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Summary
We prioritized the use of prescribed fire to manage vegetation communities at Shenandoah
National Park by using expert opinion and a spatial model. The spatial model included inputs
such as vegetation associations, years since last burn, fire tolerance of the vegetation
communities, search and rescue boundaries (to delineate burn units), and rare species locations.
Our model indicated that forests dominated by xeric oak and xeric pine associations are a high
priority and an appropriate choice for using fire as a regeneration tool—especially in the
southern portion of the park. Two other vegetation associations, including Central Appalachian
Basic Oak - Hickory Forest and the Central Appalachian Montane Oak - Hickory Forest (Acidic
Type) also contain sites on which burning is an appropriate tool to encourage forest regeneration.
We urge forest managers at Shenandoah National Park to monitor vegetation associations both
before and after burning to determine the effectiveness of this management tool.
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Introduction
National Park Service (NPS) units are mandated to ensure that wildland fire is fully integrated
into land management planning. Director’s Order #18: Wildland Fire Management (DO-18)
(DOI NPS 2008) outlines National Park Service fire management policies, which are expanded
upon in Reference Manual-18: Wildland Fire Management (RM-18) (NPS 2008). Both of these
documents state that the National Park Service will manage wildland fire to protect the public,
communities and infrastructure, conserve natural and cultural resources, and maintain and restore
natural ecosystems and processes. The objective of this project is to assist park managers in
prioritizing the use of prescribed fire at Shenandoah National Park in order to foster and maintain
fire-dependent ecosystems. This project directly supports three of the mission goals of the
National Park Service, including 1) restoring and maintaining fire-adapted ecosystems,
2) science-based management, and 3) integrating wildland fire with other NPS programs. The
park’s Resource Management Plan (RMP) states that management-ignited prescribed fires are
essential to the restoration of ecological integrity of Shenandoah National Park. Furthermore,
priorities for prescribed fire planning must be well integrated with ecological understanding and
monitoring efforts.
Throughout several one-day workshops in late 2010 and 2011, biologists, ecologists, data
managers, and fire planners met to identify fire-adapted vegetation communities and develop a
simple spatial model. Moreover, it was determined during these meetings that park managers
wished to define target desired future conditions for each of the identified fire-adapted vegetation
communities. Broad target conditions were defined through literature review, consultation with
Fire Learning Networks, and academic researchers. In the future, it is expected that additional
selection criteria will be added to the model, which will lead to project re-prioritization.
Shenandoah National Park (SHEN) is located along the Blue Ridge Mountains in northwestern
Virginia and lies closer to more people than does any other national park in the country (Connors
1988). There are 197,438 ac (79,900 ha) in the park, including 79,579 ac (32,204 ha) of
designated wilderness. The park is divided into three management districts: north, central, and
south. Elevations in the park range from 595 ft (181 m) at Front Royal to 4,049 ft (1,234 m) at
the top of Hawksbill Summit. One particular aspect of the park is its 105-mi (169-km) Skyline
Drive, which runs the entire length of the park and was one of the first recreational highways of
its types in the United States when it was opened to the public in 1934 (Connors 1988). The park
also contains 101 mi (162.5 km) of the Appalachian Trail, the nation's longest marked footpath
(2,175 mi [3,500 km]) and first national scenic trail, designated in 1968.
Approximately 93% of SHEN is dominated by second-growth forest; two percent is covered by
wetland communities; and approximately three percent of the area is occupied by other
vegetation communities such as barrens. Roughly two percent of the park is developed or
disturbed by humans and includes drivable roads, parking lots, powerline rights-of-way, and
building facilities (Young et al. 2009).
Vegetation of Shenandoah National Park
The composition of the second-growth forest at SHEN has been influenced by the topography,
climate, geology, and natural disturbance regimes of the northern Blue Ridge Mountains, as well
as by historic land use and other anthropogenic disturbances. Braun (1950) defines the Northern
Blue Ridge as a forest section of the Oak - Chestnut Forest region. However, the loss of
1

American chestnut (Castanea dentata) in the early 1900s changed the forest composition of the
region. SHEN currently resembles the Oak - Hickory Forest region (also described by Braun
1950) and 40% of the cover is comprised of oaks, with hickories as secondary components. Due
to a history of disturbance, SHEN represents one of the nation’s most diverse botanical reserves,
contains globally rare plant communities, and is an outstanding example of the Northern Blue
Ridge Forest (NPS 1998). There are 1,406 vascular plant species in Shenandoah National Park.
Young et al. (2009) built upon the earlier work of Berg and Moore (1941), Braun (1950), and
Teetor (1988) in classifying the vegetation associations (VA) of SHEN in relation to physical
processes (e.g., climate), landforms (e.g., geology and topography), and disturbance regimes
(e.g., fire and prior land use history). Using the United States National Vegetation Classification
(USNVC) system approach, Young et al. (2009) completed a mapping and distributional study of
the plant communities of SHEN. Their research identified 35 vegetation associations, including
24 forest and woodland communities, one shrubland community, five wetland/seep communities,
and five barren communities. These vegetation communities ranged from low- (<457 m [1,500
ft]), to mid- (458–913 m [1,500–3,000 ft]), to high- (>914 m [3,000 ft]) elevation sites and are
found on acidic and basic soil types (Young et al. 2009). Two of the communities identified by
this effort, the High-Elevation Greenstone Outcrop Barren and the Northern Blue Ridge Mafic
Fen, are endemic to SHEN (Young et al. 2009).
Fire History and Fire-tolerant Vegetation Associations at Shenandoah National
Park
Prior to 1750, fires intentionally set by American Indians were used to achieve a variety of
results, including clearing land for agriculture, assisting in the management of favored
vegetation, clearing routes of travel, herding game, and even waging war on neighboring tribes
(Lambert 1989, Abrams 1992, Brose et al. 2001). From 1750–1930, increased European
settlement augmented the frequency and intensity of disturbances in and around the park,
maintaining and, perhaps, expanding the oak-hickory and pine component in the forests (Brose et
al. 2001). These fires probably varied in intensity and exerted a considerable influence upon
vegetative composition. One effect may have been creating a forested landscape in which oak
and hickory and, in some areas, pine were a dominant component of forests (Abrams 2005). In
particular, the thick bark of oak, their ability to re-sprout from root stock after surface fires, the
rapid germination of acorns on fire prepped forest floor, and the removal of competing species
are all ways in which fire promotes the spread and persistence of oak (Abrams 1992). Zobel
(1969) found fire scarring almost ubiquitous in stands of table mountain pine that he studied
throughout the Appalachians, including the Blue Ridge. Fire contributes to maintenance of pines
by removing the leaf litter layer, opening the canopy, releasing seed, and killing competing
vegetation (Zobel 1969, Williams 1991). Since 1930, however, effective and active fire
suppression effort in the United States has probably limited the regeneration of oak and pine
forests at SHEN, as well as central and southern Appalachia (NPS 2005). Researchers have
found on xeric sites that oak and pine were unsuccessful at regenerating in a disturbance regime
lacking an adequate component (Brose et al. 2010).
There are four xeric-oak vegetation monitoring types at SHEN, and pine forests at SHEN
are represented by the central Appalachian Pine - Oak / Heath Woodland association
(CEGL00#4996) (Table 1; Mazzeo 1966, Young et al. 2009). These pines are all associated with
dry, sterile soil and open areas (Mazzeo 1966). As in other parts of the Appalachians, pine
2

Table 1. Vegetation association and fire tolerance codes for communities at Shenandoah National Park. Only communities coded very tolerant (1)
through somewhat tolerant of fire (3) are included in the table.
Monitoring
Type
Pine-Oak

CEGL
4996

Fire
Tolerance
1

Pine-Oak

8540

3

a

Vegetation
Association Name
Central Appalachian
Pine - Oak / Heath
Woodland

b

USNVC Name
Pinus (pungens, ridiga) Quercus prinus /
(Quercus ilicifolia) /
Gaylussacia baccata
Woodland

c
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Information from Vegetation Map Report
Shenandoah National Park stands are usually located on xeric upper
slopes and crests, with south to northwest aspects. Elevational range in
the park is about 470–970 m (1550–3180 feet). Physiognomy of existing
stands varies from open shrubland nearly lacking an overstory (because of
mortality from pine beetles) to nearly closed forest in fire-suppressed
situations. Pinus rigida (pitch pine) appears to be the dominant pine in the
majority of park stands, with fewer stands dominated by Pinus pungens
(Table Mountain pine) or codominated by the two species. On marginal,
fire-suppressed sites, this community may be difficult to distinguish from
more xeric variants of CEGL006299. In most cases, it can be
distinguished by its more open, woodland physiognomy, the prominence
of Pinus (pine) spp., and its very dense, multi-tiered shrub layer dominated
by Quercus ilicifolia (bear oak) and/or ericads.
Central Appalachian Pinus virginiana This association is known from scattered outcrops of all the major geologic
Xeric Chestnut Oak - Quercus prinus - (Pinus classes of the park. Sites are steep, solar-exposed, mid- and upper-slope
pungens) /
Virginia Pine
outcrops with veneers and pockets of shallow, low-fertility soils. Vegetation
Schizachyrium
type is mixed woodland with more or less equal dominance by oaks and
Woodland [cliff
scoparium pines. Stands are typically stunted, with trees less than 10 m tall and often
community]
Dichanthelium
somewhat gnarled. This community is most similar to variants of
depauperatum
CEGL004996 that occur on xeric outcrops. These variants typically
contain mixtures of Quercus prinus (chestnut oak), Pinus pungens (Table
Woodland
Mountain pine), and Pinus rigida (pitch pine), with ericaceous shrubs and
Quercus ilicifolia (bear oak) occupying crevices and shallow soil mats.

Monitoring
Type
Xeric-Oak

CEGL
6299

Fire
Tolerance
2

Xeric-Oak

8521

2

Xeric-Oak

8523

2

a

Vegetation
Association Name
Central Appalachian /
Northern Piedmont
Chestnut Oak Forest

b

USNVC Name
Quercus prinus (Quercus coccinea,
Quercus rubra) / Kalmia
latifolia / Vaccinium
pallidum Forest

c
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Information from Vegetation Map Report
In Shenandoah National Park, this community is generally associated with
dry, infertile slopes from the lowest elevations commonly up to about 915
m (3,000 ft). Stands have overstories that vary from very open to closed.
Overstory trees are often somewhat stunted and gnarled. Quercus prinus
(chestnut oak) is generally the sole canopy dominant, often in nearly pure
stands. Less frequent mixed stands may be codominated by Quercus
coccinea (scarlet oak), Quercus velutina (black oak), and/or Quercus rubra
(northern red oak). The ericaceous species Kalmia latifolia (mountain
laurel), Gaylussacia baccata (black huckleberry), and Vaccinium pallidum
(Blue Ridge blueberry) heavily dominate the shrub layer in variable
combinations, usually covering 25–75% (occasionally nearly 100%) of a
given area. As site moisture and/or soil fertility increase, this type can
intergrade with CEGL008523, which generally has Quercus rubra
(northern red oak) as a codominant, a greater number of tree and shrub
associates, a more-patchy ericad component, and significantly higher herb
richness. A few stands at higher elevations are also transitional to
CEGL006299. At the xeric end of the site gradient, it may intergrade with
CEGL004996.
Low-Elevation Mixed Quercus alba - Quercus All park sites are gentle (0- to 10-degree) lower slopes and flats at very
Oak / Heath Forest (coccinea, velutina,
low elevations (<567 m).The vegetation is a closed to very open oak forest
with mixed and variable canopy dominance by Quercus alba (white oak),
prinus) / Gaylussacia
Quercus coccinea (scarlet oak), and Quercus prinus (chestnut oak).
baccata Forest
Various Pinus (pine) spp., including Pinus virginiana (Virginia pine), Pinus
echinata (shortleaf pine), Pinus strobus (eastern white pine), and Pinus
rigida (pitch pine), are frequent overstory associates, particularly following
fire or logging disturbances.
Central Appalachian Quercus prinus It ranges from 260–1,060 m (850–3,480 feet) elevation. This association
Dry Chestnut Oak - Quercus rubra /
tends to occur on moderately steep to gentle, usually straight or convex
Northern Red Oak / Vaccinium pallidum upper slopes with infertile soils and warm aspects. It occupies the middle
(Rhododendron
Heath Forest
portion of the environmental gradient between the shallow, very infertile
periclymenoides) Forest soils occupied by CEGL006299 and the more fertile soils occupied by
several oak-hickory forests. It can be distinguished from CEGL006299 by
its higher overall species richness, a more diverse herb flora, greater
importance of Quercus rubra (northern red oak) in the overstory, and
lower importance of Kalmia latifolia (mountain laurel) in the shrub layer.
Compared to CEGL008516 and CEGL008514, it has lower overall species
richness, a less diverse and dense herb flora, a more abundant
ericaceous shrub component, and an overstory that lacks a dominant
hickory component.

Monitoring
Type
Xeric-Oak

CEGL
8515

Fire
Tolerance
2

Mesic Oak

3683

3

Mesic Oak

6057

3

Mesic Oak

8516

3

a
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Vegetation
c
b
Association Name USNVC Name
Information from Vegetation Map Report
Central Appalachian Quercus alba - Quercus This association is apparently restricted in the park to very low elevations
Acidic Oak - Hickory prinus - Carya glabra /
up to 485 m (1,600 ft). This vegetation probably occupies less fertile sites
Cornus florida /
Forest
on the same shaly soils that support CEGL008516 at higher elevations.
Vaccinium pallidum /
Distinguished from other oak-hickory forests in the park by its occurrence
Carex pensylvanica
on metasedimentary substrates at very low elevations, by the strong
dominance of Quercus alba (white oak), and by the presence of lowForest
elevation xerophytes such as Pinus virginiana (Virginia pine), Quercus
stellata (post oak), and Quercus marilandica (blackjack oak).
Central Appalachian Fraxinus americana In Shenandoah National Park, this community type occurs on steep,
Carya glabra /
Basic Woodland
southeast- to southwest-facing, very rocky slopes, often forming a
Muhlenbergia sobolifera - woodland matrix around large cliffs and outcrops. Elevation ranges in the
Helianthus divaricatus - park from 425–790 m (1,400–2,600 ft). Documented sites were generally
assessed as xeric. This association is a woodland dominated by Fraxinus
Solidago ulmifolia
americana (white ash) and Carya glabra (pignut hickory), occurring in dry,
Woodland
rocky, fertile soils. Vegetation consists of open to very open woodlands
with stunted canopies of 6- to 15-m tall trees.
Central Appalachian Quercus prinus In Shenandoah National Park, this mixed oak forest community occurs
Dry-Mesic Chestnut Quercus rubra /
from the lower elevations to at least 1,000 m (3,300 ft). Shenandoah
Oak - Northern Red Hamamelis virginiana
National Park stands are somewhat variable in composition. However,
Quercus prinus (chestnut oak) and Quercus rubra (northern red oak) are
Forest
Oak Forest
consistently present and codominant in the overstory, although each may
dominate small areas within stands. Only rarely does an individual
ericaceous species cover more than 10% in a plot sample. It can be
distinguished from CEGL006299 and CEGL008523 by its more mesic
habitats, more diverse woody composition, lower density/cover of
ericaceous species, and much greater diversity of low-cover herbaceous
species
Central Appalachian Quercus prinus This forest community is restricted to the upper flanks and crests of ridges
Quercus rubra - Carya in the south district.Classification Comments: This association is similar to
Montane Oak Hickory Forest (Acidic ovalis / Solidago
CEGL008514, which occurs at somewhat lower elevations, and
(ulmifolia, arguta) Type)
CEGL008515 which occurs at much lower elevations in the park. This
Galium latifolium Forest association has an open, mixed canopy dominated by several oaks and
hickories. Trees tend to be slightly stunted (often <20 m tall) on the drier
and more exposed sites. Quercus prinus (chestnut oak) and Carya ovalis
(red hickory) are the most abundant canopy species, but Quercus rubra
(northern red oak) is a constant, sometimes codominant associate.

Monitoring
Type
Mesic Oak

a

CEGL
8514

Fire
Tolerance
3

Vegetation
Association Name
Central Appalachian
Basic Oak - Hickory
Forest (Submontane /
Foothills Type)

b

USNVC Name
Quercus rubra - Quercus
prinus - Carya ovalis /
(Cercis canadensis) /
Solidago caesia Forest

c

Information from Vegetation Map Report
Shenandoah National Park stands of this association occur on lower- to
middle-elevation slopes from 365–850 m (1200–2800 ft) elevation. This
association is a true oak-hickory forest with mixed canopy dominance by
several Quercus (oak) spp. and Carya (hickory) spp. Carya ovalis (red
hickory), Quercus rubra (northern red oak), and Quercus prinus (chestnut
oak) are consistent codominants.
Quercus rubra - Quercus In Shenandoah National Park, this type is limited to gentle, mostly convex
Mesic Oak
8506
3
Northern Red Oak
Forest (Pennsylvania alba / Ilex montana /
slopes and crests on the highest metabasalt and granitic ridges. All but
Dennstaedtia
Sedge - Wavy
one stand occur above 915-m (3000-ft) elevation. It forms an extensive,
punctilobula - Carex
Hairgrass Type)
almost continuous patch from the vicinity of Big Meadows north to the
pensylvanica vicinity of The Pinnacle and Marys Rock. Smaller, outlying patches occur
Deschampsia flexuosa on Hightop, Stony Mountain, The Sag, Mount Marshall, Hogback, and
Forest
other high-elevation ridges.
a
CEGL stands for Community Element Global and is most correctly referred to as the United States national vegetation global element code.
b
USNVC stands for United States National Vegetation Classification system.
c
Young, J., G. P. Fleming, W. B. Cass, and C. Lea. 2009. Vegetation of Shenandoah National Park in relation to environmental gradients, version 2.0. Technical
Report NPS/NER/NRTR—2009/142. National Park Service, Philadelphia, Pennsylvania
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communities at SHEN are associated with westerly aspects on the upper slopes, shallow soils,
and xeric and infertile habitats. In addition, pine communities occur on sites that are rapidly
drained, acidic, and nutrient poor, and may be maintained through periodic fire. The native
southern pine beetle (SPB [Dendroctonus frontalis Zimmermann]) also contributes a cyclic
disturbance in the Appalachians. The long-term coexistence suggests that both fire and the insect
have interacted to perpetuate yellow pine forests through mortality and regeneration (Jenkins et
al. 2011). Jenkins et al. (2011) suggest that the SPB may have acted as a silvicultural
shelterwood harvest in the maintenance of these systems. Frequent low-surface fires, coupled
with an open structure from pine beetle mortality, may have created the conditions necessary for
pine regeneration (Brose et al. 2006, Jenkins et al. 2011).
Historical records indicate that the Blue Ridge province was the most fire prone area in the
central Appalachian Mountains of Virginia and West Virginia from natural ignitions (Lafon et al.
2007). Fire potentially could be used to restore and maintain an oak and pine component in the
park’s forests through the use of prescribed fire and allowing natural ignitions to burn. In
particular, the vegetation associations of Central Appalachian / Northern Piedmont Chestnut Oak
(Quercus prinus) Forest (CEGL006299), Low Elevation Mixed Oak / Heath Forest
(CEGL008521), Central Appalachian Dry Chestnut Oak - Northern Red Oak (Quercus rubra) /
Heath Forest (CEGL008523), Central Appalachian Acidic Oak - Hickory Forest
(CEGL008515), and Central Appalachian Dry-mesic Chestnut Oak - Northern Red Oak Forest
(CEGL006057) may benefit from the use of fire to promote regeneration. Without some fire or
management for oak regeneration disturbance management, oaks may decline in SHEN to below
pre-European settlement distributions (Brose et al. 2001). CEGL stands for Community Element
Global and is most correctly referred to as the United States national vegetation global element
code. Community type associations represent stands of vegetation of relatively homogeneous
composition that share a set of characteristic species and recur on the landscape under similar
environmental conditions. Association is the lowest and most detailed level of the USNVC
system. A total of 40 vegetation community type associations have been described and 35
communities have been mapped at Shenandoah National Park (five communities were smaller
than the minimum mapping unit).
At SHEN, the greatest chance for the use of fire to successfully regenerate oak will occur on
xeric sites due to limitations from competing species and more sunlight reaching the forest floor.
However, deer herbivory and nonnative species invasion are issues of concern on sites that have
been treated by prescribed burning (T. Schuler, U.S. Forest Service, pers. comm., 2003).
If prescribed fire is used in oak forests (or if natural fires are permitted to burn in this forest type)
an overstory tree mortality rate of 15 (for low-fire intensity) to 67 percent (for high-fire intensity)
can be expected (Regelbrugge and Smith 1994). In addition, data collected after the SHEN
Complex Fire of 2000 reveals that low-intensity fires killed the above-ground portions of most
saplings and shrubs, but eventually stimulated understory growth. Blackberry (Rubus spp.),
mountain laurel (Kalmia latifolia), sassafras (Sassafras albidum), and black birch (Betula lenta)
were the most common seedlings found post-fire. Northern red oak and black locust (Robinia
pseudoacacia) saplings also increased post-fire (Cass 2002).
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Methods
In a first step to prioritizing the use of prescribed fire to manage vegetation communities at
SHEN, the vegetation associations that are tolerant of fire and require fire for regeneration and
perpetuation were determined (Table 1). To that end, an initial meeting was held at the United
States Geological Survey (USGS) Science Center in Leetown, WV, in May 2010 with several
one-day follow up meetings held at SHEN in October 2010, January 2011, and March 2011.
Over the course of these meetings, we focused on the goals and desired outcomes of the project,
and the project evolved from one focusing on general vegetation management at SHEN to one
focusing on prioritizing the use of fire as a vegetation management tool. A variety of ecologists,
botanists, and natural resource managers participated, to some degree, in one or more of these
meetings. Participants represented state, federal, and non-profit organizations (Appendix A).
After discussion and input at these meetings, we constructed a simple spatial model to assist in
fire management prioritization of vegetation at SHEN. Inputs to the model included a map of
vegetation associations (Young et al. 2009), maps of fire history boundaries and locations
(D. Hurlbert, NPS-SHEN), and a map of search and rescue compartments for the park defined
along ridgetops, streams, and trails (D. Hurlbert, NPS-SHEN). Additional data layers included
maps of the park boundary, a map of fire suppression areas (M. Forder, NPS-SHEN), maps of
cultural and historic districts (D. Hurlbert and A. Williams, NPS-SHEN), and maps of rare
species locations (W. Cass and A. Williams, NPS-SHEN). Vegetation associations were recoded
into five classes of fire tolerance based on consultations with botanists (G. Fleming, Virginia
Natural Heritage, and W. Cass, NPS-SHEN) and a fire ecologist (M. Forder, NPS-SHEN), such
that the most fire-tolerant community (Central Appalachian Pine - Oak / Heath Woodland,
CEGL004996) was assigned a value of 1 and the least fire-tolerant communities (e.g. Central
Appalachian Acidic Seepage Swamp, CEGL007853) were assigned a value of 5 (Table 1).
Vegetation association maps are represented as a raster Geographic Information Systems (GIS)
layer with a resolution (cell size) of 17×17 m (0.029 ha [0.07 ac]). This raster representation
formed the framework for the rest of the analysis (Figure 1).
Fire history maps were represented as polygons of historic fires boundaries (1925–2009) coded
with year burned. Additional records of historic fires were available that were represented as
point locations with attributes of years burned and fire control acres. We created polygons
around the fire centroids equivalent in area to the recorded acreage burned. We converted all fire
history polygons to a raster representation and combined them such that we could calculate the
following information for every 17×17 m pixel (ground area) in the park: (1) the most recent
year burned (Figure 2); (2) the number of times burned (or whether the area has never burned)
since fire records were kept (1925); and (3) the average return interval in years between fires.
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Figure 1. Fire tolerance code map based on vegetation community showing the Blackrock and Trayfoot
areas of SHEN. Also shown are lines depicting search and rescue compartments (purple), fire planning
units (white), roads (black), and trails along ridgelines (red dashed). The highest fire tolerances have the
lowest numbers and are depicted by red and orange on the map. The lower fire tolerances are shaded in
green.
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Figure 2. Years since last burned raster map generated from fire history polygons showing the Blackrock
and Trayfoot mountain areas of SHEN. Note the circular areas that were derived as circular buffer
polygons from fire history points. Also shown are lines depicting search and rescue compartments
(purple), fire planning units (white), roads (black), and trails along ridgelines (red dashed).
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We used a GIS weighted overlay method in ArcGIS to rank and combine layers into a
prioritization model. The weighted overlay method assigns a relative importance to each value
on input layers (e.g. ranked from 1–9), and then combines layers together using a common
measurement scale. Weights can be given to different layers to change their relative importance
for the final prioritization. We used two equally weighted inputs in this draft modeling effort;
vegetation fire tolerance and years since last burned. We first recoded the years since last burned
into three classes (<5 yr, 5–15 yr, >15 yr), and gave each class a relative ranking for
prioritization (1, 9, and 5, respectively). We reasoned that areas burned less than five years ago
were already within their desired fire return interval and would not need immediate attention,
while areas that burned between five and 15 years ago were the highest priority, since they would
need to be re-burned soon to maintain their desired fire return interval. Areas that burned longer
than 15 years ago were given higher priority than areas recently burned, but lower priority than
areas burned from five to 15 years ago. We rationalized, with time, money, and staff constraints,
that we could only undertake a few projects each year. This system would allow us to focus on
priority areas and apply fire with enough frequency to achieve desired results. We assigned
relative rankings for vegetation fire tolerance, prioritizing those vegetation communities that
were most fire tolerant (fire tolerances 1, 2, 3, 4, and 5 were ranked 9, 3, 1, 1, and 1,
respectively). The weighted overlay method combines the ranked input layers (Figure 3) and
results in an output layer where each pixel is assigned a ranking from 1–9 that is a combination
of the input rankings. This is the same method used by Hiers et al. (2003) for prioritizing
prescribed burning areas, but their model had 11 input criteria derived from group meetings with
managers and biologists. Areas assigned a “9” on the output map are highest priority for fire
management on both vegetation fire tolerance criteria and years since last burned criteria.
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Figure 3. Weighted overlay Geographic Information System method as implemented for draft fire
management prioritization model results. Note resulting map depicting ranked (1–9) model prioritization
outputs and areas excluded (masked) from the final result.
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Results and Discussion
The main products of this process were a series of maps that depict the weighted overlay output
at the pixel level, and summarized the outputs by fire planning “compartments” represented by
search and rescue polygons previously defined for the park (Figures 4a–f). We used search and
rescue polygons (Search Grid) as fire planning compartments because (1) they are defined along
ridgetops, streams, roads, and trails which are natural firefighting boundaries, (2) the search and
rescue units are of a reasonable size (average 316 ac [128 ha]) for planning burn units,
(3) the units are inclusive of the entire park, and (4) park GIS staff had already expended
considerable effort in their definition. There were 627 search and rescue compartments defined
for the park. We summarized and mapped the acreage in the two highest priority model output
classes by search and rescue grid (class 9 and class 7, there was no class 8 on the output maps)
(Figures 4a–f).
We created GIS “masks” or exclusion areas by creating raster layers from polygon maps of fire
exclusion (FMU) zones, historic districts, cultural zones, and by creating 20-m (65-ft) buffer
polygons around rare species point and polygon layers. For this initial project, rare species were
placed into these exclusion zones. However, several rare plant species may benefit from forest
openings created by prescribed fire (e.g., Phlox buckleyi, Solidago simplex) and may be included
for fire management prioritization in the future. Raster pixels that fell within these exclusion
zones were set to zero value and were not included in acreage summaries or on maps depicting
burn priorities. The fire planning compartments that received the highest rankings for burn
priority are located in the southern portion of the park (Figures 4e–f). These planning
compartments contain pine and oak vegetation associations on xeric sites and are primarily
located on south-western aspects.
Prioritization of the use of prescribed fire to manage vegetation at SHEN is only a first step.
In particular, park managers want to understand if prescribed fire is producing the desired result
(e.g., maintenance and expansion of appropriate vegetation associations). Desired future
conditions (DFC’s) have been established for several SHEN vegetation monitoring types that
would be managed with prescribed fire (Table 2). These desired conditions include indicators
and target values for different size classes within a forest stand (Table 2). Objectives of repeated
prescribed fire application in Central Appalachian oak forests include increasing the rate of
oak regeneration where it is insufficient and maintaining oak regeneration where it is adequate.
The primary goal is to restore and maintain fully stocked oak stands capable of long-term
self-perpetuation.
Two research endeavors (Brose et al. 2008, Steiner et al. 2008) proffered guidelines for assessing
success of oak regeneration (Appendix B). We converted their plot methodologies (and numbers)
to establish guidelines that match Fire Monitoring Handbook (FMH) seedling protocols for fire
ecology used by Mountains-to-the-Sea (MTTS) National Parks in Virginia (Appendix B). These
guidelines for assessing success of oak regeneration at SHEN were summarized along with
general guidelines for assessing general fire-adapted pine regeneration (Table 3). These numbers
are meant to help gauge project success related to desired regeneration conditions for oak and
pine established by SHEN (Table 3). Oak and pine Research Foresters were also consulted,
including Dr. Tom Schuler from the Northern Research station and Dr. Tom Waldrop from the
Southern Research station, to draft these target conditions. Target values
15

Figure 4a. Burn priority determined using a weighted overlay model for 637 fire management
compartments at Shenandoah National Park. The six burn priority maps represent north and south
portions ofthe North, Central, and South Districts.
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Figure 4b. Burn priority determined using a weighted overlay model for 637 fire management
compartments at Shenandoah National Park. The six burn priority maps represent north and south
portions ofthe North, Central, and South Districts.
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Figure 4c. Burn priority determined using a weighted overlay model for 637 fire management
compartments at Shenandoah National Park. The six burn priority maps represent north and south
portions ofthe North, Central, and South Districts.
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Figure 4d. Burn priority determined using a weighted overlay model for 637 fire management
compartments at Shenandoah National Park. The six burn priority maps represent north and south
portions ofthe North, Central, and South Districts.
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Figure 4e. Burn priority determined using a weighted overlay model for 637 fire management
compartments at Shenandoah National Park. The six burn priority maps represent north and south
portions ofthe North, Central, and South Districts.
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Figure 4f. Burn priority determined using a weighted overlay model for 637 fire management
compartments at Shenandoah National Park. The six burn priority maps represent north and south
portions ofthe North, Central, and South Districts.
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Table 2. Desired conditions for vegetation monitoring types managed with prescribed fire at Shenandoah National Park.
Monitoring typea
Pine-Oak
CEGL004996
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Xeric Oak
CEGL006299
CEGL008521
CEGL008523
CEGL008515
CEGL006057

Attribute
overstory trees

Indicator
density: basal area of trees (>15 cm) m2/ha

desirable overstory species
(yellow pine / oak)
pole-sized trees

basal area of yellow pine / oak (≥15 cm dbh) /
total basal area (≥15 cm dbh) * 100
density: basal area of pole (15 cm≥pole>2.5 cm) m2/ha

yellow pine seedlings

percentage of stems 14 cm tall

oak seedlings
shrub abundance

number of stems/ha
percent cover

herb abundance
overstory trees

percent cover
density: basal area of trees (>15 cm) m2/ha

desirable overstory species
pole-sized trees
seedlings

basal area of yellow pine / oak (≥15 cm dbh) /
total basal area (≥15 cm dbh) * 100
density: basal area of pole (15 cm≥pole>2.5 cm) m2/ha
density: number of stems/ha by species

shrub abundance
herb abundance

percent cover
percent cover

Target value (citation)b
11.25–15.5 m2/ha (all trees overstory and poles) {S BR FLN}
Woodland 9–13.5 m2/ha (all trees overstoy and poles) {SW VA FLN}
≥80%{S BR FLN}
>50% site dependent {SW VA FLN}
11.25–15.5 m2/ha (all trees overstory and poles) {S BR FLN}
Woodland 9–13.5 m2/ha (all trees overstoy and poles) {SW VA FLN}
>50% site dependent {SW VA FLN}
11,000 stems/ha 5-yr post-burn per NPS FMH plot {Jenkins et al.
2011}
>400 stems/ha >1 m tall {S BR FLN}
<30% {S BR FLN}
<10%/stand {Jenkins et al. 2011}
Woodland >50% herbs {SW VA FLN}
13.5–20 m2/ha {S BR FLN}
13.5–18 m2/ha for forest (SW VA FLN}
9–13.5 m2/ha for woodland (SW VA FLN}
≥70% {S BR FLN}
<2.25 m2/ha {S BR FLN}
≥42 m/FMH seedling sample area, NPS FMH plot {Steiner et al.
2008}
5, 58–120, and 120–240 stems/NPS FMH plot {Brose et al. 2008}
>50% of stems that are oak >14 cm tall {SW VA FLN}
<20% {S BR FLN}
forest >25% herbs {SW VA FLN}
woodland >75% herbs {SW VA FLN}
≥22.5 m2/ha {SW VA FLN}
forest >25% forbs {SW VA FLN}

Mesic Oak
overstory trees
density: basal area of trees (>15 cm) m2/ha
CEGL008516
pole-sized trees
density: basal area of poles (15 cm≥ pole>2.5 cm) m2/ha
CEGL008514
a
CEGL stands for Community Element Global and is most correctly referred to as the United States national vegetation global element code.
b
S BR FLN refers to Southern Blue Ridge Fire Learning Network working group. Buchanan, Beth et al. Regional Fire Ecologist, USFS. April 2009.
SW VA FLN refers to the Southwest Virginia Fire Learning Network working group. Lindblom, Sam et al. Fire Manager, VA TNC. February 2010.
NPS FMH refers to the National Park Service Fire Monitoring Handbook.

Jenkins, M. A., R. N. Klein, and V. L. McDaniel. 2011. Yellow pine regeneration as a function of fire severity and post-burn stand structure in the southern Appalachian Mountains.
Forest Ecology and Management 262:681–691.
Steiner, K. C., J. C. Finley, P. J. Gould, S. Fei, and M. McDill. 2008. Oak regeneration guidelines for the central Appalachians. Northern Journal of Applied Forestry 25: 5–16.
Brose, P. H., K. W. Gottschalk, S. B. Horsley, P. D. Knopp, J. N. Kochendoerfer, B. J. McGuinness, G. W. Miller, T. E. Ristau , S. H. Stoleson, and S. L. Stout. 2008. Prescribing
regeneration treatments for mixed oak forests in the mid-Atlantic region. General Technical Report NRS-33. U.S.D.A., Forest Service, Northern Research Station.

Table 3. Guidelines for assessing success of oak and fire-adapted pine regeneration at Shenandoah
National Park.
Guideline sources
Steiner et al. 2008
MTTS Fire Ecology
Brose et al. 2008

a

Dominant
vegetation type
oak
oak
oak

Requirements necessary to achieve a fully stocked oak or pine stand
total oak height >11 ft/0.001-ac plot
total seedling height >138 ft/0.0125-ac plot
oaks >3 ft tall: >1 stem per 0.0026 acre plot
oaks 0.5–3 ft tall: 12–25 stems/0.0026-ac plot
oaks <0.5 ft tall: 25–50 stems/0.0026-ac plot
MTTS Fire Ecology
oak
oaks >3 ft tall: >5 seedling stems per 0.0125 acre plot
oaks 0.5–3 ft tall: 58–120 seedling stems/0.0125-ac plot
oaks <0.5 ft tall: 120–240 seedling stems/0.0125-ac plot
Tom Waldrop
pine
post-burn duff depth <3 cm
Jenkins et al. 2011
pine
overstory density reduced by 40%
understory density reduced by 80%
post-fire shrub cover <10%
post-burn duff depth <4 cm
10,118 stems/ha of pine seedlings 5-yr post-burn
reduction in total fuels by 60%
MTTS Fire Ecology
pine
overstory density reduced by 40%
understory density reduced by 80%
post-fire shrub cover <10%
post-burn duff depth <4 cm
>51 stems of pine seedlings/0.0125-ac plot 5-yr post-burn
10,118 stems/ha of pine seedlings 5-yr post-burn
a
Steiner, K. C., J. C. Finley, P. J. Gould, S. Fei, and M. McDill. 2008. Oak regeneration guidelines for the central
Appalachians. Northern Journal of Applied Forestry 25:5–16.
MTTS Fire Ecology refers to the Fire Monitoring Handbook seedling protocols for fire ecology utilized by Mountainsto-the-Sea National Parks in Virginia.
Brose, P. H., K. W. Gottschalk, S. B. Horsley, P. D. Knopp, J. N. Kochendoerfer, B. J. McGuinness, G. W. Miller, T.
E. Ristau , S. H. Stoleson, and S. L. Stout. 2008. Prescribing regeneration treatments for mixed oak forests in the
mid-Atlantic region. General Technical Report NRS-33. U.S.D.A., Forest Service, Northern Research Station.
Jenkins, M. A., R. N. Klein, and V. L. McDaniel. 2011. Yellow pine regeneration as a function of fire severity and postburn stand structure in the southern Appalachian Mountains. Forest Ecology and Management 262:681–691.
Waldrop, T. 2011. Personal communication

drafted by two Fire Learning Networks were also included in Table 2. The U.S. Fire Learning
Network (USFLN) is a cooperative project of The Nature Conservancy, agencies of the
Department of the Interior, and the USDA Forest Service; the network was created in 2002. The
USFLN is part of the larger joint program, Fire, Landscapes and People: A Conservation
Partnership, which includes education and training components the network operates at both
national and local levels to overcome barriers to reducing hazardous fuels build-up and restoring
fire-dependent ecosystems. The Southwest Virginia Fire Learning Network (SWFLN)
encompasses over a half million acres in the western-most portion of the state. The priority target
areas for the group are fire-dependent dry oak forests and woodlands, pine oak heath woodlands,
northern red oak forests, and early successional patch communities. As part of this effort, fire
ecologists, botanists, and land managers have begun describing the desired structure and
composition of the forest based upon the best available research of pre-settlement fire regimes of
the central Appalachian. Similarly, The Southern Blue Ridge Fire Learning Network (SBRFLN)
project area covers 2.7 million acres of land managed by partners in Georgia, North Carolina,
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South Carolina, and Tennessee. The partnership has identified shortleaf pine-oak- heath, dry
mesic oak-hickory, and high-elevation red oak forests as target communities for restoring fire
regimes. Local managers have also begun describing desired future conditions for these target
communities. Shenandoah National Park is not a formalized member of either FLN, but does
actively participate in meetings. Desired conditions included in this document represent the most
currently available information on similar ecological communities even though the areas are
geographically distinct.
As funds become available, prescribed fire plans will be prepared for the high ranking
compartments and pre- and post-monitoring of vegetation will be conducted to determine how
the vegetation responds to prescribed fire treatments.
Although detailed fire plans will be prepared for each prescribed burn, current scientific
literature emphasizes the following general considerations that should be applied when using
prescribed fire treatments to achieve the maintenance and expansion of appropriate vegetation
associations at SHEN:
1. Pines and upland oaks are well suited to periodic surface fires (Brose et al. 2010).
Pre-burn/treatment monitoring should occur (Brose et al. 2008).
2. Vegetation monitoring should occur not more than 5 years post-burn.
3. Fires have historically occurred in xeric pine oak stands approximately every 5–7 years.
(Aldrich et al. 2010, Lafon et al. 2005).
4. Prescribed fire should be low-moderate intensity every 3–7 years. (Pers. Comm. Waldrop
2011, Jenkins et al 2011).
5. Prescribed fires with medium to low intensity and medium-high flame lengths of 6–8 feet
will result in successful yellow pine regeneration and be safer to accomplish (Waldrop et
al. 2006, Aldrich et al. 2010, Jenkins et al. 2011, Waldrop pers. comm. 2011).
6. Pines and upland oaks are well suited to periodic surface fires (Brose et al. 2010).
7. If only one burn, it should be high intensity (Brose 2010, Jenkins et al. 2011).
8. Fires have historically occurred in the spring when trees were dormant. (Hoss et al. 2008,
Aldrich et al. 2010).
9. Fires should occur in late winter/spring (Brose et al. 1999, Brose 2010).
Prescribed fire accompanied by mechanical thinning:
1. Research of burn effects on oak regeneration has accompanied pre-burn silvicultural
treatments. Apply canopy removal, permit 3 years for oak root to respond to opening and
then apply burn (Wendel and Smith 1986, Brose et al. 1999).
2. Oak regeneration has historically been achieved “naturally” in the Appalachians through
a combination of two processes: canopy disturbance and periodic fire (Abrams 1992,
Brose et al. 2008).
This project has shown that Shenandoah forests dominated by xeric oak and pine associations are
a high priority and an appropriate choice for using fire as a regeneration tool. Two other
vegetation associations, including Central Appalachian Basic Oak - Hickory Forest
(CEGL008514) and the Central Appalachian Montane Oak - Hickory Forest (Acidic Type)
(CEGL008516), may also yield sites on which burning is an appropriate tool to encourage forest
24

regeneration. In the future, collaborative efforts to describe and delineate the ecology and
spatial extent of other floristically significant communities throughout the park may prompt
re-prioritization. Specifically, prescribed fire management of fire-adapted / tolerant rare plant
communities and xeric oak matrix woodlands and their associated open barren communities may
be coupled to restore and maintain these communities. This spatial model and subsequent desired
condition table is not intended to be static, but to serve as a tool for fire managers to evaluate
regularly and select burn units annually, as well as to help determine project effectiveness.
As monitoring information is obtained and analyzed, target desired future conditions will be
re-evaluated and refined.
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Appendix A. Contact information and affiliation for the participants involved in prioritizing and
determining prescribed fire management at Shenandoah National Park.
Meeting
Participants
James Akerson
Jeff Albright
Wendy Cass
Jim Comiskey
Gary Fleming
Melissa Forder
Rolf Gubler
Jake Hughes
Dan Hurlbert
John Karish
Carolyn Mahan
Gordon Olson
Jim Schaberl
Peter Sharpe
Lesley Sneddon
Jeb Wofford
John Young

Affiliation
National Park Service
National Park Service
National Park Service
National Park Service
Virginia Department of Conservation and Recreation
National Park Service
National Park Service
National Park Service
National Park Service
National Park Service
Pennsylvania State University
National Park Service
National Park Service
National Park Service
NatureServe
National Park Service
United States Geological Survey
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Email Contact Information
James_Akerson@nps.gov
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Rolf_Gubler@nps.gov
Jake_Hughes@nps.gov
Dan_Hurlbert@nps.gov
John_Karish@nps.gov
cgm2@psu.edu
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Jim_Schaberl@nps.gov
Peter_Sharpe@nps.gov
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Appendix B. Calculations to match Steiner et al. (2008), Brose et al. (2008), and Jenkins et al.
(2011) proffered guidelines for assessing success of oak and pine regeneration with Fire
Monitoring Handbook (FMH) seedling protocols for fire ecology utilized by Mountains-to-theSea National Parks in Virginia (MTTS).
1. Steiner et al. (2008) utilized 1/1000 acre circular plots and suggested that 11 feet of oak/plot
resulted in fully stocked stands.
Where:
•
1/1000 acre experimental plot = 0.001 acre
•
FMH seedling sampling area of 50 m2 = 0.0125 acre
•
11 feet of experimental oak regeneration
•
X = number of oak feet needed on Fire Monitoring Handbook (FMH) seedling sample
Therefore:
X = 0.0125/0.001 * 11
X = 137.5 feet of oak regeneration needed on FMH seedling sample
2. Brose et al. (2008) utilized 1/385 acre circular plots to evaluate successful oak regeneration
requirements in the following three size classes: Competitive (> 3 feet tall), Established (0.5–
3 feet), and New (< 0.5 feet). Their findings indicated that 1, 12–25, and
25–50 stems/plot of competitive, established, and new oaks were required, respectively.
Where:
•
1/385 acre experimental plot = 0.0026 acre
•
FMH seedling sampling area of 50 m2 = 0.0125 acre
•
1, 12–25, and 25–50 stems of competitive, established, and new oaks, respectively
•
X = number of oak stems/class needed on FMH seedling sample
Therefore:
For Competitive Oak Class
X = 0.0125/0.0026 * 1
X = 4.8 oak stems/competitve needed on FMH seedling sample
For Established Oak Class
X = 0.0125/0.0026 * 12 or 25 (to apply range)
X = 57.7–120.2 oak stems/established needed for FMH seedling sample
For New Oak Class
X = 0.0125/0.0026 * 25 or 50 (to apply range)
X = 120.2–240.4 oak stems/new needed for FMH seedling sample
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3. Jenkins et al. (2008) utilized 1 acre plots and suggested that > 10,000 stems per hectare of pine
seedlings 5-year post burn resulted in fully stocked pine stands. According to their research,
there are also requirements for fuel reduction, duff layer depth, and vegetation density and
cover at the forest stand level to accompany stems per plot guidelines.
Where:
•
1 hectare experimental plot = 2.471 acre
•
10,000 stems per hectare = 4,047 stems per acre
•
FMH seedling sampling area of 50 m2 = 0.0125 acre
•
X = number of pine seedlings 5-year post burn needed on Fire Monitoring Handbook
(FMH) seedling sample
Therefore:
X = 0.0125/1 * 4,047
X = 50.6 number of pine seedlings 5-year post burn needed FMH seedling sample
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