique scenery of diverse
areas. However, the views are sometimes obscured by air pollutants or spoiled by unsightly
development. Scenery is composed of visual resources whitheavesible physical features such as
topography and landform, vegetation, water, structures, and other features that combine to create the
visual landscape. Visual resources are key to the purpose and significance of many NPS units.
Scenery is both valuddr its presentiay characteristics and as an important means of enhancing
visitor connections to cultural resources associated with historic or even prehistoric landscapes.
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At NERI, the landscape characteristics of the southern Appalachian Mountains tgtique scenic

qualities that makes it a great place to get away from the fast pace of city life and enjoy boating,
fishing, whitewater rafting, picnicking or just relaxing on the shores of the river. The importance of
scenic resources isincludediné par kds significance statements
NERI include natural forests and bluffs as well as wetland and river habitat. Though some views

have been affected by development outside the park many views from the river are inygiatisie
condition. Continued development and changes in land use could affect scenic views in the future.

The two primary components to consider in the management of visual resources are the resources
within the park boundaries and those that extend lktfmboundaries. Within park boundaries the

visual landscape can be maintained through careful NPS management. The vistas that encompass
visual resources beyond park boundaries can be more challenging, but just as important, to maintain
unimpaired scenipesources for future generations. While the park is surrounded mostly by small

towns and rural areas, future development such as residential and commercial areas could continue to
diminish the quality of views that are an important part of the visitorreequee. Other threats to

visual resources come from activities and pollutants that degrade visibility ARPS015). In

some areas, human activities that disturb vegetation and soil surfaces may trigger dust emissions that
degrade visibility and the expsine scenic views from within the park.

4.4.1. Data Gaps, Needs, and Management Strategies

Addressing visual resources through internal planning provides the NPS with information necessary

to protect a parkds sceni c rdstaparerpmtected, andimayal | ows
enhance NPS success in protecting visual resources beyond park boundaries. When development is
proposed within shared viewsheds, there are opportunities for the NPS to engage in local, regional,

and national regulatory andgpining processes. Information about existing visual resources, most

visited park view points, and the potential sensitivity of visitors to changes in the visual setting can

inform external planning and development proposals and protect park scenic vistas.

Park planning team members could consider the following items when evaluating the current status

of scenic views at the park: 1) the extent to which scenic resources at the park are adequately

evaluated or inventoried and appropriately addressed in cpadaplanning documents, 2) the
relative | evel of i mportance of the parkodés visu
gual ity of the parkés scenic views, including i
and 3) the potential fachange in scenic quality from development outside the park and the relative

extent to which the park is engaged with stakeholders, land managers, and other stakeholders to

protect scenic views.

Due to the potential for nearby land management activttiegpark could continue to participate in
opportunities to provide input on the scale and location of potential development and other human
activities through coordination with land management agencies and land owners. NERI could
consider developing a gue resource inventory from sensitive park vista points that include views
extending beyond NPS boundaries. For each of these vista points it could be beneficial to assess the
existing and desired future conditions of the visual setting and to prepaibibityianalysis that
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includes a photo documentation and a description of the view, surrounding land use (existing and
planned), the general level of visitor use, and the importance of the view to the visitor experience.

4.5. Geologic Features

Description: (includes [if known]: current condition, reference condition, thresholds, trends,
threats/stressors)

As identified by Mahan (2004) and by the parkos
geologic features at NERI are internationally and nationally sigmfidn particular, extensive (> 30

km, 18.6 mi) linear sandstone cliffs that rise 250 m (155 ft) above the gorge sustain distinct

ecological communities while supporting muttillion dollar recreational rock climbing

opportunities at NERI (NPS 2011). Qwke past six years, the cliffs at NERI have been the subject

of intensive study and monitoring (Olcott 2011, Clark 2012, Smaldone and McKenney 2013, Mahan
2016).

In NERI, there are two geologic sandstone formations exposed by the gorge: 1) the Pscahonta
Formation and 2) the New River Formation. Both formations are in the Pottsville bedrock group of
the Pennsylvanian Peridanaking this rock approximately 300 million years old (Lessing 1986).

The walls of New River gorge are dominated by the New Riven&ton. The Nuttall Sandstone is

the uppermost member of the New River Formation and its exposure dominates the northwest
portion of the gorge (Figure 9). Other lower geologic members of the New River Formation include
the Guyandot, Raleigh, and PineviBandstones which contain fine rock layers (< 1 cm, 0.4 in thick)
that lie at an angle to the main bedding layers (Olcott 2011).

Due, in part, to its geologic features, the Nuttall Sandstone is preferred by rock climbers over other
cliff -forming sandstorgepresent in NERI and contains nearly all documented climbing areas in the
gorge (Olcott 2011). For example, the lower Nuttall Sandstone forms 15 to 35 m (49.2 to 114.8 ft)
high cliffs along the gorge walls, containing more than 1500 documented climbiteg r@Icott

(2011) conducted outcrop investigations on climbed routes and demonstrated that the lower Nuttall

Sandstonebés competence, | evel of surface featur
acting on climbing desirability. The NuttalaBdstone contains weathered (erodible) rock units called
Afhuecoso by climbers. These huecos (or holl ows)

foot or hand holds by climbers. In addition, the Nuttall Sandstone at NERI contains widely spaced
vertical tectonic joints (e.g. rock fractures; Remo 1999). Over geologic time, differential erosion and
tectonic jointing lead to large blocks of lower Nuttall Sandstone failing in a predictable pattern,
creating planar cliff faces and opening joints thatvme additional climbing appeal (e.g. create

holds for feet, hands, and gear). These planar cliff faces provide a relatively fresh, unweathered
surface of rock available to climb (Olcott 2011, Mahan 2016).
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Figure 9. Location, extent, and type of sandstone cliffs within the lower New River Gorge at New River
Gorge National River (NERI), West Virginia (from Mahan, 2015).

In addition to these cliff features, NERI contains other geologic features of note including plant

fossils Mariopteris muricateandNeuropteris pochontqshat are used in aging the exposed

Pennsylvania and Mississippian coal seams in the gorge. NERI also contains geologic formations
called Arock citieso (Il ar ge tha haledbeen developedfart i n g
visitor use and interpretation (NPS 2011). The geology of the New River Gorge also influences river

fl ow regimes including the mainstem rapids and
appeal to rafters, angleemd the ecological diversity of the riparian habitat.

The geology of the gorge also shaped the settlement and industrialization of the area. In the process
of forming the gorge, the New River sliced through dwedring Carboniferous period sediments

thus creating coaseam exposure which lie between the sandstone formations (Mahan 2016). This
exposure not only alerted people to the presence of coal in the area but also permitted its relatively
easy removal and led to industrialization of the gorge anmdwuding areas (Mahan 2004, NPS

2011).
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The reference condition of the New River Gorge is difficult to determine, in part, due to the 200+
year history of industrial use within and around the gorge. However, reference conditions would
certainly include th geology and associated ecology present prior to coal extraction and recreational
rock climbing. Based upon recent work by Clark (2012) we know that unclimbed portions of the
New River Gorge contain nevascular plant communities that differ from thoseaeing at

climbed routes. In addition, most climbing areas contain associated social trails (i.e. informal trails
created by repeated human trampling), tree damage, antbpliérosion that are not found in

unclimbed and rarely visited areas in the gofdnclimbed cliffs with undisturbed vegetation may

serve as remaining indicators of gettlement, reference conditions.

Resource extracti@nincluding coal mining-influenced the geology of the New River Gorge via the
secondary effects of deforestatiand construction on local erosion, sedimentation, and mass
movements in and around the park. For example, construction of haul roads and mine sites may have
exacerbated massovement soil erosion events on steep sl@pespecially during flood events
(Mahan2004, Johnson et al. 2000). In addition, coal refuse and sipeslare still scattered

throughout the New River Gorge. These features are often unstable and associated failures contribute
to increased erosion rates within the gorge (e.g. Remo 1999)a@bamber extraction in and

around the gorge was in decline by the 1930s although surface coal mining continued in the vicinity

of New River Gorge until the late 1990s.

The baseline magsovement rate for the gorge is unknown. However, Remo (1999 tbah mass
movement events associated with pastdasel history reflect regional rates of mass movements and
do not exceed them. Remo (1999) concluded that mass movements have occurred for millennia on
the steep slopes of New River gorge and are pdneofiatural disturbance regime in the park.
However, the composition of the eroded soils and rock may contain increased contaminants due to
the landuse and mining history. For example, heavy metals, nutrients, and organic molecules
associated with miningnd human settlement are primarily transported as adsorbed contaminants on
sediment rather than in solution.

In June 2016, extreme flooding associated with storms events in and around the New River gorge
caused widespread masmovements within the gorg&€his storm event was a ih- 1000year

event with a total of 20-325.4 cm (810 inches) of rainfall recorded in a-Béur period in
surrounding counties (NOAA 2016) . FIl ooding and
Creek road, Fayette State Roddet Hel | m6s Be ac h -iracangpsitessat Grandviewt a n d
Sandbar and Glade Creek. These nmsgements events may have been exacerbated by legacy

landuse conditions that may have increased susceptibility to extreme events.

Clark (2012) conducteahventories of vascular and neascular plants at climbing areas in NERI

that differed in use intensity (low, medium, high, extreme, unclimbed) and represented a variety of
geologic conditions in the park (Figure 10). Clark (2012) compared species rieindesisundance

of plants among climbing areas and geological structures (e.g., cliff slope, height, microtopography).
In particular, lichens were especially sensitive to the effects of rock climbing with a significantly
higher species richness and abunéamt unclimbed sites than climbed sites (see Mahan 2016 for
synthesis). Specifically, growth form and reproductive method of a species plays a critical role in
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how bryophytes and lichens respond to disturbances caused by recreational rock climbing (Mahan
2016). In particular, fruticose and umbilicate lichens (e.g. Frosted Rock Thpkilficaria

americand, Rock RamalinsRamalina spp, Horny Beard LichendJsnea subscabro$avere

absent from cliff faces that experience high to extreme recreational usgdpaulations of some
lichens (e.g. Scattered Flack Lichen, Horny Beard Lichen and Frosted Rock Tripe) were only found
on cliff faces where no rock climbing had yet occurred. Most rare and specialized bryophytes and
lichens were found on cliff faces (vesscliff tops and bottoms) with high frequency of
microtopographic features (Mahan 2016). Notable cliff habitats in the park that contain the highest
concentration of rare or sensitive species are: South Nuttall, Upper Endless Wall, and Upper
Kaymoor. Thes sites are either remote (e.g., South Nuttall), less accessible (e.g. Upper Endless
Wall), or have cliff face conditions not as highly sought by rock climbers (e.g Kaymoor). In
particular, the South Nuttall botanic sites correspond to an area of higtl epercies diversity at

NERI and could be prioritized for conservation (Figure 11).
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Figure 10. Geologic landforms at New River Gorge National River (NERI). Formal and social tails and
botanic (vegetative) inventory sites established in 2010 are marked (from Mahan 2015).



RARE SPECIES DIVERSITY

New River Gorge National River
WEST VIRGINIA
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Figure 11. Areas of high species diversity at New River Gorge National River (NERI). The area around
South Nuttall in the northern portion of the park is notable from its known diversity (from GMP, NPS
2011).

In 2011, Olcott conductea study on the recreational use of cliffs at NERI. Recreational uses
included traditional climbing, sport climbing, toppe climbing, rappelling, and day hikers (Olcott
2011, Mahan 2016). Olcott (2011) identified behavior patterns of recreational wersuh
detrimentally affect natural resources at the cliffs. Detrimental behaviors observed comprised tree
anchoring, topout climbing, norofficial trail use, vegetation trampling, effail hiking, and tree
damage. A subset of cliff users were survelypg®maldone and McKenney (2013) to assess visitor
attitudes and perceptions of natural resources associated with cliffs and their management.

At NERI, toprope climbers and rappellers caused the most [obvious] damage to natural resources at
cliff sites byanchoring to trees and creating and usingoificial trails. Toprope climbers would

use trees as anchors even when fixed anchors were nearby or would use fixed anchors and trees
anchors simultaneously (Olcott 2011, Mahan 2016). Smaldone and McKe®igy f@und that cliff

use was divided equally among daikers and climbers. However, climbers spent more time at

cliffs, visited cliffs more often during the year, and felt a greater connection to, and responsibility for,
the condition of natural resoucat cliffs. Despite these attitudes, 60% of climbers felt it was
acceptable to remove vegetation from cliff faces to create climbing routes and 40% agreed it was
acceptable to secure top ropes to trees. A third of hikers surveyed felt it was acceptaalztand
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use unofficial trails at cliff locations in NERI. A majority of rock climbers and day hikers (~60%)
agreed that there should be regulations to protect the natural resources associated with cliffs. In
particular, rock climbers seemed acceptihgegulations regarding the placement of fixed anchors,
bolts, and climbing guide certification. However, enforcement of park regulations is prob&&matic
only 1% of hikers and climbers reported encountering a NPS ranger or employee while visiting the
park.

4.5.1. Data Gaps, Needs, and Management Strategies

A massmovement hazard assessment could be conducted in conjunction with events associated with
the 2016 floods. Massovement and landslide locations could be mapped into GIS and correlated
with known coal spiis and mine piles. Such a mapping exercise could be used to model other
locations in the gorge susceptible to flaoduced mass movements and to stabilize such locations.

Sediment sampling associated with mass movements could be conducted to detéwemerelous
levels of heavy metals, organics, or other pollutants are found in sediments. If found, further
systematic sampling could be conducted to find source areas and appropriate mitigation should
follow.

Mahan (2016) identified extensive researchnitwsing, and education data gaps and needs to protect
cliff resources in the face of recreation in NERI. At a minimum, continued monitoring of sensitive
lichen and bryophyte species and locations every 3 years could help resource managers evaluate
resoure trends and determine if increased regulation and enforcement is necessary at selected sites.
Recolonization rates by bryophytes and lichens of disturbed sites are unknown and experimental
studies could determine how likely an area could be restoredrifimtad. The effects of climbing

chalk and resulting pH effects on vegetation is unknown as well. Finally, as mentioned previously,
the South Nuttall cliff area harbors a high diversity of species and could be prioritized for
conservation via careful marexgent and increased park ranger patrols.

4.6. New River Mainstem and Tributaries

Description: (includes [if known]: current condition, reference condition, thresholds, trends,
threats/stressors)

NERI contains an 8&m freeflowing stretch of the New River that forms one of the longest and
deepest river gorges in the Appalachian Mountains. The New River has shaped the landscape in and
around NERI since the time of the extinct Teays River systefi388 million years ago), making it

one of the oldest rivers in the world (Mahan 2004, NPS 2011). The New River mainstem supports
outstanding biological communities as well as popular recreational activities for visitors. For
example, the stretch of rivénom Hinton to Sandstone Falls is one of the most popular fishing areas

in West Virginia and whitevater rafting on the river supports a $30 million/year industry (Mahan

2004, Versel 2006). The New River flow and flooding regimes shapsiseam fish, inertebrate,

and plant communities while also influencing riparian communities including the globedly
Appalachian flatrock and riverscour prairie vegetation types.
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The reference condition for the New River is the-g@en conditiod of which little is krown.

Currently, NERI is located between two impounded |&k#éee Bluestone Lake (upstream) and

Hawks Nest Lake (downstream). The Bluestone dam is managed by the U.S. Army Corps of
Engineers in a Arun of river o dampsflonsmtb (e. g. as
Bluestone Lake). Since its construction in the 1940s, the Bluestone dam has reduced peak flow
regimes by 50% and associated changes in river flow and flooding intervals affstresam

conditions. Research conducted by Flug (1987) atd&that prior to dam construction, mean winter
and summer flows were lower and higher, respectively within the main stem of the New River than
they are today. The Bluestone dam and associated changes in flow regime has also changed the
location and comsition of inriver gravel bars and reduced the extent of the riverscour plant
communities (Mahan 2004).

Preindustrial water quality also differed from current conditions (e.g. Webber 2012). Human
development and associated sewtagatment failures haveaused dramatic increases in fecal

coliform contamination in the main stem and tributaries of the New River. In addition, trace metals
associated with a past history of mining (e.g. antimony, cadmium, lead, mercury, and thallium) and

trace chemical elemen{e.g. arsenic, beryllium, chromium, copper, cyanide, fluoride, nickel, silver,

sulfate, and zinc) and acid mine runoff all create a water quality profile that differs from the

reference condition (Mahan 2004, Purvis et al. 2002, Table 4). A numbertabtitaries to the

New River flowing through the park, as well as the main stem of the New River have been

designated as impaired for some or all of these pollutants by the EPA (Table 4) and placed on the
EPAGs 303(d) I i st .vedteadytbeen asgessedrfoe tdtal maximenT daily |baal

( TMDL) designation and TMDLG6s have been devel op
EPA (EPA 2014). A TMDL is, fna deter mi-poatt i on of
and natural backgrowl sources, including a Margin of Safety (MOS), which may be discharged to a
water quality | imited bodyo (EPA 2014). TMDLs i
including impacts of high rainfall runoff and stream flow events onpwint souce pollution, and

impacts of low flow events on pollutant loading from point sources (EPA 2014).

Water quality sampling and benthic macroinvertebrate monitoring has been conducted along the

main stem and park tributaries of the New River from 2096 bypark managers. Currently, these

data are the subject of analysis and synthesis to provide a means of assessing data completeness and
quality. This analysis will help park resource managers develop a robust and defendable water

guality monitoring programR. J. Kinder, Jr., Natural Resource Analysis Center, Davis College of
Agriculture, Natural Resources and Design West Virginia University, Morgantown, WV, proposed
Scope of Work, 2017).
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Table 4. Designated uses and status of wadeable stream monitoring reaches at New River Gorge
National River (Tzilkowski et al. 2015).

Reach Name

Designated Use?!

Status?

Arbuckle Creek

A&W, B-2, C, I, PWS

Impaired (Benthic Macroinvertebrates, Fecal
Coliform, Iron)

Batoff Creek A&W, B-2, C, I, PWS Impaired (Metals [other than Mercury],
pH/Acidity/Caustic Conditions)
Big Branch A&W, B-1, C, |, PWS Not Assessed

Bucklick Branch

A&W, B-1, C, |, PWS

Not Assessed

Buffalo Creek

A&W, B-2, C, |, PWS, Tier 3

Supporting

Camp Branch

A&W, B-1, C, I, PWS

Not Assessed

Davis Branch A&W, B-1, C, |, PWS, Tier 3 Supporting

Dowdy Creek A&W, B-1, C, |, PWS Supporting

Ephraim Creek A&W, B-1, C, |, PWS, Tier 3 Supporting

Fall Branch A&W, B-2, C, |, PWS, Tier 3 Supporting

Fire Creek A&W, B-1, C, |, PWS Not Assessed

Glade Creek A&W, B-2, C, |, PWS Impaired (Fecal Coliform)

Keeneybds Cr g

A&W, B-2, C, I, PWS

Impaired (Fecal Coliform)

Laurel Creek

A&W, B-2, C, |, PWS, Tier 3

Supporting

Little Laurel Creek

A&W, B-1, C, I, PWS

Not Assessed

Meadow Creek

A&W, B-2, C, I, PWS Tier 3

Impaired (Fecal Coliform)

Mill Creek

A&W, B-2, C, |, PWS

Supporting

Piney Creek

A&W, B-2, C, |, PWS

Impaired (Fecal Coliform, Iron)

Richlick Branch

A&W, B-1, C, I, PWS

Not Assessed

Slater Creek

A&W, B-1, C, I, PWS, Tier 3

Supporting

UNT, Buffalo Creek Not designated Not Assessed
UNT, Laurel Creek Not designated Not Assessed
UNT, Meadow Creek Not designated Not Assessed
Wolf Creek B-2, PWS Impaired (Benthic Macroinvertebrates, Fecal

Coliform, Iron)

1 All designated uses of streams in New River Gorge NR are determined by the West Virginia
Department of Environmental Protection (W. Va. C.S.R.847-2):

Tier 3 = Outstanding Natural Resource Water
B-1 = Warm Water Fishery
B-2 = Trout Waters

A&W = Agriculture and Wildlife
C = Water Contact Recreation

| = Industrial PWS = Public Water Supply
2 Assessment status determined from http://www.epa.gov/waters/ir/index.html; August 2013

In addition to water quality monitoring conducted by park managers, the BERMiNors water
guality and benthic macroinvertebrate data at NERI as one of its vital signs. FrofB@K) 22
wadeable stream reaches were monitored (Figure 12). Ten of the stream reaches in this study had
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never been assessed by the park or the st&®/ofConsistent with park data, dissolved oxygen (DO
~11 mg/l) met or exceeded all designated use criteria set by the EPA and WV (Tzilkowski et al.
2015). However, pH readings that were below state criterion (< 6.0) were recorded on two previously
unassessd streams (Little Laurel Creek and Richlick Branch) and Dowdy Creek. Although Dowdy
Creek is not monitored by the park, WV monitoring program lists Dowdy Creek as unimpaired and
supporting all designated uses (EPA 2017).

{2V Nest

A ® Monitoring Reaches
Streams
NPS Park Boundary
State Forest Boundary
State Park Boundary

: @—Keeney Creek WMA Boundary

Arbuckle Creell fphmm Creek
TFire Creek
Buffalo Creek
LUNT to Buffalo Creek
Slater Creek
l UNT to Laurel Creek
(Highland Mtn)
®—Dowdy Creek
{aurel Cresk @—Bucklick Branch
@—Richlick Branch
l @—Little Laurel Creek
Piney Creek
T ‘ UNT to Laurel Creek @—Camp Branch
(Backus Mtn)
Batoff Creek i
Mill Creek—@ @—Davis Branch

NT to M K
GladeCreekT @—UNT to Meadow Cree

Fall Branch @

Big Branch—@ |

N
5 10 Kilometers . A
1 ]

Figure 12. Wadeable stream reaches monitored by the NPS Eastern Rivers and Mountains Network for
water quality and benthic macroinvertebrates from 2008-2013 (from Tzilkowski et al. 2015).
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Benthic macroinvertebrates collected by ERMN researches in wadeable stream reaches were used to
calculate a Multimetric Index of Biological Integrity (MIBI) for NERI. The average score based upon
data from the 22 stream reaches was 50.5/100,
condition. Macroinvertebrate communities, in some cases, maygbévedy affected by water

guality conditions in the park (Tzilkowski et al. 2015). However, this score is close to the threshold
value of 51 which ndi cat es a rThembst likely caudes di dpgradationcare fecal

coliform pollution in some tbutaries. In particular, MIBI scores were exceptionally low in Arbuckle
Creek (15.922.8) and Piney Creek (2932.8) where there is a lofgstory of fecal coliform

pollution. Both of these streams also appear on the 303 (d) impaired streams list uire\WAfetal

coliform bacteria (WV DEP 2016, Tzilkowski et al. 2015).

Mathes et al. (2007) examined the presumptive sources of fecal contamination in tributaries to the
New Riverwithin NERI. These researchers examined presumptive sources on Arbuckle Creek
Dunloup Creek, Keeney Creek, and Wolf Creek. Their research using saderalorsof

fecal/sewage pollutiorEnterococusurine,Bacteroidetesmitochondrial DNA), found that human
sources were detected in all creeks. Livestock DNA markers (dodnqugg, and chicken) also were
found in lower amounts in adlampled tributaries. These findings, coupled with the correlation of
fecal coliform levels with stream flow, indicate that overflowing sewage treatment stations, straight
pipe discharges, leakirggwer lines, faulty septic systems, and farming practices all contribute to
fecal coliform pollution in the park (Mathes et al. 2007).

Thresholds for fecal coliforms are set by the EPA in response to potential effects on human health
(e.g. Wade at al. 200and the direct effects of fecal coliform on aquatic organisms are net well
understood. However, high fecal coliform levels may alter pH levels and reduce dissolved oxygen in
surface waters (e.g. Clark and Norris 2000). Furthermore, high fecal colifeeta feom human

sources indicate pollution from sewage effli@etite primary source of estrogenic and other
pharmaceutical compounds in surface water (Ebele et al. 2016). In addition, pathogenic infections
may increase with fecal coliform levels and asdedatresses to fish may increase their

susceptibility to infection (Snieszko 1974).

4.6.1. Data Gaps, Needs, and Management Strategies

Since the Natural Resource Assessment was conducted in 2004, little additional knowledge has been
gathered regarding sedimentation and deposition rates due to changes in historic hydrologic regimes
within the main stem of the New River. Therefore, datasgamain (Mahan 2004). Baseline data

also do not exist to indicate what flow is needed to maintain aquatic and riverscour plant
communities within and along the New River. These types of data are needed before considering the
reestablishment of préam flood regimes in the park. Furthermore, since flooding events are the
primary geomorphological agent shaping the fluvial and riparian environment, these data will help
park managers understand processes that are occurring in the park in their absencegtlahnson

2000).

NERI natural resource documents (e.g. Purvis et al. 2002, Mahan 2004, Mahan and Darden 2014,
NPS 2011, Tzilkowski et al. 2015) have repeatedly stated the need to identify, map, and mitigate the
sources of untreated sewage that is entehiad\ew River tributaries and its main stem.
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Identification of these sources is important so that local communities, working in conjunction with
state and federal officials can contain and treat this sewage outfall. However, as of this writing, these
sourca have not been addres8ealthough further data collection and analysis by NERI staff
continues.

At NERI, fecal coliforms are measured in the water column. However, sediment storage of fecal

coliform bacteria can be high in freshwater systems (see Baiuangd2005). Fecal coliform and

other contaminant (e.gnetals, arsenic, e)devels in sediments could be examined in conjunction

with a sedimentation transport study to better understand the total effect of various pollutants to

aquatic organisms, ecaggms, and human health in the p&ikally, NERI may wish to explore

funding a NPS/USGS partnership to develop a program that models the effects of turbidity and water
temperature on fecal coliform density in the surface waters of theach.an appaxh could

model the 6éBacteri ALERT® program devel oped on t
Georgia (Lawrence 2012). 6éBact erEsherEfalcdiai s a mod
fecal coliform) density based upon turbidity, streamflowrabterstics, and season in real time.

These data are available online to river users so that they can make informed choices about engaging

in recreation inhe river or its tributaries

4.7. Plants

Description: (includes [if known]:current condition, refereeccondition, thresholds, trends,
threats/stressors)

4.7.1. Forest Mosaic

The mosaic of forest types that exist in and around NERI are globally significant and represent the

largest remaining area of midtitude forest in the world (Riitters et al. 2000, Andersbal. 2016).

The major forest types present in NERI include: 1) Rimrock pine (Virginia Pine, PitchHmues [

rigada)) located in a narrow strips above cliffs in the park, 2) Eastern Hemlock forests located in

ravines and on steepstbpe, shallowsoil sites in the park, 3) Oalickory forests located in xeric

sites throughout the park and, 4) Mixed Mesophytic forest located on mountain slopes, coves, and

riparian areas. These forest types support a diversity of plant and animal communities and this

feaur e, combined with t bFhistorpdbotarical stedeindicaiegthe Ne@and a |
River Gorge contains the most floristically diverse river gorge documented in the central and

southern Appalachians (Mahan 2004, Fortney et al. 1995). All fiyyfgss exist in the park but, since

the last natural resource assessment, all have experienced additional threats and declines (Mahan

2004, Mahan and Darden 2014, NPS 2011, DeMaio and Perez 2010, Perles et al. 2016). The most

recent vegetation analysis waampleted in 2007 (Vanderhorst et al. 2007) and indicated that the

i Sugari YWowBuekeye Pesculus flavpi Amer i can Basswood Foresto
abundant forest type by coverageiHlinc NERY Kdor é&s/t0¢
(7,512ha, 24 . 0 %)Hiclory fCaryaD&8 kgar Mapl e Foresto (6,001
Natural Resource Assessment for NERI (Mahan 2004), reference was made to vegetation mapping
surveys by Vanderhorst et al. (2001). However, this work was a pretyrasaessment that was

superseded by the work of Vanderhorst et al. (2007). As stated in the Vanderhorst et al. (2007):
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Work on this project was started in 1998, and a report, plots database, and GIS map products
for the northern and southern thirds of fark were released three years later (Vanderhorst
2001). Following this initial effort, standards of the U.S. Geological Survey / National Park
Service Vegetation Mapping Program were adopted for the completion of a vegetation
classification and map fdhe entire park.

Therefore, the area estimates for vegetation communities reported in Mahan (2004) may not
necessarily be directly comparable in terms of vegetation community change.

Researchers at the NPS ERMN assessed the health of forests in NERidoyingemortality,
recruitment, and nenative species abundance at monitoring plots in both xeric and mesic habitats.
Their research indicates that from 2e68T14, there was moderate tree growth, recruitment, and
mortality at xeric sites in the park (Peslet al. 2016; Figure 13). Specifically, American beech
[Fagus grandifolid, Shagbark hickoryQarya ovatd, ServiceberryAmelanchier arborel Fraser
magnolia Magnolia fraser], and Maple Acerspp.) had recruitment that exceeded mortality. Oaks,
Sasstas [Sassafras albiunBlack cherry Prunus seroting Black locust, and particularly ash are
declining (Figure 13). On mesic sites sourwo@aydendrum arboreupand maples are the only
native species that had recruitment that was greater than mortality. All other native species on these
sites had mortality that outpaced recruitrrentith the exception of eastern hemlock where

mortality equaled recruitment (Figri14).

The effects of a variety of forest stressors including mative species, herbivory by whitailed

deer, and site conditions (e.g. calcium availability) are revealed by the data. For eXaexpiels

(green and white ash) had the highest mitytedte (average = 8%/year during thgé&ar period) of

any tree species in NERI and in any of the parks within the ERMN network. This mortality is due to
infestation by the nenative emerald ash borer (EABgrilus planipennisthat was first discovered

in the park in 2009. Ash seedlings still persist in monitoring plots but will likely die as EAB
infestation continues. At NERI, ash is found in high numbers along the New River main stem
corridor and other mesic and riparian sites. Therefore, ash montalit have a disproportionate

effect in these areas of the park (DeMaio 2010). Ash species are also a component of upland mixed
mesophytic forest types including the Sugar Mapédlow BuckeyeAmerican Basswood forest type

and the Oalickory-Sugar Mapledrest type (Vanderhorst et al. 2007). The park is actively treating
ash trees with the insecticide, Emamectin benzoate, to protect them from EAB. This insecticide must
be injected into the lower trunk of the infected tree; it will move systemically thrineginee. From
20122016, park managers treated 876 ash trees in the park (L. Strickler, 2017, NPS, pers. comm.).
Treatment of ash trees is focused within rare plant community types (e.g. Army Camp; DeMaio and
Perez 2010) and culturally significant sis@NERI (e.g. Trump Lilly Farm).
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Recruitment and Mortality in Xeric Habitats in NERI

Tsuga canadensis

Tilia americana
Sassafras albidum
Robinia pseudoacacia
Quercus velutina
Quercus rubra
Quercus prinus
Quercus coccinea
Quercus alba

Prunus serotina

Pinus strobus

Pinus pungens
Oxydendrum arboreum
Nyssa sylvatica
Magnolia fraseri
Magnolia acuminata
Liriodendron tulipifera
Fraxinus sp.

Fraxinus americana
Fagus grandifolia

Carya ovata
Carya glabra

Carya alba B Recruitment
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Amelanchier arborea
Acer saccharum
Acer rubrum

0 1 2 3 4 5 6 7 8
Rate (% trees / year)

Figure 13. Tree species recruitment versus mortality in xeric forest health plots in New River Gorge
National River (NERI), 2007-2014 (data and table from Perles et al. 2016).
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Recruitment and Mortality in Mesic Habitats in NERI

Ulmus americana
Tsuga canadensis

Tilia americana
Sassafras albidum
Robinia pseudoacacia
Quercus rubra

Prunus serotina
Oxydendrum arboreum
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Figure 14. Tree species recruitment versus mortality in mesic forest health plots in New River Gorge
National River (NERI), 2007-2014 (data and table from Perles et al. 2016).

Eastern Hemlock which have been infested with the hemlock woolly adelgid (HWA) in the park
since 2004 also exhibited atevated mortality rate (4%) at NERI from 20P@14 (Perles et al.

2016). However, hemlock seedlings still occur at forest monitoring plots in NERI and recruitment
into the canopy balances mortality (Perles et al. 2016). Research conducted by Wo@D@®hgl. (
indicates that from 2002007, more than 20% of hemlock trees on mesic and xeric plots were
infested by HWA, although infestation rate in hydric plots only reached 5% during this time period.
Overall, 8% of hemlock trees monitored died over the theae period (Wood et al. 2009) but
hemlock stem density did not decline statistically. However, by 2018086 of hemlock trees
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monitored were infested by HWA and crown vigor had declined by 50% at all monitoring sites
(Strickler 2017).

Site condition gality, cold winters (e.g., Paradis et al. 2008) and the-paoksored HWA control

project (Strickler 2017) will all help determine whether hemlocks persist at NERI. HWA control
includes predatory beetle releases and insecticide application and is cateceintareas of high
ecological value and at urban interfaces for safety concerns (L. Strickler, 2017, NPS, pers. comm.).
To date, 22,956 HWA predatory beetleadicobius nigrinu$ have been released at NERI and

Gauley River National Recreation Area (k) to help control HWAFrom 20062016, 19,574

hemlocks were treated with the insecticide Imidacloprid (NERI+GARI+BLUE), with 15,177 (265

ha) in NERI alone (HWA Management Summary, pers. comm., 2016).

All Imidacloprid applications have been conducted adiog to the pesticide label and restricted to

the base of individual trees so that any impacts tetaaget organisms could be minimized and
localized. However, concern arises when dozens to a couple of hundred trees per acre are treated
within biologicdly diverse floodplains. For example, the Fern Creek (21 ha, 53 acres) and Kates
Branch (30 ha, 75 acres) hemlock conservation areas are located in biologically diverse riparian
habitat containing many rare plant and animal species and several thoustoukéé@ve received
Imidacloprid treatments. Although previous studies (Cowles 2009, Dilling et al. 2009) showed that
systemic Imidacloprid could impact ndarget canopy arthropods, it remains unknown what the

extent of the cumulative and loitgrm effecs of repeated Imidacloprid treatments on soil ecology

and macrofauna. An understanding of the effects of HWA insecticide treatments on soll
macroinvertebrates, soil chemistry, and water quality will assist managers in making resource based
decisions conceing the longterm viability of chemical treatments to protect the hemlock

ecosystem. To this end, research was initiated at NERI in 2016 to assess the risk and potential impact
of Imidacloprid on soil and aquatic macrofauna within the hemlock treatneag @Park and Wood,

West Virginia University, Effects of Imidacloprid on Soil Macrofauna within Riparian Hemlock
Forests, Scope of Work, 2016).

Oak forest types that dominate the xeric sites at NERI, appear to be declining in the park as oak
mortality ex@eds recruitment (Figures 13, 14). This decline, however, is typical for a ragielte

forest transitioning to a mixed mesophytic forest type (Fei and Steiner 2009, Perles et al. 2016). Oak
seedlings are undeepresented but the growth rate of overstoggs is about 0.20. 3 cm/year.

Reflecting conditions throughout the Appalachians, red m#ger[rubrun seedlings are

dominating the understory in the park at both xeric and mesic sites instead of oak recruits (e.g. Feli
and Steiner 2009, Perles et2016; Figures 13, 14).

It is unclear whether this oak decline is a natural effect of a cessation of industrial activities in and
around NERI or due to changes in natural disturbance regimes. Oak abundance in NERI may be
more abundant today than it wasopito the industrialization in and around the park. For example,
postsettlement activities including clearcutting, railroad and mine fires, and other elmvepy
disturbance created conditions suitable for oak. As the landscape changed, the forestiraty n

be reverting to its historic momesic forest types. However, modern day conditions of higherwhite
tailed deer populations and increased herbivory, and suppression of natural fires may also be
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contributing to the decline of oak and other monecxadapted species (including rimrock pine) in

the park and throughout the Appalachians (Abrams 2003, McShea et al. 2007). To help elucidate the
cause of oak decline, Perles and Forder (2015) and park managers have initiated a research study to
examine tle potential effects of fire suppression and deer herbivory on oak regeneration in NERI.

The mixed mesophytic forest type is dominated by a diverse group of trees and vegetation
communities including tuliptree [Liriodendron], basswood, beech [Fagus], syapid red oak.

Based on forest health data, red maple and black cherry will likely increase in abundance in the
overstory during the next 20 years. In addition, beech, serviceberry [Amelanchier], maples, and black
gum [Nyssa sylvaticghave recruitment tas that are higher than mortality. Whether this increase is

a naturallyoccurring phenomenon due to reduced human industrialization in and around the park or
due to other conditions is not welhderstood at this time.

The most serious and urgent néam ecological threat for many United States forests and urban and
suburban trees is the recurrent introduction of insects and pathogens from other continents (Liebhold
et al. 1995, Lovett et al. 2016, Moser et al. 2009). Invasive forests pests are arabledesi

consequence of international trade and travel, and while these pests are not a new phenomenon, they
inflict increasing ecological and economic damage and may be increasing at NERI (Aukema et al.
2011, 2011; Perles et al. 2016). Aside from forestspaseady established in the last decade at NERI
(gypsy moth, HWA, EAB) other potential pests include Asian Lbaged beetleAnoplophora
glabripennig, Sudden oak deatPhytophthora ramoruip Beech bark disease, Winter moth

[Operophtera brumafaandWhite pine blister rustGronartium ribicold (Lovett et al. 2016).

4.7.2. Appalachian Flatrock Vegetation and Riverscour Prairie

The Appalachian Flatrock vegetation community type is globally rare and is known from three sites

in NERI: Camp Brookside, Sandstofea | | s, and the mouth of Keeneyos
2007). This community type is found on sandstone ledges and is comprised of rare sedges (e.qg.

annual fimbry Fimbrylis annug, eastern red cedadyniperusvirginiana], and pines (e.g. Virginia

pine) that are dependent upon scouring caused by occasional flooding fterdongersistence in

the park. With the construction of the Bluestone Dam and subsequent reduction in river scour

activity, invasive species and plant species-cloawracteristic othe Flatrock community began

invading these sandstone ledges. These successional processes and nonnative species invasion
continually threaten the rare species associated with this community type (e.g. Mahan 2004).

As part of its vital sign monitoring, BN researchers focus on another rare riparian community

typed the Riverscour prairie. Riverscour prairies are found in association with certain riparian
conditions along the New River. These conditions include a rocky substrate located adjacent to river
rapds. The scouring action of the rapids maintain the Riverscour Prairies and create habitats that
support rare, native herbaceous plants: big blue séerppogon gerardjj blue wild indigo

[Baptisia australig Indian hemp Apocynum cannabinudmand swith grassPanicum virgaturh In
addition, stunted floodtressed trees suel river birch Betula nigrd, and sycamoreHlatanus
occidentali$ are found in this habitat typ&/ithout regular flooescour, the riverscour prairies,
dominated by herbaceousgetation, gradually changes into one dominated by woody vegetation.
Recent research on these river scour prairies indicate that this succession is already happening. At
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NERI, for example, 155% of the river scour prairies are now composed of woody vegetat
(Perles et al. 2016).

4.7.3. Old growth Forest

One 4 ha (9.9 acre) patch of old growth forest has been documented in NERI. The stand is comprised
of oakhickory-sugar maple forest type and is located along the mainstem of the New River upstream
from the conluence of Buffalo Run and the New River (A. Steel, NERI, pers. comm, 2016). Detailed
age data and dendrochronology could be examined from this stand.

4.7.4. Rare and Medicinal Plants

Mahan (2004) provides a complete list of all state and globatly vascularlant species

documented at NERI. Although not included in this list, medicinal plants such as bloodroot
[Sanguinaria anadensisand American ginseng may be declining throughout the Appalachians due

to overcollecting (Farrington et al. 2009). It is illddga collect medicinal plants at NERI, however,
collecting may still continue in and around the p&anerican ginseng is a perennial herb that is
harvested for the purported medicinal qualities of its root. Harvest and export of ginseng roots to
Asia hadong been a source of supplementary income for people living in the Appalachian
Mountains, but recent increases in the market value of American ginseng roots have intensified legal
(and illegal) harvest pressure. Concerns of possibleltssest led to iting of American ginseng in
Appendix Il of the Convention on International Trade in Endangered Species of Wild Fauna and
Flora (CITES). Under CITES, the U.S. Fish and Wildlife Service (USFWS), Division of Scientific
Authority (DSA) must determine whethire export of American ginseng will be detrimental to the
survival of the species, and whether wlildrvest is sustainable. American ginseng is also cultivated

in woodlands, but it iss munalteard wh ats esfgf @ st htalvii
populations. American ginseng also is susceptible to herbivory by-teiiéel deer and high deer
populations may contribute to its decline (e.g. Farrington et al. 2009).

Scientists at the USGS Leetown Science Center have been studying the aigidbation of rare

species in the midtlantic region since 2003. Young et al. (2011) reported on a study of the regional
distribution of American ginseng, bloodroot, goldenselidrastis @nadensik and black cohosh

[Actaea racemogdrom field surveys conducted in 20@005. As a guide to field investigations,
GIS-based logistic regression models of habitat suitability for the four species were completed, and
the model outputs included coverage of NERI. Suitable habitat for alsjpmaies was predicted at

NERI, but subsequent field investigations found American ginseng at only 10% of sites surveyed
during this study. Several sites surveyed also included black cohosh (7 sites) and bloodroot (5 sites).
Although not detected duringighstudy, goldenseal was noted at several locations within NERI by
Vanderhorst et al. (2007).

4.7.5. Non-native Plants

In 2010, Perez and Akerson completed an implementation plan for managing invasive exotic
vegetation at NERI. As part of the plan, they condilieteeconnaissance survey for invasive and
nonnative plants in the park. They documented 210 matve plants, 38 of which (18%) were
determined to be invasive and threats to the natural environment (Akerson et al. 2010); 13 species of
nornative, invasie plants were found to cover 5% or more in these reconnaissance plotsf-Tree
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heaven Ailanthus altissimf Princess treeéqaulownia tomentogaJapanese honeysucklehicera

japonicd, Privet [Ligustrum], Multiflora roseRosa multiflord, Japanese iffgrass Microstegium

vimineunj, Japanese knotweeBdllopia japonicd, Kudzu [Puerari}, Sericea Lespedezhdspedeza

cuneaté, Autumn olive Elaesagnus umbellaijeWineberry Rubus phoenicolasiyisGround ivy

[Glechoma hederacgaand StonecropSedunspp). These species, therefore, became primary targets

for control throughout the park. In addition, purdesestrife Lythrum salicarid, Phragmites, and

Wisteria vine were targeted for eradication at the Meadow Creek confluence, below McKendree

Road, andelow the New River Bridge, respectively. Park managers also prioritized local extirpation

of all invasive plant species within the Appalachian Flatrock vegetation community sites at Camp
Brookside, Sandstone Fall s, paNKodnatve specieswers alsGr e e k
found at all riverscour habitats monitored at NERI, with-native species dominating the riverscour

and flatrock sites at KeeneyOs -aatvespEcieawee Cr eek
found at nearly all nineites monitored in NERI: Autumn Olive, Sericea Lespedeza, Creeping Jenny
[Lysimachia nummularja Purpleloosestrife, Japanese Stiltgrass, and Multiflora Rose. Despite these
data, Perles et al. (2016) found that fewer than 5% (~3%) of forest health nmgnglaris contained
non-native vegetatiod the lowest prevalence in the ERMN.

Table 5. Proportion of cover and species richness in non-native and native plant species in riverscour
prairie sites National River Gorge National River (NERI), West Virginia, 2015 (from Perles et al. 2016).

Non-native Species Native Species
Site Proportion of ProSpoeréiigg e Proportion of Prospoeréiizg of
S Righness G Righness
Camp Brookside 0.32% 3.15% 87.07% 75.37%
Dowdy Creek 1 0.65% 1.91% 92.35% 77.07%
Dowdy Creek 2 0.10% 1.67% 84.06% 72.81%
Glade Creek 0.89% 3.22% 79.59% 72.27%
Glade Creek Island 0.89% 8.17% 67.45% 58.09%
Keeney Creek 3.44% 6.22% 76.99% 71.76%
Manns Creek 1.60% 2.92% 88.34% 80.29%
Plateau 4.64% 5.60% 77.32% 71.19%
Terry 2.87% 4.74% 88.82% 72.63%

4.7.6. Data Gaps, Needs, and Management Strategies

The location and extent of oak and dakkory forest types within NERI prior to the European
settlement and industrialization period is unknown. Therefore, the historic role of fire and other
disturbances to maintaining an oak component is also unknowettér understanding of the
ecological significance of oak decline and concurrent mesophytic forest expansion at NERI is
needed.

The associated ecological and recreational effects of ash decline in the park are unknown. DeMaio
(2010) indicates that sewaibird, mammal, and associated arthropod species may be at risk due to
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their association with ash trees for breeding or feeding. In addition, ash trees contribute to nutrient
cycling in eastern forests and, at NERI, grow in association with many reosdatieas including
campsites, parking lots, picnic areas, and raft-take (DeMaio 2010).

The amount and extent of legal and illegal harvesting of plants in NERI needs to be better
understood. For example, the harvesting/collecting rate of mosses, @mlgmedicinal plants and
the subsequent ecological effects are unknown.

Continual monitoring and removal is critical for minimizing the abundance and effects of nonnative
species (plants, insects, and other pathogens) at NERI. For example, in 2HEHRMN field crew

working in a NERI riverscour prairie foundthemorat i ve pl ant, Sweet Aut umn
[Clematis terniflord for the first time in the park. Park managers quickly responded by eliminating

the plant from this rare community type (Fesret al. 2016, Perez and Akerson 2010). Removing

invasive plants, insects, and pathogens when they first establish in an area (before they spread) is a
costeffective strategy for protecting natural areas (Perles et al. 2016, Perez and Akerson 2010).

Inl i ght of the continued visitation to the park
from recreational impacts will be a challenge. Continued vigilance and outreach to park neighbors

and user groups are equally important in preventing thedattion and spread of new invasive plant

and pest species. Minimizing trail construction will also help protect forest communities from the
dispersal of invasive exotic plants, pests, and diseases.

4.8. Fish

Description: (includes [if known]:currentcondition, reference condition, thresholds, trends,
threats/stressors)

A variety of habitat types within the New River and its tributaries support a diversity of fish. These
fish are reflective of a confined, warwater (mean summer temperater22 °C, 716 °F), medium

sized river in the midhtlantic Appalachian Mountains (see Sheldon et al. 2015). These fish represent
native and nomative species that, in part, support a rauliiion dollar sport fishing industry

(Versel 2006). A variety of past and-going research efforts at NERI provide data on the diversity,
abundance, and changing community structure of fish in the park.

The native fish in the New River drainage represent a community with a high rate of endemism. For
example, Big Mouth Chub, NeRiver Shiner Notropis scabriceds Kanawha Minnow

[Phenacobius teretullisFind-scaled Saddle (candy) Dart&theostoma osburhiBluestone Sculpin
[Cottus sp. 1], Kanawha DarteEtheostoma kanawhpeand Appalachian DartePgrcina
gymnocephalpare ememic to the New River drainage. However, of these endemic species, only the
Big Mouth Chub, a species of conservation concern, and the New River Shiner have been collected
within park boundaries/Nelsh and Wellman 2001, J. Purvis, NERI, pers. comm., 2009)

Approximately 50% of the fish species found within the park arenadive (Purvis 2009, Mahan
2004). However, most of these nnative species occur in low abundance in the park and vary in
their distribution among the mainstem and tributaries (Fauk/deber 2017). Most game fish found
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within the park are nonative and were deliberately introduced to provide recreational opportunities
for angler® complicating their management and removal. In particular, Smallmouth Bass, first
introduced in WV in thedte 1880s, supports an economicaiyportant recreational fishery (Mahan
2004, Versel 2006). The native game fish found in the park are AmericafAriggiilla rostratd,

Channel Catfishitalurus punctatul Flathead CatfishHylodictis olivari§, GreenSunfish Lepomis
cyanellu$ and Brook Trout $alvelinus fontinalis(in some park tributaries) (Mahan 2004, Stauffer
2007).

Since 1991, park resource managers have conducted theefamgnvironmental monitoring system
(LTEMS) to better understand thetpotial effects of black fly larva control (vti application) on

the fish and benthic macroinvertebrates of the New River. Currently, these data are the subject of
analysis and synthesis to provide a means of assessing data completeness and cgualisly$hs

will help park resource managers develop a robust and defendable LTEMS program (P.J.Kinder, Jr.,
Natural Resource Analysis Center, Davis College of Agriculture, Natural Resources and Design
West Virginia University, Morgantown, WV, proposed Seay Work, 2017). In an earlier analysis,
Smith and Marini (1998) concluded that there have been no detectable detrimental effects of black
fly larva control on fish biomass and community structure in the park.

In 2013, a pilot fish sampling project wagtieted by the ERMN to monitor fish populations in

streams (tributaries) to the New River within the park (Faulk and Weber 2017). These stream reaches
corresponded to those sampled for both streamside birds and benthic macroinvertebrates (Marshall et
al. 2013, Tzilkowski et al. 2015). Researchers encountered at total of 8,010 individual fish
representing 21 species and five families at sampling sites (Faulk and Weber 2017). No fish were
documented at 10 of the 34 stream reaches sampled. Fifteen of therstaehes sampled only

contained native fish while the remaining 9 reaches contained sorratioa fish. Native fish

comprised only 52% of the species encountered but represented 99% of the individuals encountered
in the streams. The most common spewgiese Blacknose Dac&hinichthys atratulus Central

Stoneroller Campostoma anomaljpand Creek Chutgemotilus atromaculat{® all of which are

native to the New River watershed. The most commonly encounterethtiva species in the

sampled streams weeRainbow Darterftheostoma caeruleynRock BassAmbloplites rupestris

and Variegated DarteEfheostoma variatup{see Faulk and Weber 2017 for complete species list).

4.8.1. Data Gaps, Needs, and Management Strategies

The fish community at NERI could bermtinually monitored to determine the abundance,

distribution, and range expansion of all nonnative fish and to understand status and trends in the
native fish community. Banning the use of live bait in the park could limit future and continued non
nativefish introductions. The effects of pharmaceutical pollution also could be examined at NERI to
determine if sewage pollution is having secondary impacts on the fish community.

4.9. Aquatic Invertebrates (mussels, crayfish)

Description: (includes [if known]:current condition, reference condition, thresholds, trends,
threats/stressors)
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Molluscs, crayfish, and other macroinvertebrates are important components of aquatic environments
at NERF}--providing ecosystem services (food, filtration, substrate) withipénk. Native mussels

are declining throughout the Appalachians and are considered species of special conservation
concern in West Virginia (Mahan 2004). Jirka and Neves (1987) identified eight species of native
mussels from the New River within NERI. Hove, a subsequent mussel survey in 2002 only
documented five species of native mussel. Mucketifonaias lieamentirjanever has been

collected upstream of Roundbottom Creek (Pennington and Associates 2002). Pistolgrip mussel
[Tritogonia verrucospand paketbook mussellampsilis cardiurhhave declined dramatically in

the park or have been extirpated. Because mussels are dependent upon, and help maintain, good
water quality, water pollution threatens mussel communities within the New River. In addition, s
loads associated with dam discharges, sedimentation, and competition frorativermolluscs (e.g.
Asian clam Corbicula flumined) also threaten remaining mussel populations in the park (Mahan
2004).

There are three native species of crayfish witi#RI. Appalachian brook crayfisiCambarus
bartonii], rock crayfish . carinirostrig, and Teays River crayfisiC| sciotnensishave all been
documented in the park (Purves et al. 2002). The New River cragfistihfsmodactyljsnay be
found within NER but has not yet been documented. In addition, one individual of the Upland
Burrowing Crayfish €. dubiu$ was documented at Grandview (A. Weber, NPS, ERMN, personal
communication, 2017). All species of native crayfish are declining dramatically in {hedafhian
Mountains. The primary threat to their persistence is competition frormadre crayfish from the
genusOrconectegTaylor et al. 2011). These narative crayfish are introduced to the watersheds by
anglers as discarded or escaped bait (Pwtvak 2002). Toda@rconectegrayfish (particularly©.
virlis) comprises over 90% of crayfish collected in the New River between Bluestone Dam and
Sandstone Falls.

4.9.1. Data Gaps, Needs, and Management Strategies

To limit the continued introduction and rangxpansion of nenative crayfish and molluscs to

NERI, programs aimed at educating the public about the dangers of moving crayfish from one water
body to another are needed (e.g. Lieb et al. 2011). The establishment of signs along streams,
particularly hose subject to heavy recreational activity (e.g. fishing pressure), warning the public not

to release crayfish into the water would also be beneficial. Banning the use of live bait in the park

could limit future and continued nemative crayfish introdu@nsd including the highly invasive

rusty crayfish Qrconectes rusticsUrbanization and resulting habitat alterations and influx of toxic
chemicals and sedi ment also represent a signifi
crayfish and rassel populations). Therefore, management strategies that improve water quality
woul d al so benefit these resources. Finally, in
programs (ERMN, LTEMS) would help better manage these resources.

4.10. Amphibians

Description: (includes [if known]:current condition, reference condition, thresholds, trends,
threats/stressors)
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At NERI, forests, abandoned mine systems, and river/stream reaches provide habitat for a diverse,
globally-significant assemblage afmphibians (37 species) that includes the diverse assemblage of
salamanders endemic to the Appalachian Mountains (Mahan 2004). Of these 37 species, 4 are
considered vulnerable (S3): Green salamanileieles aenelisBlack-bellied salamander, Cave
salamandr [Eurycea lucifugd and Northern red salamand@sgudotriton ruber rubgr An

additional two species are considered imperiled (S2): Jefferson salamamibgsfoma
jeffersonianurhand Cumberland Plateau salamandethodon kentuckiand one speciglidland

mud salamandePgeudotriton montanus diastictus considered critically imperiled (S1). In WV

and NERI, stream salamanders are susceptible to harvest by bait collectors, poor water quality and
emerging infectious diseases (Mahan 2004, Miltexl€2011).

In the past decade, the devastating effecBatfachochytriundendrobatidigBd)d an invasive

fungal pathogen that causes the fatal infectious disease, Chytridiomycosis has become the basis of
world-wide study (Skerratt et al. 2007). In 20@7species of salamanders and 2 frog species were
sampled for the presencel®d at NERI (Paul2014) Five of the 11 species sampled Bittested

positive although prevalence in the populations was low (Figure 15). For example, only 23 of the 144
individuals (16%) tested were positive #d. Prevalence was highest in therthern dusky
salamandefDeFu,Desmognathus fuscu&6.1% of sample) followed by thdackbellied

salamandef25% of sample; Figure 15). These rates were lower than overall prevalence rates in
Connecticut (Richardsirdlicka et al. 2013) but reflective of @hstudies conducted in WV (e.g.

Grant et al. 2008). The prevalence ratBdfait NERI may also be reflective of the availability of
headwater stream habitat which tends to have a low prevalence of Chytrid fungus (e.g. Hossack et al.
2010). None of the teePlethodonsalamanders sampled were positiveBdd which mimics

findings by Muletz et al. (2014) who stated Beis an unlikely cause fdPlethodonsalamander

declines. The presenceBdfl and its physiological effects in blatlellied salamanders atBRlI

should be carefully monitored. More than any other salamander species in the parkebiadk
salamanders are collected by anglers for use as badypotentially could be an additive stressor

on this population (see Mahan 2004).

At NERI, ranaviruses also potentially threaten amphibian and reptile populations. The USGS
National Wildlife Health Center has isolated amphibian ranaviruses from 16 species of frogs, one
species of toad and six species of salamanders. Mortality events due toussasayccur most
commonly in the following groups: mole salamandémbystomapp.), true frogsRanaspp.) and
chorus frogsPseudacrispp.). Infrequent isolates have been obtained from adult newts
[Notophthalmus viridescehand adult tree frogdHyla spp.). Ranavirus infections in turtles occur
mostly in captive colonies of eastern box turtfésrfapene carolinaarolina] but dieoffs of free
ranging box turtles also have been observed. Because box turtles in the wild usually are solitary
animals, ithas been difficult to document éodfs of multiple box turtles from an area (USGS 2017).

4.10.1. Data Gaps, Needs, and Management Strategies

Although the park has sampled 8d, ranavirus inventories could also be conducted in the park. In
addition, the effectf bait collecting on salamander populations is not-stitlied. Management
strategies to improve water quality could also benefit stream salamanders at NERI. Prohibiting the
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use of I|ive bait in the park mbeliedsalamandes.r ot ect
Finally, disinfection of field research equipment should be followed (e.g. Northeast Partners for
Amphibian and Reptile Conservation 2017) to minimize the risk of spread of Chytridiomycosis and
ranavirus.
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Figure 15. Salamander species sampled for Batracheochytrium dendrobatidis and resulting positive or
negative findings in New River Gorge National River (NERI), 2007. Species: Dusky salamander (DeFu,
Desmognathus fuscus), Seal salamander (DeMo, Desmognathus monticola), Allegheny Mountain dusky
salamander (DeOc, Desmognathus ochrophaeus), Blackbelly salamander (DeQu, Desmognathus
gquadramaculatus), Southern two-lined salamander (EuCi, Eurycea cirrigera), Long-tailed salamander
(EuLo, Eurycea l. longicauda), Northern spring salamander (GyPo, Gyrinophilus p. porphyriticus),
American bullfrog (LiCa, Lithobates catesbeianus), Northern green frog (LiCIMe, Lithobates clamitans
melanota), Northern slimy salamander (PIGI, Plethodon glutinosus), Midland mud salamander (PsMoDi,
Pseudotriton montanus diastictus).

4.11. Birds

Description: (includes [if known]: current condition, reference condition, thresholds, trends,
threats/stressors)

To date, 233 species of birds have been documented in the-@arbf which breed at NERI

(NPSpecies 2017). Furthermord®s of all bird species known to occur in WV and 42% of bird
species of special concern in WV are found in NERI (see Mahan 2004). In particular, the mosaic of
forested habitats at NERI support globally significant populations of neotropical méyrants

especily the wood warblers (Mahan 2004). These intefaestdependent birds are the dominant
breeding bird community at NERI (Mahan and Darden 2014). For example, the forests of NERI help
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form the core of the breeding range of the Cerulean war@epecie of concern in the United
States and a primary indicator of Appalachian forest condition (Appalachian Mountains Joint
Venture 2016). Populations of Louisiana Waterth@usimother warbler species-breed along the
streams of NERI and populations of blatbkoated green warblerS¢tophaga vireggersist in the
remaining hemlock ravines (Wood et al. 2009).

In the past decade, research on the breeding bird communities have provided valuable information
for park managers. These research and monitoring stumikeide: point count breeding bird routes
within the park (Daughtery 2016), the Monitoring Avian Productivity and Survivorship (MAPS)
station at Sandstone falls (Varner and Biasiolli 2008), Streamside Bird Monitoring by the Eastern
Rivers and Mountains &work (Marshall et al. 2013), and Bird Community monitoring at hemlock
stands throughout the park (Wood et al. 2009).

At NERI, point count surveys (PCS) for monitoring breeding populations of forest birds have been
conducted since 1977. However, since7,989rd PCS have been standardized and now include 5
permanent annual monitoring routes in the park (Daughtery 2016). Higlgyspecies of resident

and migratory birds were recorded during summer site visits along the five PCS routes. Of these
species, 3 are considered residents and 56 are considered migratory. Data from PCS provides park
managers information about bird species of concern that are declining in the Appalachian Mountains.
In particular, abundance of Cerulean Warbler, Wood Thrdgtofichla musteling Worm-eating

Warbler Helmitheros vermivoruinKentucky Warbler Geothlypis formogaand Canada Warbler
[Cardellina canadens]sare examined within point count survey data due to their widespread decline
(Daughtery 2016). PCS data indicateattCerulean Warblers are declining in the park, although

there is no statisticaligignificant trend in overall bird species richness at NERI since 1997.

Varner and Biasiolli (2008) summarized-§@ars of breeding bird data collected from the MAPS
reseach site at Sandstone Falls. Thirty species of breeding birds were captured and trends in their
abundance (capture per rargt hour) analyzed. General trends at this MAPS station reflect declines
in earlysuccessional bird species with a simultaneous &serén forest species. For example, five
early-successional species (Whiged Vireo Vireo griseuy American Goldfinch $pinus tristi§

Yellow Warbler Betophaga petecHiaGray Catbird Pumetella carolinensjsand Yellowbreasted

Chat [cteria vireng declined significantly over the twelwgear period. Concurrently, five forest
species (Wood Thrush, Eastern Towhemilo erythrophthalmuls Worm-eating Warbler, Louisiana
Waterthrush, and Blae&kndWhite Warbler Mniotilta varia]) increased significatyt in the same

time period (Varner and Biasiolli 2008). Researchers believe that these trends reflect local changes in
the vegetation community at the MAPS station which has undergone succession from
pasture/shrubland to a young forest with increasingcattructure (Varner and Biasiolli 2008).
Observed local increases in Wood Thrush, Louisiana Waterthrush, and &dtng Warbler are
promising for the conservation of these species which are included in the USFWS hadfiligrs
watchlist. Other speées included on this watchlist also were captured at this MAPS station. For
example, Kentucky Warbler, Acadian Flycatchempidonax virescehsScarlet TanageiFiranga
olivaced, Black-andWhite Warbler, Field Sparrowspizella pusill§ Yellow-breastedChat, Eastern
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Townhee, Indigo buntingPasserina cyandaand Willow Flycatchef Empidonax traillij were
captured at least 6 times during the past 12 years.

Streamside birds were sel ectérremonitoring inthednatiat al si gn
parks of the ERMN (Marshall et al. 2013). Birds have been monitored using this protocol at NERI

since 2007. Birds are monitored using PCS along stream reaches that vary in length frorfo 250

km. In NERI, 25 reaches in forested watersheds were meditgsing this protocol and 83 species of

birds were detected (Marshall et al. 2013). Louisiana Watertljtashia) were used as a rough

indicator of streamside conditdnwh er e fAheal t hyo streams shoul d ha
km (after Mulvihill et al. 2008). Approximately 50% of sites monitored supported at least 2

territories ofLoWa. However, the relationship between LoVead water quality and stream

condition remains unclear. For example, Meadow Creek, Wolf Creek, Arbuckle Creek, Batoff Creek,

and Keeneybds Creek are all i mpaired obuo®at o feca
territories (Tzilkowski et al. 2015, Marshall et al. 2013). A Bird Community Index of biotic integrity

(BClI, O6Connel |l et al .condmurities)detectedsin NERISteanssigep | 1 e d t
counts. The mean BCI score (62) from these coun

for breeding bird8 second only to Bluestone National Scenic River (BLUE) within all ERMN
parks.

Research on tregealth and breeding bird communities at five hemlock stands infested with HWA
has been conducted at NERI from 19988 (Wood et al. 2009). Both hemlock trees and hemlock
associated breeding birds declined during this time period. For example, bothrNelgdetcher and
Black-throated Green WarbleDendroica virenkdeclined in abundance at monitored stands during
this 10year period (Wood et al. 2009). These data reflect an overall declining trend in species
richness and abundance of forest interiodivoth within hemlock stands and regionally within the
Appalachian Mountains (Wood et al. 2009).

Cerulean Warbler, a species of neotropical migrant that is in decline throughout the Appalachians
and a candidate for federal listing, appears to have a&ntmted distribution in and around NERI
(Rosenberg et al. 2000, Wood et al. 2013). Therefore, this population may be a critical source
population for the central Appalachian Mountains (Rosenberg et al. 2000). Within the park, Cerulean
Warblers primarily ocur in white oaldominated forest stands on the upper, steep slopes of
mountain ridges (Wood et al. 2013). Cerulean warblers appear to prefer forest stands that contain
large (> 16 in dbh) diameter trees and small forest gaps in the canopy. Theseafusgxtrgnit

sunlight to reach the forest floor and promote understory vegetation that provides foraging cover for
nesting females and fledglings (Wood et al. 2013). Other neotropical migrants-theguzan this

forest condition at NERI include Americare&start Setophaga ruticilll Blue-grey Gnatcatcher
[Polioptila caeruled, Eastern Towhee, Hooded Warbl&efophaga citring Indigo Bunting, and
Kentucky Warbler (which also is a species of USFWS Management Concern; Wood et al. 2013).

The forested landscape at NERI is affected, in part, by the history of industrial development. In
particular the effects of mine lands on soil condition and subsequent reforestation may affect bird
communities in the park. For example, Wood et al. (2068)Weakland and Wood (2005) found

that Cerulean Warbler abundance and territory density declined with forest fragmentation that
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occurred in ridggop mine locations and within clearcuts themselves. Mizel (2011) found that re
claimed forests associated witbmpacted bench minelands within NERI contained a distinctive
vegetation structure and forest bird community. Forests in these compacted bench minelands were
dominated by mixed mesophytic forest tree species (e.g. Yellow Poplar, Red Maple, and Aspen
[Popuus grandidentath had a lower canopy height than other forests of the same age, lower foliage
density, and higher canopy vine density than unmined forest sites. These vegetation changes resulted
in a forest bird community that was dominated by Americads®art, Roséreasted Grosbeak

[Pheucticus ludovicianisand Wormeating Warbler. Forests of the same age that occurred on

unmined sites supported a distinct bird community characterized byhBaded Vireos and

Ovenbirds (Mizel 2011).

4.11.1. Data Gaps, Needs, and Management Strategies

Compared to other terrestrial vertebrates, the birds of NERI are relativelgtudikd. However,

Mahan and Darden (2014) recommended continued study of the trend in neotropical warblers in the
park. A better understanding ¢fet breeding population, abundance, and productivity of wood

warblers with a focus on Cerulean Warblers could help determine the contextual importance of NERI
to this community of native birds. In addition, mining and resulting forest fragmentation atat habi
disturbance around NERI may have persistent negative effects on particular assemblages of wood
warbler® including Cerulean Warblers (Wood et al. 2005).

4.12. Bats

Description: (includes [if known]: current condition, reference condition, thresholds, trends
threats/stressors)

There are 10 species of bats known to occur in NERI (Wood et al. 2002, Gates and Johnson 2006,
Castlebury et al. 2007, Varner, 2007, 2008, Figure 16). Of these species, -hlibmwating species
(n=7) are threatened by whitemsesyndromeWhite-nose syndrome (WNS) is a fatal disease in

bats caused by the fungBseudogymnoascus destructafise disease was first discovered in New
York in the winter of 2006. Since then, it has spread to more than half of the United States, killing
millions of bat® up to 99% of some bat colonies (Foley et al. 2016 effects of whitenosed
syndrome, which was first recorded in the park in 2011, are dramatically evident in thrappmg

data collected at mine portals in NERI (Table 6). In 2@0®tal of 2,346 individual bats

representing 9 species were captured (Figure 17). Ten years later, 138 individual bats of 6 species
were captured in the park.

The decline was most pronouncedvgotisspecies and the Fdolored bat (all of which hibaate in

the park; Figure 16). Research hypothesizes that the disease is selecting for individuals that choose
colder locations for hibernation (temperatures belowC@fe less ideal for fungal growth) or for

those who have a natural resistance to thgdlimfection (Reynolds and Barton 2014, Lilley et al.
2016). Recent data analysis confirms a statistically significant decline in abundance of little brown
bat [Myotis lucifugu$ Northern longeared bat§l. septentrionali Eastern smalfooted bat M.

leibii], and tricolored batPerimyotis subfavgsrom 20052016 with a significant decline in

weights of captured tgolored bats during this period (Paul 2014). Since 2014, 29 abandoned mine
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portals used as hibernacula by bats have been gated ta gudigsrranean bat species susceptible to
WNS.

4.12.1. Data Gaps, Needs, and Management Strategies

Any bats that still survive in the park may represent individuals that have physiological and/or
behavioral resistance to WNS. It is, therefore, important to protect these individuals from mortality
and disturbances at all known roosting and hibernaticatilons within the park. At NERI,

abandoned mines represent important hibernacula and protection from altimetelisturbances
could beneficially continue.
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Figure 16. Total captures of Virginia big-eared bat (CoTo Corynorhinus townsendii virginianus), Big
brown bat (EpFu, Eptesicus fuscus), Eastern red bat (LaBo, Lasiurus borealis), Hoary bat (LaCi, Lasiurus
cinereus), Little brown bat (MyLe, Myotis lucifugus), Northern long-eared bat (MySe, Myotis
septentrionalis), Indiana bat (MySo, Myotis sodalis), Unidentified myotis (MySp, Myotis sp.), Eastern
pipestrelle (PiSu, Perimyotis subflavus), 2005-2016, New River Gorge National River (NERI), West
Virginia.
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Table 6. Total bat captures by mine portal site, New River Gorge National River (NERI), West Virginia, 2005-2016.

Mine Portal Sites 2005 2006 2007 2009 2010 2011 2012 2013 2014 2015 2016 Grand Total
Ames C n/a 142 n/a 93 n/a n/a n/a n/a n/a n/a n/a 235
Ames E n/a 71 n/a 9 n/a n/a n/a n/a n/a n/a n/a 80
Ames G n/a 98 41 n/a 33 n/a n/a n/a 4 n/a n/a 176
Beury A n/a n/a n/a n/a n/a n/a n/a 26 74 62 106 272
Brooklyn A 286 n/a 16 n/a 34 35 13 13 9 1 n/a 407
Brooklyn B n/a n/a n/a n/a n/a 8 n/a n/a n/a n/a n/a 8
Buffalo Creek South A n/a n/a n/a n/a n/a n/a n/a n/a 3 n/a n/a 3
Cunard South n/a n/a n/a n/a n/a n/a 1 n/a n/a n/a n/a 1
Dunloup North A n/a n/a n/a n/a n/a n/a n/a 3 n/a n/a n/a 3
Dunloup North B n/a n/a n/a n/a n/a n/a n/a 1 n/a n/a n/a 1
Fayette Station C n/a 30 n/a n/a n/a n/a n/a n/a n/a n/a n/a 30
Fayette Station F n/a 25 n/a n/a n/a n/a n/a n/a n/a n/a n/a 25
Fire Creek #2 D 213 n/a 272 n/a 44 7 2 1 n/a n/a n/a 539
Fire Creek #2 E 172 n/a 75 n/a a7 21 1 3 1 n/a n/a 320
Fire Creek East A 45 n/a 3 n/a n/a n/a n/a n/a n/a n/a n/a 48
Fire Creek East B 10 n/a 4 n/a n/a n/a n/a n/a n/a n/a n/a 14
Fire Creek East C 18 n/a 9 n/a n/a n/a n/a n/a n/a n/a n/a 27
Gaymont C n/a n/a 7 n/a n/a n/a n/a n/a n/a n/a n/a

Gaymont D n/a n/a 5 n/a n/a n/a n/a n/a n/a n/a n/a

Gaymont E n/a n/a 75 n/a n/a n/a n/a n/a n/a n/a n/a 75
Grandview Bat Condo n/a n/a 20 n/a 34 n/a n/a n/a n/a n/a n/a 54
Hawk's Nest 1 n/a n/a 2 n/a n/a n/a n/a n/a n/a n/a n/a 2
Hawk's Nest 2 n/a n/a 10 n/a n/a n/a n/a n/a n/a n/a n/a 10
Hawk's Nest 3 n/a n/a 11 n/a n/a n/a n/a n/a n/a n/a n/a 11
Kaymoor D n/a n/a n/a 2 n/a n/a n/a n/a n/a n/a n/a 2
Kaymoor H n/a 71 33 n/a 13 1 n/a n/a n/a 123
Kaymoor L n/a 92 18 n/a 17 6 1 n/a n/a 143
Kaymoor M n/a 152 19 n/a 11 n/a n/a n/a n/a 194

63




Table 6 (continued). Total bat captures by mine portal site, New River Gorge National River (NERI), West Virginia, 2005-2016.

Mine Portal Sites 2005 2006 2007 2009 2010 2011 2012 2013 2014 2015 2016 Grand Total
Kaymoor Tunnel n/a n/a n/a n/a n/a n/a n/a 2 n/a n/a n/a 2
Lower Arbuckle E 2 n/a n/a n/a n/a n/a n/a n/a n/a n/a 2
Lower Rush Run F 91 n/a n/a n/a n/a n/a n/a n/a n/a 6 n/a 97
Lower Rush Run G 35 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 35
Mill Creek 4 n/a n/a 1 n/a n/a n/a n/a n/a n/a n/a n/a 1
Mill Creek 5 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 1
Mill Creek 6 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 2
Mill Creek 7 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 1
Nuttallburg B 254 n/a 164 n/a 69 n/a n/a n/a n/a 28 2 517
Nuttallburg South D 268 n/a n/a n/a n/a n/a n/a n/a n/a 5 n/a 273
Red Ash B 13 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 13
Red Ash E 62 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 62
Rush Run B 15 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 15
Stone CIiff A 131 n/a 114 6 n/a n/a n/a n/a n/a n/a n/a 251
Stone Cliff B 24 n/a 45 2 n/a n/a n/a n/a n/a n/a n/a 71
Stone ClIiff C 481 n/a 699 78 n/a 24 23 17 20 13 20 1375
Stone Cliff E n/a n/a 173 n/a n/a n/a n/a n/a n/a 1 n/a 174
Stone CIiff F n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
West Nuttall B 56 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 56
West Nuttall G 71 n/a 30 n/a n/a n/a n/a n/a n/a 21 10 132
West Nuttall M 101 n/a 19 n/a n/a n/a n/a n/a n/a n/a n/a 120
Whitney A n/a n/a n/a n/a n/a 2 n/a n/a n/a n/a n/a 2
Whitney B n/a n/a n/a n/a n/a 10 n/a n/a n/a n/a n/a 10
Grand Total 2346 683 1818 260 261 152 47 73 112 137 138 6027
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Figure 17. Total bat captures of all species New River Gorge National River (NERI), West Virginia, 2005-
2016.

4.13. Allegheny Woodrat

Description: (includes [if known]: current condition, reference condition, thresholds, trends,
threats/stressors)

Since the late 1970s,dAllegheny woodrat, an Appalachian endemic species, has been declining

t hroughout the speci es 6rherAbeghgryy wdodtat i & habitat spdcialistr i g h t
that inhabits rocky habitat (e.g. talus slopes) within in a forest dominated .ndteixocky habitat

provides nesting sites and protection from predageseral possible causes of woodrat decline have
been proposed and include: habitat loss and forest fragmentation, infection of roundworms
[Baylisascaris procyonjdransmitted by ramoons, and loss of American chestrbagtanea dentaja

and resulting mast declines (Balcom and Yahner 1996, Smyser et al. 2012). Mahan (2004) identified
the population of Allegheny woodrat as nationally significant at NERI due to its relatively robust
population abundance in the park. At that time, the population in the park appeared to be stable and
represented the core population for the species in the eastern United States (Wood 2001). Due to their
conservation status and national importance, woodgailpbons have been monitored via live

trapping at 33 sites in NERI since 1999. All hitrapping sites contain known or historic populations

of woodrats or contain habitat that is suitable for this species. Woodrats have consistently been
captured at fousites (Ames Mine, Elverton, Kaymoor, and Underwood) and seem to be persisting at
these locations (Figure 18).
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In 2012, the South Nuttall site was first surveyed for woodrats and fewer than 5 individuals were
captured at all sites (Figure 18). Yearly adnlities in capture rates at individual locations are
expected due to the distributional pattern of small, isolated woodrat populations that represent
subpopulations within a larger metapopulation (Peles and Wright 2008). Despite these expected
populationvariations, the overall abundance of woodrats in the park is declining at the park with
numbers of unique woodrat captures and captures per mile of sampling declining fre@012%

all but one sampling site (Underwood).

4.13.1. Data Gaps, Needs, and Management Strategies

Better and more specific management guidelines resulting in the protection of Allegheny woodrat
habitats are needed throughout the speciesd ran
maintaining dispersal corridors among isolatedupations. Therefore, minimizing forest

fragmentation and maintaining habitat connectivity among rocky habitats is critical. All areas that

contain woodrats could be protected from excessive human &raficareful placement of new

trails and rerouting d existing trails in the park may be necessary.
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Figure 18. Total captures of Allegheny woodrats (Neotoma magister), New River Gorge National River
(NERI), West Virginia, 1996-2013.
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4.14. Game (Hunted) Species

Description: (includes [if known]:current condition, reference condition, thresholds, trends,
threats/stressors)

Hooper et al. (2006) identified 50 species of mammals and birds that are, or may be, hunted at NERI.
However, their research indicates that only five game species {taléddeer, black bear, wild

turkey, bobcat, and gray squirrel) were hunted with enough intensity to provide adequate data to
demonstrate potential population impacts (Hooper at al. 2006). In fact, Hooper et al. (2006) found
that even with legal, regulated hing, whitetailed deer Qdocoileus virginianug black beaf Ursus
americanug and wild turkey Meleagris gallopavpexpanded in abundance both statewide and

locally in the vicinity of NERI. These researchers determined that hunting provides a valuable

wildlife management tool to control the noative wild boar $us scrofppopulation in West

Virginia and to maintain whitéailed deer populations in balance with forest regeneration (Hooper at
al. 2006).

An emerging infectious disease threatens wtatied deer populations in North America. Chronic
Wasting Disease (CWD) is a neurological disease found in deer ar@eglluf canadendif

North America. The disease belongs to a family of diseases knowns as transmissible spongiform
encephalopathies (TSB) prion diseases. The disease causes breakdown of brain tissue and is
always fatal. Since the last Natural Resource Assessment for NERI (Mahan 2004), CWD has been
documented in eastern WV since 2005 and now has spread to Virginia (2010), MD (2011), and
Pennsylvania (2012). The only demonstrated method to reduce prevalence and spread of CWD is
through extreme culling operations such as those carried out in lllinois since 2003 (Wasserberg et al.
2008, Manjerovic et al. 2014). CWD can be transmitted throlggdburine, and saliva of infected

deer and the diseasausing prions can adhere to, and accumulate in, soils (Almberg et al. 2011).
CWD has been detected in both Hampshire and Hardy countied, abdut 200 miles northeast of
NERI.

The rate of harvest ®uffed GrouseBonasa umbelljsNorthern Bobwhite Colinus virginianug
American Woodcock$colopax mindy and waterfowl is not wellinderstood within NERI.

However, populations of these game birds are closely monitored regionally and nationallysand th
data indicate annual fluctuations in abundance that must be examined prior to setting bag limits.
Ruffed grouse, Northern bobwhite, and American woodcock continue to decline in the Appalachians
and habitat quality management for these species may lie#h way to compensate for any additive
hunter mortality (e.g. Devers et al. 2007, Cox et al. 2004). American Woodcock is also a priority
species for protection by the Appalachian Mountains Joint Venture (2016) and habitat restoration
through active for&t management of early successional forest patches is a critical goal of this
conservation effort. Finally, emerging research indicates that Ruffed Grouse are susceptible to West
Nile virus and this pathogen mathrougheuttbeovhdt r i but i n
Atlantic (Nemeth et al. 2017).

Hooper et al. (2006) identified potential secondary negative effects of hunting within NERI on other
recreational users of the park. For example, recreationists who perceive that they are in danger from
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hurters may choose not to engage in outdoor recreation in a particular area or during a particular
hunting season.

4.14.1. Data Gaps, Needs, and Management Strategies

The park can work with the WV DNR to test a proportion of deer harvested or killedkftieal) in

and around NER for CWD. In addition, signage that educates park visitors and hunters about the
threat of CWD is needédespecially to limit the movement of harvested deer. Most importantly, the
park could continue to permit and encourage harvesting oéwdiied deer to keep the population

size in balance with local ecological conditions and reduce the spread of emerging infectious disease.

4.15. Landscape Development: Surrounding Land Use and Land Use Trends

Description: (includes [if known]: current conditig reference condition, thresholds, trends,
threats/stressors)

Landscape development near park boundaries can affect within park resources through flows of
materials (water and air pollution, noise) through parks along drainage networks, or by increasing
interactions and invasions through increased edge environments (Monahan and Gross 2012, Hansen
et al. 2011, Hansen and DeFries 2007). Many national parks are becoming forested habitat islands in
a surrounding developed landscape matrix, or are at incraa&sirfgpm extractive land uses such as

oil and gas development or coal mining near, and sometimes this development is occurring in the
park itself (Hansen et al. 2011, Davis and Hansen 2011, Lund 2017). Additionakkigtiag or

newly developed roadsan fragment interior forest environments, reducing the sizes of core forests
necessary for many bird and animal species, and increasing the amount of edge habitats (Heilmann et
al. 2002, Trombulak and Frissell 2000). Assessment of these larger scaltsiarpamportant for
understanding the context of natural resource conditions in national parks, especiallyfoctged

parks since flows of materials generally occur in a downstream direction into the park environment
(Monahan and Gross 2012, Lawreret al. 2011).

The National Park Serviceds NPScape program was
landscape dynamics of National Park units using standardized operating procedures (SOP) built on
landscape ecology principles (Monahan et al. 200/2) employed the NPScape SOPs as well as

other GlSbased analysis to assess the landscape conditions and land cover changes in areas around
NERI.

The National Land Cover Database (NLCD) is a nationally consistent land cover mapping product
created by a mtitagency consortium (MulResolution Land Characteristics consortium,
http:///mww.mrlc.gov). Land cover is mapped into standardized land cover classes at a moderate
spatial resolution (3@neter, 98.4 ft pixels) at roughly five year intervals since 2@03. 001, 2006,

2011). Although the spatial resolution and classification system are too coarse for within park
vegetation assessments, the national extent and consistency are ideal for regional scale analysis.
Additionally, the temporal resolution allovicgr assessment of change between major land cover
categories and time periods. We used land cover data from 2001 and 2011 to represent changes since
the last Natural Resource Assessment in 2004 (Mahan 2004). While more current land cover data
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would have ben preferable, the 2016 time perdCD is neither complete nor available for
download.

We summarized land cover data using the 2011 NLCD (Homer et al. 2015) for both assessing the
landscape setting of the park, for landscape fragmentation and coitpectalysis (see below), and
to assess changes in land cover in theygar period between 202D11. The NLCD includes a land

cover change product that maps | and cover chang
and At oo | an dassesbetevgen time gerioss. We used theNPScape land cover change
SOP (NPS 2013) to assess and summarize | and cov

(AOA) or buffer zone around the park. For consideration of this and other landscape dynamics
metrics we primarily assessed the landscape conditions in a 30 km (18.6 mi) AOA surrounding the
NERI park boundary, but we also contrasted this regional landscape with a more local 3 km (1.9 mi)
AOA and/or conditions within the park boundary itself.

While the NLCD tracks changes in land cover, it does not track changes in land use. For some land
uses the transition in cover and of itself may be sufficient to infer change in land use (e.g. forest to
agriculture), but for other transitions information on laisé may be lacking. For instance, an area

may have transitioned from forested to barren land cover, but the nature of the transition may not be
well explained. Of particular interest in the surrounding landscape of NERI are land use changes
associated wit energy production, including oil and gas development and coal mining. In addition to
the NLCD, we assess data for oil and gas, as well as coal permitting from permit databases
maintained by the WV DEP (WV DEP 2017) within the 30 km AOA surrounding the pa

Developed lands surrounding NERI influence the area of impervious cover potentially affecting

water resources of the park. Impervious surfaces are known to impact water quality and aquatic
communities because rainfall runoff enters streams and direxgly rather than slowly infiltrating

through soil and bedrock, and can wash sediments and contaminants picked up from roads, parking
lots, and roof tops into receiving waters. The NLCD also includes a separate percent imperviousness
data layer createfdlom satellite imagery, aerial photography, and other ancillary datasets (Xian et al.
2011). This data set records the percentage of each 30 m pixel covered by impervious land cover. We
used an NPScape SOP (NPS 2013) to summarize 2011 NLCD imperviogs sanar data in the

30 km AOA surrounding NERI.

The WV DEP maintains GIS data sets of oil and gas well permit locations, limits of underground

coal mining operations, and areas of mining refuse structures (e.g. piles and slurry impoundments) as
well as aeas of valley fills formed from removal and dumping of overburden (WV DEP 2017).

These maps represent the best available data source on the location and size of these features. We
summarized the type, location, and areas of these features within the/ABDAisurrounding NERI.

We also assessed the potential for future energy development (gas and coal) in the area surrounding
the park using a recently completed project modeling energy build out potential that was conducted
by the Nature Conservancy for tAppalachian Landscape Conservation Cooperative (Dunscomb et

al. 2014). This spatial statistical model was created using geospatial predictors including geologic
attributes (coal and shale formations, thickness), topographic attributes (surface rowmchess)
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transportation attributes (distance to rail, ports, power plants). While at a coarse spatial scale (1 km
pixels), this raster dataset estimates the probability of coal and natural gas development for the next
30 years for areas within the Appalachiad@, which includes areas surrounding NERI. The
Dunscombe et al. (2014) analysis also considers wind power generation potential, but we did not
have enough locational data on existing wind power generation for comparison with future build out
in the area swounding NERI.

We do not have comparable land cover datasets for time periods prior to 2001 that can be reliably
assessed against the 2011 NLCD data for gkgory land cover change assessment. Although the
USGS conducted national land cover mappm973 and 1992, these data were produced using
either different image data sources or scales, or using different mapping methodologies. Therefore,
our comparisons consider only the change in land cover since 2001 as a reference point.

However, the USGEANDFIRE program fittps://www.landfire.govj pr oduces a fAbi oph
settingso | and cover |l ayer that attempts to pre
based on the current biophysical settamgl historical disturbance regime at a similar spatial scale to

the NLCD (30 m pixels). Summarizing this data layer, the original land cover of the NERI 30 km

AOA prior to European settlement was predicted to be 88.6% upland forest (87.1% hardwood, 0.7%
mixed hardwooetonifer, and 0.8% conifer), and 9.4% riparian forest, with the remaining 2% in

natural rock outcrops, glades, or open water, and no developed or-mflnenced impervious land

cover.

Multiple studies have examined the impact of (developaggrvious surfaces on stream
communities, and various thresholds of impervious surface percentage have been suggested as
indicators of stream health, with general agreement that watersheds with greater than 10%
impervious cover become impacted and sha@usbf degradation (Schueler et al. 2009).

Coal extraction and oil and gas well drilling have been a feature of the West Virginia landscape and
the region surrounding NERI for over 100 years. Similar to other land cover changes, the most
appropriate refemce condition for energy extraction activities is probably drawn from models of
land cover conditions predicted to have been present prior to European settlement.

4.15.1. Landscape Trends

In 2011, the 30 km AOA surrounding NERI was 79.8% forested (74.6% desiflu@st, 0.9%

mixed coniferdeciduous forest, and 4.3% conifer/evergreen) (Figure 19, Table 7). Other significant
land cover categories in the surrounding landscape include 8.2% agriculture land cover (7.9%
hay/pasture and 0.3% cultivated crops), and G18%eloped land cover (4.2% developed open space,
1.8% developed low intensity, 0.7% developed medium intensity, and 0.1% developed high intensity.
Approximately 1.2% of surrounding land cover was classified as barren land.
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Figure 19. Land cover distribution in the 30Km area of analysis (AOA) surrounding New River Gorge National River (NERI) from the 2011
National Land Cover Database. Also shown for reference are a 3Km AOA and the park boundary (white). The 30 km and 3 km AOA are standard
summary units used by the NPScape program (NPS 2013).
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Table 7. Landcover area and percentage in the 30 km area of analysis (AOA) surrounding New River
Gorge National River (NERI), summarized using the 2011 National Landcover Database.

Class Name Area (km?) Area (%)
Open Water 65.56 1.0
Developed, Open Space 288.41 4.2
Developed, Low Intensity 125.65 1.8
Developed, Medium Intensity 50.90 0.7
Developed, High Intensity 9.34 0.1
Barren Land 80.80 1.2
Deciduous Forest 5111.68 74.6
Evergreen Forest 292.24 4.3
Mixed Forest 61.56 0.9
Shrub/Scrub 9.79 0.1
Herbaceous 182.95 2.7
Hay/Pasture 538.87 7.9
Cultivated Crops 18.19 0.3
Woody Wetlands 6.25 0.1
Emergent Herbaceous Wetlands 11.70 0.2

As of 2011, (developed) impervious surface cover exists primarily along the Highway 19, Beckley to
Fayetteville corridor to the west of the park (Figure 20). Mapped impervious surfaces, for the most
part,occur outside the NERI park boundary but do occur in the 3 km AOA near the park boundary.
Although approximately 96% of the 30 km AOA surrounding NERI was under the suggested 10%
impervious surface threshold (Table 8), many stream headwaters originatmth& west drain

areas of high percentage impervious surface cover.

From the period 2001 to 2011, the major transitions in land cover were from deciduous forest to
grassland/herbaceous (58.7%&2.7 mf] 0.9% of the area), barren land (22.4%{B8.8 mi?], 0.3%

of the area), or shrub/scrub (7.04®0 m#], 0.1% of the area) (Table 9). A relatively minor amount
of the 30 km AOA area (5.0 Kniil.9 m#], < 0.1%) transitioned to developed land cover types, and
this was primarily from a less intensiveveéoped land cover to more intensive development types
(Table 9). A number of small (< 1 k0.4 m#]) land cover transitions were also reported, but are
not listed.
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Figure 20. Impervious surface cover percentage in the 30 km AOA surrounding New River Gorge National River (NERI), derived from the 2011
NLCD impervious surface data layer (Xian et al. 2011). Also shown are streams (flowlines) that flow through NERI as mapped by the National
Hydrological Database (NHD).
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Table 8. Impervious surface percentage class categories for the 30 km AOA surrounding New River
Gorge National River (NERI), as summarized by the NPScape land cover SOP (NPS 2013).

Class Name Area (km?) Area (%)
0% - 2% 6422.42 93.7
2% - 4% 64.99 0.9
4% - 6% 48.32 0.7
6% - 8% 26.53 0.4
8% - 10% 23.59 0.3
10% - 15% 45.29 0.7
15% - 25% 63.52 0.9
25% - 50% 97.62 1.4
50% - 100% 61.63 0.9

Table 9. Major land cover transitions in the 30 km area of analysis (AOA) surrounding NERI from 2001-
2011 as mapped in the National Land Cover Database.

Class Name Area (km?) Area (%)
Deciduous Forest to Grassland/Herbaceous 58.68 0.9
Deciduous Forest to Barren Land 22.42 0.3
Deciduous Forest to Shrub/Scrub 7.01 0.1
Barren Land to Grassland/Herbaceous 4.71 0.1
Evergreen Forest to Grassland/Herbaceous 3.98 0.1
Grassland/Herbaceous to Barren Land 3.02 0.0
Developed, Open Space to Developed, Medium Intensity 2.38 0.0
Mixed Forest to Grassland/Herbaceous 1.38 0.0
Developed, Low Intensity to Developed, Medium Intensity 1.34 0.0
Developed, Open Space to Developed, Low Intensity 1.29 0.0

Transitions to barren land cover (deciduous forest to barren, and grassland/herbaceous to barren) may
be capturing the conversion of these land cover types to energy development land uses. A large
number of well drilling permits have been issued in tha aterounding NERI over the years,

especially to the northwest and west of the park (Figure 21). An overall total of 5,457 well drilling
permits have been issued in the 30 km AOA surrounding NERI (WV DEP 2017) (Table 10). Of all
permits issued in the 30 KADA, 2,896 (53%) are classified as currently active as of May, 2017
(Figure 22). Of the active wells, nearly all are vertical wells with most (1806, 62%) used for gas
production, although a large number (983, 34%) are not classified with a use typa.Sordif

number of well permits (14) are classified as horizontal wells, although as of May 2017 none of these
wells are active. Within the 3 km AOA, there are 43 reported active well permits (all vertical), 27
(62%) of which are classified as being usedgas production, with the remaining listed as unknown
use. Since 2001, 384 new well permits have been issued in the 30 km AOA that are classified as
active, with most of these issued from 2109 (Figure 22).
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Table 10. All historical well drilling permits issued within the 30 km AOA surrounding NERI, categorized
by well type, well use, and well status from databases manintained by the West Virginia Dept. of
Environmental Protection (WV DEP 2017). * Note that two vertical well permits are not shown because
their well use and well status fields were left blank.

Well Status

Well Type by Well Use | Abandoned | Active | Future Never Never | o 0oed Grand

Well Well Use Drilled Issued Total
Coal Bed Methane Well 19 64 7 36 14 55 195
Gas Production 19 64 7 36 14 55 195
Horizontal n/a n/a n/a 9 5 n/a 14
Unknown n/a n/a n/a 9 5 n/a 14
Not Available 10 1 n/a 1 n/a 58 70
Not Available 10 1 n/a 1 n/a 58 70
Vertical* 277 2831 5 393 17 1655 5178
Brine Disposal n/a 18 n/a n/a n/a n/a 18
Gas Production 169 1806 3 1 1 125 2105
House Gas 5 5 n/a n/a n/a 2 12
Not Available 36 7 n/a 39 n/a 1167 1249
Oil Production n/a 8 n/a n/a n/a n/a 8
Storage n/a 4 n/a n/a n/a n/a 4
Unknown 67 983 2 353 16 361 1782
Grand Total 306 2896 12 439 36 1768 5457
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Figure 21. Active oil and gas well drilling permits in the area surrounding New River Gorge National River (NERI), categorized by well use type
(source: WV DEP, 2017).

76






































































































