Recreational Impacts to Natural Resources at Shenandoah National Park
(Including Skyline Drive)

Recreation is a critical consideration in the assessment of natural resources at SHEN. Recreation
is often cited as a central purpose for creating and managing our national parks, but recreational
activities can inevitably change the parks and may endanger the other goal of resource protection
(Williams and Marion 1995). Approximately two million people visit SHEN annually, with
visitation peaking in July and October (Bair 1998). In SHEN, day hiking, backcountry camping,
campground use, horseback riding, rock climbing, and fishing are commonly occurring
recreational activities that potentially affect natural resources. In addition, driving along park
roads (e.g, Skyline Drive) may be considered a recreational activity. The effects of driving (e.g.,
wildlife roadkills) and the ecological effect of roads (e.g., forest fragmentation) may adversely
impact natural resources in the park. Furthermore, maintenance activities associated with
Skyline Drive, including road repair and roadsalt application, may have adverse effects on
natural resources in the park. Automobile pollutants, including contribution to ozone formation,
are concentrated along Skyline Drive. Overall, however, SHEN is resistant to long-term
recreational impacts due to a moderate climate with ample rainfall and a long growing season
that produces vigorous plant communities with good regenerative qualities. However, intense or
poorly planned recreational use could exceed the natural ability of natural resources to resist or
recover in the park (Bair 1998).

Trail Use

Day use activities accounted for 98% of visitor use in 2002. Examples of specific day-use
activities include driving Skyline Drive with stops at scenic overlooks, day hiking, fishing, rock
climbing, and horseback riding. With over 800 km (500 mi) of hiking trails, day hiking is
probably the most popular off-Skyline Drive activity, and most visitors (71%) visiting SHEN
found hiking to be a very important part of their visit (Reid and Teer 1989). Most park trails can
be accessed from Skyline Drive, but many visitors also access trails from the park boundary
(Bair 1998).

A variety of natural resource impacts are associated with hiking trails. For example, soil erosion
and vegetation loss on and around hiking trails is a persistent problem at SHEN (Jewell 2001).
In addition, the development, deterioration, and proliferation of visitor-created informal trails,
widening of existing trails, root and rock exposure, soil compaction, and spread of nonnative
vegetation along trails adversely affect vegetation and contribute to soil erosion at SHEN (Jewell
2001). Without proper trail maintenance, soil erosion may alter natural patterns of water runoff
and cause turbidity and soil deposition in streams and other water bodies (Marion et al. 1993;
Hammitt and Cole 1998). While some visitor impacts to trails are unavoidable, excessive trail
impacts threaten the safety of trail users, the quality of recreational experiences, and natural
resource quality (Jewell 2001). Jewell (2001) examined 69.43 km (43.14 mi) or 10.8% of
SHEN’s formal hiking trail system, including portions of the Appalachian Trail. His findings
indicate that the trails at SHEN are in good condition with an average trail width of 65.3 cm
(25.7 in) and a grade of 10%. However, he also estimated that an average of 8.9 cm (3.5 in) of
soil has been eroded from the tread surface since the trails were constructed. In addition, the
trails most heavily used by hikers were 22.6 cm (8.9 in) wider, had 1.4% more informal trails,
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11.1% more exposed soil, and 14.3% less organic litter cover, and were incised by 6.1 cm (2.4
in) more than trails in less accessible (less used) portions of SHEN.

One of the most popular and well-known hiking trails in SHEN is the Appalachian Trail (AT).
Approximately 150 km (95 mi) of the AT are located within SHEN. Despite its popularity, the
AT is in very good condition according to Jewell (2001). For example, the average trail width of
the AT is 61 cmvs. 65.3 cm (24 in [vs. 25.7 in]) for all trails combined. In addition, the AT was
40% less incised than other hiking trails in SHEN. The above-average condition of the AT in
SHEN is, in part, due to the “single file” style of hiking that this linear trail promotes (Jewell
2001). In addition, the AT receives more trail maintenance than other park trails due to the
efforts of the Potomac Appalachian Trail Club.

Although many of the formal hiking trails in SHEN are in good condition, recent studies indicate
that day hikers may be negatively affecting soil, plant, and animal resources on and around cliffs
and rock outcrops in the park. Cliff and rock outcrops afford hikers with scenic vistas and are
often popular destinations of day hikers (NPS, Marion, pers. comm., 2005). Almost all (88%)
cliffs and rock outcrops examined for visitor impacts in 2005 contained informal, visitor-created
trails, and most recreational impacts occurred at the tops of cliffs, suggesting their use as scenic
overlooks by hikers (Marion 2005b). The informal, visitor-created trails that threaten sensitive
resources should generally be closed or rehabilitated. In many instances, this rehabilitation may
include realigning popular, formal trails away from cliff or rock outcrops. Marion (2005a)
outlines several techniques for managing and rehabilitating these informal, visitor-created trail
networks.

A thorough investigation of hiking trails at SHEN using well-established assessment techniques
(Jewell and Hammitt 2000) may indicate areas where maintenance of formal trails can be
improved and where visitor-created trails can be rehabilitated. For example, Jewell (2001)
recommends that a comprehensive evaluation of the park’s trail system be conducted, beginning
with the resource capabilities and deficiencies of trails to support appropriate types and amounts
of use. A variety of other factors, including intended purposes, linkages, existing tread
conditions, elevation gain/loss, scenic attractions, and sensitive natural or historic sites, could
also be evaluated. In addition, surveys of trail users should be conducted to identify trail
maintenance needs, direct on-the-ground maintenance activities, set priorities for apportion
funding and staffing among park districts, and justify budget and staffing initiatives for
additional trail management activities (Jewell 2001). Raphael (1982) provided a hiking trail
system model for the Central District of SHEN. It is unclear whether the proposed system was
completely implemented.

Almost 320 km (200 mi) of designated horse trails and administrative roads are available for
horse and pack animal use in SHEN (Bair 1998). Currently, horse use on trails in SHEN is
relatively low, but may be increasing (Bair 1998). Several studies have demonstrated that horse
trails have a more negative impact on natural resources than hiking trails (Nagey and Scotter
1974; Weaver and Dale 1978; Whittaker 1978). For instance, Whittaker (1978) found vegetation
cover on horse trails to be churned-up and often cut off at the roots, instead of flattened as on
hiking trails. Furthermore, horse hoofs tend to dig up and puncture the soil surface, making
horse trails more prone to erosion (McQuaid-Cook 1978). Wilson and Seney (1994) found that
the erosional impacts from horses were greater than those from hikers, off-road bicycles, and
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motorcycles. Due to these effects, caution should be used when considering placement and
design of trails that may be used by horses. Biking can also cause vegetation loss, widening, and
erosion on trails, but their use in SHEN is prohibited. However, bicyclists often enter SHEN
from the park boundary (Bair 1998).

Camping

Most visitors to SHEN view the backcountry as a day-use area, but the park does receive
substantial overnight backcountry use (Bair 1998). Backcountry recreation is leisure activity
occurring in largely natural, undeveloped, and protected areas or wildlands (Hammitt and Cole
1998). Backcountry overnight visitation in SHEN amounted to 39,960 nights in 2002,
representing a 9% decline since 1999 when backcountry overnight visitation was 43,913 nights
(Reid and Marion 2004). Backcountry overnight use of natural areas has been declining in
SHEN since the 1970s. Despite this decline, SHEN has one of the highest backcountry
overnight use densities in the national park system. Thus, a backcountry management plan and
program are critical to achieving a balance between park resource protection and recreation
provision objectives (Bair 1998; Reid and Marion 2004). Primitive camping is permitted in the
backcountry of SHEN by obtaining a free backcountry camping permit. Backcountry primitive
camping can negatively affect natural resources, including loss of vegetation, erosion of organic
litter, soil exposure, erosion and compaction, exposure of tree roots, and damage to tree trunks
(Cole and Marion 1988; Marion and Haskell 1988). In addition, littering and human waste
potentially threaten water quality and human health, and may lead to visitor dissatisfaction
(Williams and Marion 1995). Furthermore, food and trash storage may attract wildlife and
contribute to bear and other wildlife/human interactions in the park.

SHEN originally allowed at-large camping in which visitors could camp anywhere in
backcountry areas (Marion and Haskell 1988). In 1972, increased impacts to natural resources
prompted resource managers to restrict backcountry camping to 39 locations. By 1974,
continued natural resource and social condition degradation at many of these locations led to the
adoption of a dispersed camping policy that directed visitors to camp more than 7.6 m (25 ft)
from water and out of sight of other trails and other campers and forego campfires (Marion and
Haskell 1988). This dispersal policy resulted in the creation of approximately 1,100 campsites
by 1983 (Marion and Haskell 1988). However, declining visitation and a park closure and
rehabilitation of non-approved campsites reduced the number of campsites to 725 by 1994 (Reid
and Marion 2004). Williams and Marion (1995) conducted a comprehensive study and
assessment of these remaining backcountry campsites in SHEN and found that they were in good
condition with minimal natural resource impacts. For example, 22% of campsites were barely
distinguishable and 46% had minimal loss of vegetation, limited exposure and disturbance of
organic litter, and no exposure of soil. Another 23% had experienced substantial loss of
vegetation and organic litter with exposed soil occurring in the center of the campsite. Only 10%
of the campsites had lost most of their vegetation and organic litter cover and exhibit widespread
soil exposure (Williams and Marion 1995).

Although these campsites minimally affected natural resources, 68% of them violated the park’s
camping regulations. Therefore, in 2000, SHEN managers revised their backcountry camping
policy and asked visitors to use only well-established campsites in most areas of the
backcountry, with designated campsites created near shelters for Appalachian Trail hikers (Reid
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and Marion 2004). This containment strategy resulted in a reduction in campsite numbers and in
the total area of camping disturbance in the park (Reid and Marion 2004). Despite increased
visitation at the limited number of established campsites, mean campsite size, area of vegetation
loss, and area of exposed soil did not increase significantly (Reid and Marion 2004). Campsite
conditions, however, should continually be monitored to ensure that natural resource impacts do
not increase significantly. Campsite monitoring following established procedures (Williams and
Marion 1995; Reid and Marion 2004) is critical as SHEN implements a Limits-of-Acceptable-
Change (LAC) planning and management framework (Stankey et al 1985). Monitoring provides
periodic data on campsite conditions for comparison to indicator standards of quality that define
minimally acceptable conditions. If standards are violated, then campsite management actions
must be identified and implemented. For example, posting “No camping” signs and the
placement of natural barriers on non-approved campsites and access trails have been effective in
permitting campsites to recover at SHEN (Marion and Haskell 1988).

Aside from backcountry camping, camping also occurs at SHEN in car-accessible campgrounds
within the park. These campgrounds include Matthews Arm, Big Meadows, Lewis Mountain,
and Loft Mountain, which have similar trampling-related impacts to natural resources within and
around the campgrounds. In addition, three of the campgrounds have recreational-vehicle dump
stations that must be properly maintained so that sewage does enter groundwater or pollute
neighboring water bodies. Furthermore, drainage ditches were constructed in the Big Meadows
campground to drain water away from campsites located in the wetland. These drainage ditches
may facilitate the movement of pollution (e.g., sewage, garbage, parking lot oil, and sediments)
to the Big Meadows wetland and, ultimately, the surface water outlet at Hogcamp Branch or the
groundwater outlet at Davids Spring.

Rock Climbing

Recreational rock climbing first occurred in SHEN in the late 1930s (Bair 1998). Rock climbing
still occurs in SHEN, but primarily is concentrated at two locations within the park: Little Stony
Man Cliffs and Old Rag Mountain (Bair 1998; Marion 2005b). Although rock climbing is not
widespread in the park, this activity potentially affects the cliff and rock outcrops of SHEN
which are some of the largest in the region and support rare animal and plant communities
(Ludwig et al. 1993). Rock climbing is not regulated in the park and has several potential effects
on these natural resources (Hilke 2002). These effects include (Bair 1998; Hilke 2002):

e Vegetation loss and soil erosion and compaction at the top and bottom of cliffs.

e Informal, visitor-created trails to climbing areas that impact sensitive or critical habitat
for plant and animal species.

e The potential for gymnastic chalk used by climbers to change the chemical balance of
soils and impact micro flora and fauna.

e Clearing of dirt, small plants, and lichens from natural cracks in rock faces.

e Alteration of cliff rock by motorized drills, chisels, hammers, and glue.

A cliff management project was initiated at SHEN in 2005 to determine the effects of rock
climbing (and other recreational activities) to natural resources associated with cliffs and rock
outcrops at SHEN. This 3-year project will assess biological and geological resources and
visitor impact and use of cliffs in SHEN. Preliminary results from the recreational impacts’
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portion of the cliff project indicate that most site impacts were due to day hikers and campers
and impacts from rock climbing primarily were limited to cliffs at Little Stony Man Cliffs and
Old Rag Mountain (Marion 2005b). The cliff management project will culminate in the
development and implementation of a Cliff Management Plan that will direct management,
mitigation, monitoring, and restoration efforts at cliff sites in the park. Such a plan should
include outreach, climber education, and partnering with climber organizations to help limit the
effects of rock climbing to natural resources of SHEN.

Fishing

SHEN’s numerous mountain streams provide some of Virginia’s finest native brook trout fishing
(Bair 1998). Catch-and-release fishing is permitted parkwide, except for two streams designated
as “closed to fishing”. Twenty-two streams are designated as “regulated open for harvest
fishing,” from which fish may be kept subject to size and creel limitations (Bair 1998). Visitor-
created hiking trails occur along popular fishing streams, and these trails and nearby campsites
may contribute to sedimentation of streams in SHEN. Due to strict fishing restrictions that
prohibit the use of live bait, the inadvertent introduction of nonnative bait species is not a
problem at SHEN, as it is in other national parks.

Other Recreational Activities

Hang gliding and cross-country skiing are other recreational activities that occur in SHEN.
However, their effects on natural resources are negligible. Hang gliding occurs at designated
launch sites, requires a park-issued permit, and is an activity that occurs infrequently (Bair
1998). The effects of cross-country skiing on natural resources are limited due to the buffering
effects of snow cover.

Collecting of seasonal forage for personal consumption may be considered another recreational
activity in SHEN. Morel mushroom collecting during April/May is fairly popular, but the effects
of this collecting on fungi populations in the park are unknown. Furthermore, medicinal plants
such as American ginseng, black cohosh, and bloodroot are collected illegally in the park. The
effects of collecting on plant populations are not entirely known, but the frequency of small size-
classes of ginseng in the park indicate that plant poaching is having some negative effect on
populations (Cass 2005).
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Conclusions

SHEN supports a variety of natural resources that are intrinsically significant to the park. The
globally significant natural resources found in SHEN include species and communities that can
be seen nowhere else in the world. The High-Elevation Greenstone Barren plant alliance and the
federally endangered Shenandoah salamander are endemic to the park and are globally-rare. Big
Meadows contains a globally-rare wetland plant alliance, the Northern Blue Ridge Mafic Fen,
that also is endemic to the park and is, perhaps, the only place in the country where a high-
elevation grassland/shrub community has persisted for approximately 10,000 years.

Despite a history of disturbance, SHEN represents one of the nation’s most diverse botanical
reserves and is an outstanding example of the Northern Blue Ridge Forest, a globally significant
resource (Braun 1950; NPS 1998). The federally endangered small whorled pogonia is found in
this forest expanse. An abundance and diversity of breeding neotropical migratory birds also
contribute to SHEN’s globally significant natural resources. In addition, SHEN is one of the few
places in the country where peregrine falcons can be observed nesting in their natural habitat.
The native brook trout that inhabit the high-elevation streams also can be considered nationally
significant, as they have been pursued by presidents and other leaders of our country, and SHEN
still contains healthy populations of this fish that has declined dramatically throughout its range.
Aside from providing valued fish habitat, the streams of SHEN form the cold, clear headwaters
of three major river systems.

Regionally significant resources of the park are an abundance of black bears that may serve as a
source population for the Blue Ridge Mountains; an abundance and diversity of streamside
salamanders; and the presence of a variety of state plant and animal species of special concern
that contribute to the local and state significance of the park.

The combination of high elevation, ancient geology, topographic variation, and natural- and
human-caused disturbance regimes shaped the pre-European natural resource condition at
SHEN. This historic condition consisted of large expanses of American chestnut and mixed-oak
forests interspersed with stands of old-growth mesic forests and smaller barren, pine, hemlock,
and riparian forest components. Early successional habitat consisted of forest openings created
by periodic disturbances such as natural and native American caused fire, frequent ice storms,
and periodic flood and hurricane disturbances.

European settlement, associated land clearing, limited industrialization, and introduced pests and
pathogens completely transformed this landscape in the early- to mid-20" century so that today
the large expanses of American chestnut are completely missing from SHEN’s forests and even
oak-hickory forests may be declining. Ecological succession has re-forested the northern Blue
Ridge Mountains and many of the park’s inherently significant resources, including diverse
avian, salamander, and, floral communities, continue to thrive. For example, Big Meadows still
supports wetland plant communities, provides breeding ground for amphibians, and contains
populations of wetland birds, as it did for perhaps the last 10,000 years. A variety of rock
outcrop communities support globally rare plant communities and provide opportunities for
geologic study. Despite adverse effects by decades of acid deposition, the high-elevation
streams at SHEN still support native fish communities in their pools and riffles.
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Most of the threats to SHEN’s natural resources are generated outside the park. For instance,
nonnative insects such as the gypsy moth and the hemlock woolly adelgid threaten oak and
hemlock forest communities, respectively. Hemlocks are all but extirpated from the park and the
ecosystem effects of this loss are not well understood. Other nonnative pathogens such as
dogwood anthracnose and beech bark disease further threaten the park’s native trees.

Herbaceous plants are most threatened by competition from nonnative plants, especially the
invasive garlic mustard and nonnative honeysuckles. Acid deposition and ground-level ozone
degrade water quality and affect the regionally significant scenic vistas that occur along the
entire length of Skyline Drive. Finally, encroaching land development threatens the park’s dark
night skies and the expanse of its continuous forest matrix.

The nature of these threats requires natural resource managers at SHEN to cooperate with local,
regional, and national officials and communities. For example, NPS resource managers and
administrators need to work with state officials on their State Implementation Plans for air
quality that must be submitted to the EPA. These plans will calculate the rate of progress needed
to achieve specified attainment goals for each Class | air quality area in the country. In addition,
natural resource managers should actively support Clean Air Act amendments that further reduce
sulfate deposition in order to prevent further acidification in streams at SHEN. Specifically, for
most streams to recover in the park, sulfate deposition should be reduced below 5 kg/ha/year,
40% of the current deposition amount.

Finally, the park must continue to steward its resources from within its boundaries. Recreational
and cultural use of the park can be entirely compatible with good natural resource conservation.
Proper planning will ensure that the intrinsically significant natural resources of SHEN are
protected. For example, development in the park should be planned to minimize fragmentation
of all large forest blocks and Wilderness Areas. An assessment of lighting within the park would
determine the park’s contribution to impairment of dark night skies, and the change to using
high-efficiency, low-emissions vehicles sets an example of good resource stewardship.

Natural resource protection and stewardship will enable SHEN to remain an outstanding
biological reserve for the next 80 years and beyond. In order to assist in the stewardship of this
outstanding park, the findings of this natural resource assessment were used to generate a “report
card” of natural resource condisions (Table 9). By providing a concise, color-coded overview of
resource conditions, park managers may be better able to set conservation goals and prioritize
management actions for SHEN.
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Table 9. Status and trends in conditions of natural resources for Shenandoah National Park, Virginia. Trends reflect assessment of

conditions over the past 10 years.

Air/Visability/Sound Geology and Soil Water | Plants | Terrestrial Vertebrates Fish | Aquatic Invertebrates Terrestrial Invertebrates
h 1 H ! o o o ?
Trend
Significant concern 1 Increasing
Caution: may be a developing concern — Stable
Good: resource in good condition | Declining
Status unknown ? Unknown
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Resource

Status

Trend

Evidence

Ground-level ozone air
pollutant levels

Significant concern

Declining; slight
reduction in ground-
level ozone over the
past 10 years

SHEN is a Class 1 park and therefore is afforded the greatest degree of air quality
protection under the Clean Air Act. However, air quality is of significant concern in
the park. Based upon the SUMO6 index, ozone concentrations averaged 46.9 ppm/hr
during May—September 1990-2000. While there is no National Ambient Air Quality
Standard (NAAQS) for SUMO06, 46.9 ppm/hr far exceeds concentrations most experts
believe can harm sensitive vegetation, i.e., 10-15 ppm/hr. Furthermore, there were
periodic events when the ground-level ozone at Big Meadows exceeded the daily
maximum NAAQS for ozone of 85 ppb. For example, an analysis of the Big
Meadows monitoring data showed that the number of times per year daily maximum
8-hour ozone concentrations exceeded 85 ppb were 6, 22, and 15, respectively, during
1997, 1998, and 1999. SHEN has among the highest concentration of ground-level
ozone of all national parks monitored, and in 2004 a portion of the park was
designated by the state of Virginia and the EPA as a non-attainment area for ozone.
However, in 2005, the park was re-designated as an attainment area of the ozone
standard due to monitoring data showing improvement in ozone levels since 2002.

Acid deposition-
sulfate and nitrate
pollution

Significant concern

Declining; slight
reduction in acid
deposition over the
past 10 years

Compared with other locations in the eastern United States, SHEN receives relatively
high wet deposition of sulfate and moderately high wet deposition of nitrate. Among
Class | national parks, SHEN and Great Smoky Mountains National Parks receive the
highest sulfate and nitrate deposition—making acid deposition one of the greatest
environmental problems facing the park. Over the approximately 20-year monitoring
period at Big Meadows, wet deposition of sulfur averaged 6.7 kg/ha/year and total
wet deposition of nitrogen averaged 4.6 kg/hal/year. Dry deposition of sulfur and
nitrogen averaged 4.9 kg/ha/yr and 3.2 kg/ha/yr, respectively, at Big Meadows during
the period 1991-1998. Despite high year-to-year variability, wet deposition of sulfate
and nitrate has generally declined at SHEN, especially in the last five years. For
example, statistically significant declines in SO,% and NO* were recorded at SHEN
from 1980-1993.

PM, 5 - Fine mass
particulate matter air
pollutant levels

Caution

Increasing; fine mass
particulates exceeds
natural reference
conditions

Fine mass particulate matter averaged 10.5 pg/m>/yr at Big Meadows during the 12-
year period of 1988-2000. Chemical components of the fine mass particulates
included ammonium sulfate, ammonium nitrate, organics, light absorbing carbon, and
fine soil. Current levels of fine mass particulate matter and its chemical components
are five times greater than natural background (reference) conditions. The highest
fine mass particulate concentration occurred during summer and most of the
contribution was from ammonia sulfate.
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Visibility

Significant concern

Declining; visibility
is only 20% of
natural visual range

The scenic vistas of the Shenandoah Valley and the Virginia Piedmont provided
justification of park establishment and are, therefore, nationally significant. SHEN’s
estimated natural (background) visual range is approximately 185 km (115 mi).
Visibility in the park has been severely degraded so that today the annual standard
visible range (SVR) at SHEN averages 36.8 km (23 mi [only 20% of the park’s
natural visual range]). During summer, SVR decreases to an average of 20 km (12
mi), and increases to an average of 64 km (40 mi) during winter.

Dark night skies

Unknown

Unknown

The visual environment of dark night skies has not been studied at the park.
However, the NPS is obligated to preserve, to the greatest extent possible, the natural
landscape and dark night skies of parks, which are natural resources and values that
exist in the absence of human-caused light. Aside from affecting the visibility of
night skies, recent studies indicate that light pollution may adversely affect water
quality, salamander foraging, bird migration, and turtle breeding.

Natural sounds

Unknown

Unknown

No research on the natural soundscape of SHEN has been conducted. However, noise
from construction practices, traffic, and human aggregation all are potential threats to
the natural sounds of SHEN.
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Resource Status Trend Evidence

Geologic Resources Cautin Declining

(overall)

Bedrock geology Caution Unknown The Catoctin Formation rock type that is found at SHEN is one of the few places in
the mid-Atlantic were volcanic rocks are found at the surface. These bedrock
outcrops are numerous throughout the park; however, those present at overlooks
along Skyline Drive and along hiking trails have the potential for overuse, including
erosion created from repeated foot traffic and rock climbing. Vandalism is a problem
in nearly all national parks, and graffiti is one of the larger threats that could impact
the natural character of rock outcrops. Additionally, open fires constructed beneath
rock ledges blacken the outcrops and pose an additional threat to interpreting the rock
history.

Soils Caution Declining Due to the steep slopes of the Blue Ridge Mountains and periodic flood disturbance
regimes the soils at SHEN have severe erosion potential. In addition, soils that form
from the siliciclastic rock type are adversely affected by acid deposition.

Surficial deposits Caution Unknown Many locations throughout the park have boulders that are detached from bedrock

outcrops and are perched or balanced in a quasi stable state. These locations have a
high potential for dangerous rockfalls; particularly high foot traffic areas (Old Rag,

Black Rock, and Bear Church Rock) have the greatest potential for hazards to park

visitors.

The flood of 1995 demonstrated the force of water and rock on the landscape within
the park. The Rapidan River region received up to 76.2 cm (30 in) of rainfall in less
than a day, resulting in numerous landslides and flooding of the Rapidan, Robinson,
and Conway rivers and their tributaries. The park should consider these threats from
surficial deposits when planning for future backcountry campsites or other permanent
activities that may occur in the eastern flank lowlands. Although the probability of
having additional debris flows in the affected basins in the near future is small, other
areas of the park still remain at risk. Finally, the scoured tributaries impacted by the
debris flows lack the capacity to slowly store and transmit rainwaters due to the full
removal of the soils and rubble from the channels via the debris flows. These
sediments act as a sponge; thereby, slowly releasing the captured rain water during
precipitation events. This problem will continue until the impacted stream channels
revegetate and develop the soil mantle.
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Resource

Streams

Status

Significant concern

Trend

Increasing; slight
improvement last 10
years

Evidence

The clear and cold mountain streams of SHEN form the headwaters for three major
rivers and contain nationally significant populations of native brook trout. Acid
deposition, caused by sulfate and nitrate pollutants, is the major threat to water quality
of SHEN’s streams. Western and central Virginia consistently receive among the
highest level of sulfate (acid-causing) deposition in the United States. SHEN, located
in the northern region of the Blue Ridge Mountains, has the greatest known loading of
sulfate of any national park in the U.S. Despite this threat, there may be some
regional recovery occurring in SHEN streams. A variety of long-term studies
conducted at SHEN, including the Shenandoah Watershed Study (SWAS), the
Virginia Trout Stream Sensitivity Survey (VTSSS), and individual research projects,
document decreasing trends in streamwater pH and ANC consistent with acidification
of the streams due to acid deposition during the period 1980-1987. However, in 2004
a slight recovery in ANC and sulfate concentrations was noted in study streams.
Despite this recovery in constituent solute values, water quality in SHEN streams is
still degraded compared to historic levels. For example, sulfate concentrations in
SHEN streams have increased 2.5-7.5 times from historic levels. In addition, the
median historical loss of ANC in park streams has been estimated to be 20 ueg/I.

Fecal coliform contamination has been noted at Pass Run and Hawksbill Creek in
SHEN. The fecal coliform most likely originates from wildlife and human sources
(recreational use) near streams.

Groundwater

Caution

Stable

Groundwater pumping at a well in Big Meadows (BM-3) contributed to water table
decline in this portion of the park. This well was closed to all uses in 1992 and today
most potable water for the Big Meadows campground is obtained from Lewis Spring.
Additional wells were developed in 1989 to provide supplemental/backup water
sources when flow from Lewis Spring is insufficient to meet demand at the Big
Meadows campground in late summer. Groundwater pumping at these wells has the
potential to contribute to water table declines in SHEN.

A complete list of potential point and non-point groundwater contamination sources
are provided in the Water Resources Scoping Report and include: Skyline Drive,
sewage pollutants from campgrounds (pit toilets, tertiary sewage treatment plants)
and visitor centers (which are all located near the largest springs in the park),
underground gasoline tanks (associated with gasoline stations along Skyline Drive),
gas lines, pesticide or other chemical spills at ranger stations and maintenance yards,
landfills (12 known NPS sanctioned and CCC-era landfills are in SHEN), and
chemical spills and road runoff (including deicing salts, heavy metals, and
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hydrocarbons) along any of the ten state roads found in the park (including routes 211
and 33). Wells near Lewis Spring potentially could be contaminated by pollutants
leaking from an abandoned dump located 1.6 km (1 mi) away. Herbicides used to
maintain power line rights-of-way could affect groundwater supplies at SHEN.
Furthermore, bacteria from horse (used for trail riding) and human waste (from
backcountry waste disposal and potential sewage leaks at developed facilities) may
infiltrate groundwater supplies after storm events.
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Resource

Status

Trend

Evidence

Plant Resources
(overall)

Caution

Declining

Unfragmented forest

Good

Stable

Due to the unfragmented and protected forests found in the park, SHEN contains a
globally outstanding example of the Blue Ridge/Central Appalachian biome.
Approximately 85% of the area within the park’s boundary is contained within
unfragmented blocks greater than 202 ha (500 ac). The construction of fragmenting
features (such as visitor centers and roads) within large forested blocks that are not
under wilderness protection is possible. In addition, the ecological value of the
unfragmented forest blocks at SHEN are enhanced by forested areas that are adjacent
to, but not owned by, the park. Therefore, road construction and land conversion
from forest to residential and other land uses that is occurring outside the park have
the potential to diminish the significance of the expansive, unfragmented nature of
SHEN’s forests.

Oak and oak-hickory
forests

Caution

Declining

Forests that contain oak as a dominant component are the most commonly occurring
forest types at SHEN. Some of the oak associate species, most notably flowering
dogwood (Cornus florida), are threatened by pathogens at SHEN. The flowering
dogwood has declined precipitously at SHEN and elsewhere in Virginia over the past
two decades because of the prevalence of dogwood anthracnose, which causes
mortality to dogwoods especially during dry years.

A history of fire suppression probably has limited the regeneration of oak forests at
SHEN. Although 90% of the fires that have been recorded in the park have been the
result of human ignitions, natural fires occurred periodically throughout the
Appalachians and played a role in shaping the plant communities that historically
were present in the park. However, natural fires have not been permitted to burn in
the park for over 78 years, resulting in conditions different from those that would
have resulted if natural fire had been allowed to exert its influence on the landscape.
Mesic species of trees have probably always been present to some extent on fertile,
protected sites in the park, but they have increased in SHEN and throughout Virginia,
perhaps due to fire suppression. Furthermore, rapid expansion of deer populations
have greatly reduced the amount of oak regeneration at the same time that age,
drought, and gypsy moth defoliation have removed much of the oak overstory. The
species composition in many of Virginia’s hardwood forests, therefore, is shifting
away from oak towards more mesic species such as poplar and maple.

Oak mortality caused by gypsy moths may have caused a decline in oak throughout
the Appalachians. The ridges, south-facing aspects, and dry plateau areas with a
significant oak component have the potential for being most affected by this
nonnative pest. Nonnative plants, red maple, tuliptree, and other opportunistic
species may invade gaps created by mortality of oaks. On the other hand, canopy
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gaps following gypsy moth infestation in some drier Virginia oak forests have also
stimulated dense pulses of oak seedling germination.

Sudden oak death caused by the pathogen, Phytophthora ramorum, potentially
threatens oaks at SHEN. Sudden oak death was first reported in California in 1995
and no natural occurrence has been reported in the forests of the eastern U.S.
However, there is significant risk that this pathogen could be introduced to eastern
oak forests, as it was detected in nursery stock in Florida, North Carolina, and
Georgia in 2004,

Mesic/rich cove forests

Caution

Increasing

Approximately 25% of the land cover at SHEN is in a mesic/rich cove forest
vegetation association. Although the mesic forest associations appear to be
regenerating at SHEN, threats to this forest type include competition from nonnative
species, deer browsing, and fragmentation due to roadways, trails, and land use
changes on the lower slopes along the park boundary. In addition, tree species most
susceptible to damage by ozone are associated with mesic forests (e.g., tulip poplar,
black cherry) and, therefore, air pollution threatens these forest alliances. The moist,
usually fertile soils occupied by these communities make them especially vulnerable
to massive invasions of the nonnative herbs garlic-mustard (Alliaria petiolata) and
Japanese stilt-grass (Microstegium vimineum). In addition, beech bark disease may
threaten the few mesic forest communities at SHEN where this species occurs. The
disease results when bark, attacked and altered by the beech scale (Cryptococcus
fagisuga), is invaded and killed by fungi, primarily Nectria coccinea var. faginata and
sometimes N. galligena. The disease, although presently not found in SHEN, is
present in northwestern Virginia and may arrive at the park and contribute to beech
mortality.

Barrens, boulderfields,
and exposed rock
vegetation types

Caution

Declining

Due to the mountainous terrain at SHEN there are distinctive vegetation associations
associated with exposed and/or loose rock, infertile, minimal soils, and low moisture
gradients. The plant species that are found on these locations vary depending on
elevation, substrate type, soil type, aspect, and degree of exposure, but tend to occur
as stunted forests, shrublands, or herbaceous vegetation and are associated with
diverse lichens and high (>50%) surface rock cover. The globally rare High-
Elevation Greenstone Barren vegetation association is endemic to SHEN and is found
mostly above 1,000 m (3,281 ft) on exposed metabasalt (greenstone) cliffs and ledges.
Due to the harsh conditions and exposure, these vegetation types are slow-growing
and vulnerable to disturbance. In addition, the exposed conditions associated with
these communities make them popular destinations for hikers seeking scenic vistas
and thereby threatening their persistence in the park. Invasive nonnative plants also
threaten barren communities, especially on sites that have been disturbed by human
activity.
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Pine forests and
woodlands

Significant concern

Declining

Pine forests and woodlands at SHEN are primarily composed of pitch pine, table
mountain pine, scrub oaks, Virginia pine and, rarely, shortleaf pine (Pinus echinata).
Pitch pine and table mountain pine are declining throughout their range because of the
exclusion or suppression of fires. In addition, the older pine stands in the
Appalachians are susceptible to southern pine beetle outbreak. At SHEN, a dramatic
reduction in pine trees caused by these pine bark beetles has been documented.
Furthermore, tree-of-heaven established itself at several former pine sites. White
pines are threatened by the white pine blister rust (Cronartium ribicola), a fungal
disease, and white pine weevil (Pissodes strobi), an insect that attacks and kills the
uppermost shoots of the tree.

Eastern hemlock
forests

Significant concern

Declining

The Eastern Hemlock Forest association has declined dramatically over the past 10
years at SHEN. Historically, it typically existed on shallow soils and in cool, deep
ravines along waterways. Hemlocks are threatened throughout the mid-Atlantic by a
nonnative insect pest, the hemlock wooly adelgid, that attacks and kills hemlock trees.
The hemlock woolly adelgid has caused extensive mortality of hemlock in SHEN and
this forest type is currently undergoing rapid change as canopy loss and related
disturbance potentially affect moisture regimes and plant and nutrient dynamics. By
2004, 92% of these trees were classified as dead due to extensive feeding by the
adelgid. As hemlocks continue to decline throughout the mid-Atlantic they most
likely will be replaced by stands of oak, birch, and maple.

Black locust
successional forest

Stable

Stable

The occurrence of the Black Locust Successional Forest association reflects past land
use history at SHEN, especially the prevalence of small homesites now abandoned.
This forest association covers 2,261 ha (5,587 ac [2.83%]) of the park and is often
dominated by black locust and redbud (Cercis canadensis) in the forest canopy. This
association will likely be replaced naturally by alliances containing white ash,
tuliptree, and/or white pine, and eventually by red oak and a variety of hickories.

Wetland plant
communities

Caution

Declining

Although wetland communities compose <2% of the land cover at SHEN, they do
represent ecologically significant communities that add diversity to the landscape and
provide critical habitat for rare plants, amphibians, and other animals. Six distinct
wetland vegetation communities are found at SHEN. One community alliance, the
globally rare Northern Blue Ridge Mafic Fen, is endemic to SHEN. Another rare
wetland community, the Shenandoah Valley Sinkhole Pond, is endemic to a three-
county area in Virginia's Shenandoah Valley. The mafic fen at Big Meadows is
threatened by hydrologic alterations associated with a large well that formerly served
the Big Meadows campground, deer browse pressure, invasive nonnative plants, and,
perhaps, fire exclusion. Nonnative plants threaten native plant communities
throughout the park and may be more likely to colonize wetland areas. At SHEN,
small herbs such as Japanese stilt grass and long-bristled smart weed are threats in
riparian areas. Furthermore, princess tree, tree-of-heaven, and oriental bittersweet are
great threats in several riparian areas that suffered large landslides/soil slumps.
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Old-growth forest

Significnat concern

Declining

Due to past land-use history, the old-growth (>200 years old) stands that still persist
in SHEN are few and small in size. The Limberlost is perhaps the most famous and
most frequently visited old-growth area in SHEN. Unfortunately, hemlock woolly
adelgid has decimated old-growth hemlock trees in the park. Other tree pathogens,
such as sudden oak death and beech bark disease, also potentially threaten old-growth
specimens of those species in the park.

Plant species of special
concern

Caution

Declining

Data collected by The Virginia Natural Heritage Program (VANHP) from various
sources indicate that 92 vascular plant species and one non-vascular plant species of
special concern in Virginia have been reliably reported from SHEN. A variety of
threats at SHEN are affecting persistence of these plant species of special concern
including disturbance suppression, competition from nonnative plants, hydrologic
alteration, canopy defoliation, acid precipitation, illegal collecting, and herbivory by
white-tailed deer.

Nonvascular plants,
lichens, and fungi

Unknown

Unknown

Despite their importance to terrestrial and freshwater communities, little is known
about the distribution and abundance of these species in SHEN. Approximately 100
species of lichens, 400 species of fungi, and 260 species of non-vascular plants are
known from SHEN. Poor air quality may threaten nonvascular plants and fungi,
especially at exposed, high-elevation sites. Furthermore, bryophytes may be
especially sensitive to effects of acid deposition. Trampling by high visitation at
rocky cliffs may threaten these species in the park. Collecting of edible fungi also
may threaten fungi at SHEN.

Nonnative plants

Significant concern

Increasing (nonnative
plants seem to be
increasing at SHEN)

The invasion of nonnative plants may be the biggest threat to maintaining native
forests and plant communities at SHEN because not all nonnatives can be controlled
or removed. Nonnative plants penetrate an average of 75 m (246 ft) into the forests
along Skyline Drive and about 102 m (335 ft) into the forests surrounding historic
(and abandoned) developed areas. Garlic mustard and Japanese stiltgrass are the most
problematic invasives, although mile-a-minute weed and oriental ladysthumb
(Polygonum caespitosum) are recent serious concerns. The North District of the park
contains more nonnative plant occurrences than the other two districts. In general,
nonnative plants are more prevalent on the eastern slopes of the park than on the west.
Skyline Drive, abandoned developed areas, and fire roads are associated with high
numbers of nonnative plants; park boundaries are not. Tree-of-heaven is the most
prevalent nonnative tree. Oriental bittersweet, multiflora rose (Rosa multiflora),
wineberry (Rubus phoenicolasius), Japanese honeysuckle, and Japanese barberry
(Berberis thunbergii) are the most common nonnative shrubs. Garlic mustard,
Japanese stiltgrass, and long-bristled smartweed (Polygonum caespitosum var.
longisetum) are the most common nonnative forbs in the park.
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Terrestrial animals-
including amphibians
(overall)

Good

Stable

White-tailed deer

Good

Increasing

Populations of white-tailed deer at SHEN are currently higher (25-30 deer/mi?) than
historic levels (8-20 deer/ mi®). Deer densities are even higher in the front country
where deer densities approach 200 deer/ mi® at Big Meadows. White-tailed deer are
potentially threatened by chronic wasting disease (although this disease has not been
detected in Virginia as of 2006).

Black bear

Good

Stable

There are approximately 300-800 black bears in SHEN. The SHEN population may
be source population for the Blue Ridge Mountains. Black bears throughout the
Appalachians are constantly threatened by poachers who illegally kill black bears in
order to sell their gall bladders and paws on the international market. However, in
SHEN, the illegal killing of black bears appears to be relatively inconsequential for
population dynamics.

Allegheny woodrats

Caution

Stable

This species of special concern is declining throughout the Appalachians. Allegheny
woodrats are known from nine sites within SHEN. Ensuring the continued
persistence of these populations in the park will assist in the long-term conservation
of this species.

Bats

Unknown

Unknown

The status of the bat community in SHEN is unknown. There have been no published
studies of this vertebrate group in the park, and NPSpecies documents six species of
bats (big brown bat [Eptesicus fuscus], little brown bat [Myotis lucifugus], silver-
haired bat [Lasionycteris noctivagens], eastern red bat [Lasiurus borealis], hoary bat
[Lasiurus cinereus], and eastern pipestrelle [Pipistrellus subflavus]) as being
confirmed from SHEN. However, Virginia Gap predicts nine species of bats to occur
in the park. Three of these predicted species, northern myotis (Myotis
septentrionalis), eastern small-footed myotis, and evening bat (Nycticeius humeralis),
have not been documented in the park and are not included in NPSpecies. In
addition, two species (Indiana bat [Myotis sodalis] and Virginia big-eared bat
[Plecotus townsendii virginianus]), both federally endangered, are known to occur on
the west side of the Shenandoah Valley. Threats to the bat community in SHEN are
unknown, although the conversion of nearby limestone caverns (e.g., Luray Caverns)
to visitor attractions may have eliminated roosting and hibernation habitat.

Small mammals

Unknown

Unknown

The small mammal community has been little studied in SHEN. A species list
published in 1985 suggests that 18 species of native mice, moles, voles, and shrews
occur within the park. They include star-nosed mole (Condylura cristata),
southeastern shrew (Sorex longirostris), pygmy shrew (Sorex hoyi), southern bog
lemming (Synaptomys cooperi), white-footed mouse (Peromyscus leucopus),
southern-flying squirrel (Glaucomys volans), and the rare Appalachian cottontail
(Sylvilagus obscurus). In addition, the southern water shrew (Sorex palustris
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punctualatus) (endangered in Virginia) may occur in the park. Gypsy moth
infestations and their effects on acorns have caused declines in native rodent
populations in SHEN. Forest succession may contribute to declines in Appalachian
cottontail.

Fur-bearing and other
mammals

Unknown

Unknown

Fur-bearing mammals include beaver, bobcat, muskrat (Ondatra zibethicus), red fox
(Vulpes vulpes), gray fox, raccoon, skunks (Mephitis mephitis, Spilogale putorius),
woodchuck (Marmota monax), eastern cottontail (Sylvilagus floridanus), gray squirrel
(Sciurus carolinensis), mink (Mustela vision), northern river otter, and weasels
(Mustela spp.). Beaver and muskrat are only known from around the periphery of the
park boundaries. Formal studies of these species populations in SHEN have not been
conducted. The main threat to these animals is mortality due to vehicular traffic on
Skyline Drive. Threats from disease are unknown although rabies could adversely
affect these populations.

Neotropical migratory
birds

Good

Stable

SHEN is globally significant in providing critical habitat for neotropical migratory
birds, especially the wood warblers (Family Parulidae). Forest neotropical birds
depend on the physical structure of the forest for survival. Some live in hardwoods
with canopies, some along the edge, and some in forest gaps created by tree falls.
This partitioning of the physical habitat supports the high diversity of forest birds in
SHEN. Forest gaps contain early successional vegetation and sunlight, two
environmental variables needed by several neotropical migrants.

Threats to these birds in SHEN include modification of the park’s hardwood forest
structure due to loss of oaks from introduced gypsy moths, loss of hemlocks from the
introduced hemlock woolly adelgid, lack of regeneration due to deer browsing, and
disturbance suppression. Populations are also compromised by loss of forest habitat
and fragmentation from developed sites in the park.

Waterbirds and
waterfowl

Good

Unknown

Few waterfowl species occur in SHEN due to the small number of ponds and other
open water bodies within park boundaries. However, several species, such as wood
duck (Aix sponsa), green heron (Butorides virescens), great blue heron (Ardea
herodias), and American bittern (Botaurus lentiginosus), use riparian corridors along
mountain streams, especially at low elevations. The abundance of, and threats to
these species within the park are unknown.

Raptors

Good

Stable

Hawks and falcons are frequent visitors to, and residents of SHEN. The spine of the
Blue Ridge Mountains creates a pathway along which several species of raptors fly
during fall migration periods, and at least ten species are known from SHEN. In
addition, SHEN is one of the few places in the country where peregrine falcons can be
observed nesting in their natural and historic habitat. Raptors are particularly
susceptible to West Nile virus, but this pathogen has the potential to negatively affect
various bird species.
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Game birds

Good

Stable

Wild turkey, ruffed grouse, and American wookcock (Scolopax minor) occur in
SHEN. Virginia turkey populations, estimated at about 120,000 statewide in 2005,
appear to be stable, or declining slightly due to several years of low reproductive
success. The current size of grouse and woodcock populations in Virginia are
unknown, although grouse populations are low compared to levels prior to 2000.
Woodcock have been declining at a rate of about two percent annually over the past
two decades. Threats to these three game birds in SHEN are unknown, although
American woodcock and ruffed grouse may be losing nesting habitat due to forest
succession.

Turtles

Good

Stable

The only turtle that occurs throughout SHEN, is the eastern box turtle (Terrapene
carolina). The wood turtle, a state-threatened species, may occur within the current
SHEN boundary. Two other species, the painted turtle (Chrysemys picta) and the
snapping turtle (Chelydra serpentina), may enter the park via streams from
populations outside the park. Mortality by vehicles on Skyline Drive potentially is a
major threat to box turtles and other turtle species that cross this road. Removal of
individuals for pets is also a threat.

Lizards and snakes

Good

Stable

At least four species of lizard are known to occur within park boundaries: northern
coal skink (Eumeces anthracinus), five-lined skink (Eumeces fasciatus), northern
fence lizard (Sceloporus undulates hyacinthinus), and ground skink (Scincella
lateralis). Most of the known locations are along the park’s boundary and in the rock
walls located along Skyline Drive. Of the 19 known snake species in the park , three
are of conservation concern. Populations of timber rattlesnake are declining
throughout the Northeast, and the northern pine snake (Pituophis melanoleucus) and
the smooth greensnake (Opheodrys vernalis) have apparently declined dramatically in
the Appalachians due to habitat loss, mortality on roads, and killing by humans. The
northern pine snake is considered a species of special concern in Virginia. Road
mortality on Skyline Drive and incidental killing constitute the main threats to snakes
from humans. Some individuals are undoubtedly removed for the pet trade, but the
incidences and threat level are unknown.

Salamanders

Good

Stable

The Shenandoah salamander is listed as federally endangered and is highly restricted
to three talus areas in the northern section of SHEN. Primary habitat of several
species of salamanders in SHEN is mountain streams and the springs and seeps that
feed them. The abundance and diversity of streamside salamanders is regionally
significant and depends entirely on this habitat type. Salamander populations in
SHEN streams appear relatively secure at this time, but continued exposure to acid
deposition and resulting stream and soil acidification eventually may adversely affect
these populations.

Frogs and toads

Good

Stable

Little is known about the distribution and abundance of frogs and toads at SHEN;
however, they are dependent on isolated vernal pools for breeding. At least two
groups of isolated vernal pools are known to exist in SHEN. These pools, located at
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Big Meadows near the weather station and at Hogcamp Swamp, have been studied for
several years by the USGS Amphibian Research and Monitoring Initiative (ARMI).
Acid precipitation and alteration of the hydrological conditions of ponds constitute
the primary threats to these amphibians. Draining and alteration (e.g., prescribed
burning near these pools) of any part of the Big Meadows pools may cause several
species (particularly Jefferson salamander) to become locally extinct within a short
period of time. Many amphibians at SHEN migrate outside of the park boundary to
breeding ponds on private lands. Any alterations to these ponds or barriers to
migration pose a potentially serious threat to these boundary-line populations.
Mortality by vehicles on Skyline Drive potentially is a significant source of mortality
for some populations.
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Fish (overall)

Good

Stable

Brook trout

Good

Stable

The streams in SHEN offer one of the greatest concentrations of native brook trout in
the eastern U.S., making native brook trout a nationally significant resource at the
park. Acid deposition and resulting decreases in the ANC of SHEN’s streams, and
corresponding increases in toxic aluminum, threaten brook trout. In addition, the
introduction of nonnative trout have disrupted native brook trout population in
streams where they coexist. Maintaining groundwater levels and recharge rates at
springs and seeps is also critical in protecting brook trout populations in the park.
The cool water temperatures upon which trout depend may be adversely affected by
the decline of the eastern hemlock that historically shaded headwater streams
throughout the park.

Although the effects of legal and illegal fishing pressure are difficult to quantify,
illegal harvest should be considered a potential threat to the park’s brook trout fishery.
Streams located along the park boundary are particularly susceptible to illegal trout
harvest.

Salmonid whirling disease caused by a parasite (Myxobolus cerebralis) has not been
detected in the park, but has the potential to negatively affect trout.

Fish communities
(overall)

Good

Stable

Currently, NPSpecies (2005) lists 37 species (including one hybrid trout) of fish
known from SHEN, and three of these, bluntnose minnow (Pimephales notatus),
Potomac sculpin (Cottus girardi), and yellow bullhead (Ameiurus natalis), were first
detected in the past two years by the fish monitoring program. Streams on the eastern
slopes of the park contained higher trout and higher fish species diversity than
streams on the western slopes due to greater invertebrate productivity, water flow, and
pool formation. All populations of fish, regardless of species, are dynamic in the park
(experience year-to-year population fluctuations) due to variations in water flow,
acidity, and recruitment rates. Acidification of SHEN’s streams threatens to reduce
fish species richness by eliminating acid-sensitive species from fish communities.
Aside from the effects of stream acidity, the principle short-term natural factors that
have the most pronounced effect on the fishery resources of SHEN are drought and
flood events. Fish pathogens, such as enteric redmouth disease caused by bacteria
(Yersinia ruckeri), bacterial kidney disease caused by bacteria (Renibacterium
salmoninarum), infectious pancreatic necrosis caused by a virus, and salmonid
whirling disease caused by a parasite (Myxobolus cerebralis), have not been detected
in SHEN, but are potential thtreats to fish in the park.
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Aquatic invertebrates-
aquatic insects,
crayfish, molluscs, and
aquatic worms

Good

Stable

Most streams in SHEN contain macroinvertebrate assemblages that represent the best
condition of streams in the Blue Ridge Mountains. However, acid deposition
threatens the diversity of stream macroinvertebrate assemblages at SHEN. For
example, streams with low ANC (primarily those found in the siliciclastic bedrock
type) contain macroinvertebrate assemblages with lower species richness than streams
with high ANC. These low-ANC streams may now possess less diverse
macroinvertebrate communities than were present in pre-industrial times at SHEN. In
addition, loss of eastern hemlocks may alter macroinvertebrate assemblages in
streams that drain former hemlock stands. Little is known about the molluscs found
in SHEN’s streams.
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Resource Status Trend Evidence

Terrestrial Unknown Unknown

invertebrates (overall)

Insects and other Unknown Unknown Very little is known about the terrestrial invertebrates of SHEN. The most extensive

terrestrial arthropods

survey of terrestrial invertebrates at SHEN was conducted at a hemlock (Limberlost)
and a mixed deciduous forest stand (Matthews Arm) in 1997. In that study, 12,978
invertebrate specimens were collected. The hemlock forest contained more
individuals in the orders Ephemeroptera (mayflies), Plecoptera (stoneflies), and
Psocoptera (book lice). However, the mixed deciduous forest had higher overall
species diversity. Reflecting the potential high diversity of terrestrial invertebrates at
the park, that limited study documented one new state record (Actogeophilus fulvus)
and a new Madison County record (Stimamia bidens) for centipedes collected at
Limberlost. In addition, a previously undescribed species in the order Homoptera and
ten previously undescribed species in the order Diptera were documented.

As part of the ongoing Rock Outcrop Management Project, geologists from the
Virginia Department of Conservation and Recreation collected invertebrates during
summer 2005 and 2006 using sweep nets and light traps at 21 rock outcrops in the
park.

Terrestrial invertebrates are threated by the application of pesticides by NPS
personnel, concessioners, and adjacent landowners. In addition, invertebrates are
potentially threatened as overstory forest tree species such as eastern hemlock decline
and ecosystems dynamics are altered.
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