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Introduction
The focus of the Southern Appalachian Spruce Restoration Initiative is on forests that, in their natural
condition would be dominated or co-dominated by red spruce, or would have it as a significant
component in the overstory. Where this natural condition has been lost through past alteration, SASRI
endeavors to restore the system to as close to a natural condition as is feasible. Inhabiting the highest
and coldest parts of the Southern Blue Ridge ecoregion, the Southern Appalachian spruce-fir forests are
widely considered a relic from the last ice age. These forests are characterized by high moisture and
often immersed in cloud cover. These forests are home to federally listed endemic species such as
spruce-fir moss spider, and Carolina northern flying squirrel as well as a long list of species of
conservation concern including the northern saw-whet owl, brown creeper, black-capped chickadee,
and several salamanders. From the 1880s to the 1930s these forests were logged extensively with some
areas experiencing catastrophic wildfires in the logging slash. This era of unchecked logging is
considered the primary reason that restoration efforts are needed since the spruce forests have not
recovered from this era in more than 100 years. However, other impacts should also be noted. From
the 1960’s to the late 1980’s these forests experienced wide-spread declines. In fact, in 1995, a report
to the US Biological Service stated that the spruce-fir forests of the Appalachians were the second most
endangered ecosystem in the United States (Noss, LaRoe and Scott, 1995). At the time, speculated
causes for the decline were wide-ranging, however, we believe that the most critical elements were 1)
acidic deposition (especially sulfur compounds) from air pollution and 2) mortality of the Fraser fir (Abies
fraseri) from the introduction of the Balsam woolly adelgid (Eager and Adams, 1992). Fraser fir trees are
still impacted by BWA, however, studies have found that red spruce (Picea rubens) can, and does persist
without it’s associated shorter-lived cousin (Busing, 2004). With the implementation of cleaner air
quality standards, the acidic deposition in these high elevation “cloud forests” has declined thereby
reducing the stress (Banks, 2013). However, a portion of the sulfur compounds deposited since the late
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1800s has been stored in the soil. As sulfur deposition decreases, the stored sulfur compounds will
release from the soil, combine with, and remove nutrient cations (calcium, magnesium, and potassium)
from the watershed (Rice, 2014).

Background
The Southern Appalachian Spruce Restoration Initiative (SASRI) is a partnership of diverse interests with
a common goal of restoring spruce ecosystems across the high elevation landscapes of the Southern
Blue Ridge. It is comprised of private, state, federal, and non-governmental organizations which
recognize the importance of this ecosystem for its ecological, aesthetic, recreational, economic, and
cultural values. The SASRI collaborative network determined a need to create a Southern Appalachian
Spruce Restoration Plan at its annual meeting in August of 2013. While this document is not a
regulatory document, nor does it create a mandate for action on any lands, we hope that it will serve as
a guidepost for restoration and a benchmark for success. Therefore, the plan lays out an overarching
goal followed by four supporting objectives. Additionally, the plan is designed to encourage future
updates based on additional information and refining of targets.
SASRI Goal: Restore spruce-fir forests in ecologically appropriate locations throughout the Southern
Blue Ridge ecoregion.
SASRI Objective 1: Determine reasonable restoration targets, including annual acreages and criteria for
determining appropriate locations, through a planning process.
Tasks:





Obtain a consistent map of the current extent of spruce throughout the Southern Blue Ridge (by
August 2014)
Develop restoration criteria (by August 2014)
Complete Southern Appalachian Spruce Restoration Plan (by December 2015)
Engage in adaptive management efforts to revise and refine these targets as appropriate

SASRI Objective 2: Build a network of organizations and agencies dedicated to achieving our spruce
restoration goal.
Tasks:




Implement strategic outreach efforts to maintain strong participation of existing partners and
increase participation by additional key stakeholders over time.
Build ownership around the Southern Appalachian Spruce Restoration Plan through engaging
the entire SASRI membership in a participatory planning process.
Hold regular SASRI meetings to encourage sharing information among researchers and land
managers interested in spruce restoration efforts.
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SASRI Objective 3: Increase the capacity for growing spruce seedlings for planting, in order to meet the
restoration goals.
Tasks:



Work with Southern Highlands Reserve to increase their capacity to grow red spruce seedlings,
and to learn from their experience growing red spruce.
Work with other agencies to secure additional greenhouse space for growing red spruce (e.g.
North Carolina Forest Service)

SASRI Objective 4: Work within the SASRI network to implement the Southern Appalachian Spruce
Restoration Plan with a focus on restoring spruce in ecologically appropriate locations.




Facilitate interagency agreements for implementing the Southern Appalachian Spruce
Restoration Plan
Encourage volunteer efforts for collecting seed, planting and monitoring seedlings, and releasing
spruce trees suppressed beneath a hardwood canopy.
Cooperate with seed-banking and genetic research efforts whenever possible.

Spruce Restoration Goals
Based upon the mapping completed for the region, and a consensus based process within the SASRI
network, we determined the following spruce restoration goals:
Restoration Goal: Restore spruce to natural abundance in ecologically appropriate locations where
canopy density has been reduced.





Make final determination of ecologically appropriate locations based on field evidence,
ecological site characteristics, and history, using the restoration criteria found in the Southern
Appalachian Spruce Restoration Plan.
Estimate need and guide field assessment by mapping estimated appropriate areas, using
terrain data and mapping of existing spruce cover. Prioritize areas with 1 -25% existing spruce
cover, along with areas where spruce was known to occur and is now absent or only in the
understory.
Increase connectivity within now-fragmented spruce areas by prioritizing restoration in
ecologically appropriate locations between remaining patches.

Restoration Goal: Develop capacity to store seed and to grow genetically appropriate spruce seedlings
to support resilient restoration projects in the face of climate change.
Restoration Goal: Continue to refine mapping and field criteria to determine appropriate restoration
sites, with new research and continued assessment of existing data.
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Spruce Restoration
Members of SASRI held several discussions to determine a set of restoration criteria that could be useful
to land managers as they make decisions about restoration activities. The following descriptions reflect
the consensus gained during those discussions.
Restoration defined
For the purposes of this document, we define restoration as intentional actions taken to move an
altered system toward a reference condition. The reference condition for Southern Appalachian sprucefir forests can be found in the following section and associated Appendices. Restoration will generally
be aimed at increasing the amount of spruce in places where its abundance has been reduced, and may
involve enhancing associated species as well. Restoration activities may include planting of seedlings,
releasing naturally established spruces from competition, removing competing vegetation through
selective cutting or girdling, replacing nutrient cations through liming, and monitoring to ensure that
spruces are reaching their appropriate ecological potential.
The following restoration criteria are designed to be used by the land manager seeking to achieve
restoration of spruce-fir forests where they naturally occur. Land managers may wish to establish
spruce in other areas for other reasons. These may include habitat enhancement for Carolina northern
flying squirrel or other species of concern, or providing riparian stabilization where Eastern hemlocks
have been lost due to the effects of the hemlock woolly adelgid. The criteria may or may not be useful
to land managers seeking to achieve goals other than restoration.

Reference condition
A thorough description of the reference conditions for spruce forests in the Central Appalachian region
was completed by Diggins, et al in 2014 (Appendix A) for use by the Central Appalachian Spruce
Restoration Initiative (CASRI). A similar thorough description has not been created for the Southern
Appalachians. Extensive literature on early conditions and on unlogged forest remnants provide
description of the Southern Appalachian spruce-fir forests. Though not compiled in a similar way, this
literature, coupled with the Central Appalachian reference condition and the Central and Southern
Appalachian Spruce-Fir Forest Landfire biophysical setting model (Appendix B), provides a sufficient
description to begin restoration work in this region. However, more literature synthesis and additional
study would be appropriate to clarify reference conditions. The existing material is best suited to
spruce- and spruce-fir-dominated forests in the middle of their elevational range, and perhaps at the
highest elevations. Details of the lower elevation spruce and spruce-hardwood forests are less well
described in the literature, and more work on reference conditions in this area is particularly needed.
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Restoration criteria
There are virtually innumerable elements for a land manager to consider while making a management
decision. Some of the primary elements to consider are the mission and goals of the agency, the specific
desired condition for the area under consideration, the wildlife and resource benefits, and the public or
recreational values of the location. In the end, there are often multiple reasons for each management
decision. The following list is designed to be a useful tool in making management decisions and is not
intended to dictate protocols to any specific agency or action. However, as a network, SASRI encourages
the use of this list when making decisions regarding spruce restoration efforts or any high-elevation
management. Additionally, this information was the best available information at the time this plan was
written (2014-15). We are constantly learning new things and SASRI encourages an adaptive
management approach.
The following is a prioritized list of criteria that should be considered when determining a suitable site
for spruce restoration efforts.
1. History:
Historical evidence of the presence of spruce at the site should be the highest priority for
manager’s consideration. We know which large sites (mountain ranges) historically had spruce,
but we do not have detailed knowledge of the boundaries of spruce forests within most ranges.
In particular, the lower elevation boundaries are not generally well known. Please see Appendix
F and G for annotated bibliographies that can aid in this effort. We propose the following
hierarchy of sites.
a. Spruce is known to have been present at that specific location. There should be
widespread agreement that these are good restoration sites.
b. Spruce is known to have been present nearby, on the same mountain. These sites
should be evaluated based on environmental criteria and landscape patterns for
evidence that spruce restoration is appropriate.
c. No direct evidence of natural spruce presence in historical or late prehistorical time.
These are not good restoration sites, unless some form of compelling indirect evidence
of spruce is available.
2. Elevation:
In the Southern Blue Ridge ecoregion, spruce-fir forests only exist at the highest elevations. This
is the single most important environmental criterion for consideration. Sites below 4200 feet in
elevation should not be considered for restoration, except in the cases of rare valley bottom
occurrences. (Busing, White and MacKenzie, 1993). Sites above 4200 feet should be considered,
but it should be remembered that spruce is a small part of the landscape below about 5000 feet
in the Southern Appalachians. Most sites below this elevation will not be appropriate for
spruce, or reference condition will consist of mixed forests. In addition, the lower elevation
sites, already climatically marginal for spruce, are likely to become more marginal in the future
with increasing temperatures associated with climate change.
3. Topography
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Spruce is a moisture loving species and consideration of site specific rainfall and cloud cover are
very important. Combinations of the following criteria should be considered when looking at a
specific location. (Koo, Patten and Teskey, 2011). At higher elevations, mountains have greater
precipitation, lower temperatures, and are frequently immersed in clouds, and any topographic
site is suitable for spruce. At more marginal, lower, elevations, mesic sites are most suitable.
Sheltered landforms are inherently more mesic than ridgetops, and the following criteria may be
useful.
a. Aspect: At lower elevations, North or East facing slopes are generally the preferred
habitat for spruce restoration efforts because they are more sheltered, and have greater
moisture. However, this is subject to change based on local conditions. (Busing et al.
1993 and McNab, Holbrook and Oprean, 2010). (NW, N, NE, E are considered mesic
aspects)
b. Landform (sheltered vs. ridge): Spruce restoration efforts at lower elevations are likely
to be more successful in a more sheltered (i.e. concave) landform rather than on an
exposed ridge top. (McNab et al. 2010). This would include most riparian areas. Note
that there is the possibility of beech gaps, natural spruce-free patches on concave areas
at the top of ridges (gaps) or just below the ridge top.
c. Soils: Spruce prefers a deep organic horizon which helps retain moisture. (Springer,
1984). Currently, reliable soil data may not be present for all potential restoration
locations and was, therefore, not considered in the analysis. However, when and where
reliable soil information can help inform managers, it should be used.

Climate Change and Spruce Restoration
Any efforts to restore red spruce to the Southern Blue Ridge must consider the possible implications of
climate change. SASRI requested assistance from the Template for Assessing Climate Change Impacts
and Management Options (TACCIMO) to provide the best available information to managers. The key
points from their assessment are listed below and their complete report can be found in Appendix C.






The potential for extirpation of red spruce from its southern range is possible, especially at
lower elevations.
Interactions with disturbance agents and stressors may influence red spruce persistence,
even where climatic conditions remain suitable.
Populations of red spruce that have tolerated climate variability (warmer temperature and
drought) in the past may provide important insight into where the best opportunities for
restoration exist.
Research is needed to better understand and project changes in cloud base elevations and
other micrometeorological conditions important to red spruce in a changing climate.
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Methods and Map Results
The Spruce restoration planning effort resulted in the creation and use of several datasets that are
available for use by anyone who may want to use them. Because individual land managers may wish to
look at different aspects of this data, we choose not to provide individual maps, rather, we are providing
a list of the datasets used and some recommendations for their use.

Recommended uses:
The datasets described below can best be used in conjunction with the spruce restoration criteria. We
have consistent datasets that show 1) the current distribution of spruce 2) the best information
available depicting the historic distribution of spruce at a landscape scale 3) elevation and topographic
conditions preferred by spruce. Combined, these can be used to prioritize spruce restoration locations.
An example of how these datasets can be combined to prioritize restoration locations can be found in
Appendix E.

Dataset Description:
Current Spruce Units (CSU) - This vector polygon geospatial dataset depicts the distribution and
abundance of red spruce (Picea rubens) in the Southern Blue Ridge ecoregion, excluding public lands for
which red spruce had previously been mapped. The investigation focused on high elevation areas,
generally over 4,500 feet, where red spruce forests were known to exist historically. Red spruce was
mapped by visual interpretation of high resolution ‘leaf-off’ natural-color aerial imagery. For each forest
area containing red spruce, a variety of overstory and understory characteristics were estimated visually
including: the percentage of spruce canopy cover, general composition of the overstory, the presence of
spruce in the understory, and the presence of non-spruce evergreen vegetation in the understory. A
total of 11,174 CSU polygons were digitized with an average polygon area of 2.9 acres. The final
summary report for this work can be found in Appendix D.

Spruce-Fir Mortality – These vector polygon data depict the history of spruce-fir mortality across the
Southern Blue Ridge attributed to atmospheric deposition and caused by the Balsam wooly adelgid in
Frasier fir trees (Dull et al. 1988). The researchers mapped the extent and severity of spruce-fir loss
across the Southern Blue Ridge in order to: (1) delineate the boundaries of spruce-fir forest and map its
range in the Southeast; (2) classify and map the amount of mortality; (3) analyze the relationship of this
mortality to other geographic features.
These data were digitized by scanning and georectifying the published maps, and on screen digitizing the
mortality polygons. The digitized lines were kept close to the hand drawn lines in most instances.
However, they were shifted slightly to follow geographic features such as ridgelines, roads, railroads,
and trails where it seemed obvious to the GIS analyst that the polygon boundaries corresponded to such
feature.
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Wildfire History – These data depict the extent of historic wildfires in the Southern Appalachian
Mountains. The data show two significant wildfire events that occurred in the Great Balsam Mountains,
a 1925 wildfire and a 1942 wildfire. These data were digitized by scanning and georectifying a paper
map (supplied by C. Kelly, North Carolina Wildlife Resource Commission) with the extent of the wildfires
hand drawn on them and on screen digitizing the wildfire boundaries in a GIS. The digitized lines were
kept close to the hand drawn lines on the source data, however they were shifted slightly so that they
followed geographic features such as ridgelines, river corridors, and roads where it seemed obvious to
the GIS analyst that the fire extent corresponded to such feature. The digitized data were verified as
correct by North Carolina Wildlife Resource Commission staff.
Disturbance History of the Spruce-Fir Zone of Mt. Rogers National Recreation Area (NRA) and the
Black Mountains – These data detail the disturbance history of spruce-fir forest in the Mount Rogers
National Recreation Area and Black Mountains (Pyle & Schafale 1988). These data were digitized by
scanning and georectifying the published maps and on screen digitizing the disturbance polygons. The
digitized lines were kept close to the hand drawn lines in most instances. However, they were shifted
slightly to follow geographic features such as ridgelines, roads, railroads, and trails where it seemed
obvious to the GIS analyst that the polygon boundaries corresponded to such features.
National Elevation Dataset (NED) - The National Elevation Dataset (NED) is the primary elevation data
product produced and distributed by the USGS. The NED provides the best available public domain
raster elevation data of the conterminous United States, Alaska, Hawaii, and territorial islands in a
seamless format. The NED is derived from diverse source data, processed to a common coordinate
system and unit of vertical measure. All NED data are distributed in geographic coordinates in units of
decimal degrees, and in conformance with the North American Datum of 1983 (NAD 83). All elevation
values are provided in units of meters, and are referenced to the North American Vertical Datum of
1988 (NAVD 88) over the conterminous United States. The vertical reference will vary in other areas.
NED data are available nationally at resolutions of 1 arc-second (approx. 30 meters).
Geomorphons Protected Landforms- Geomorphons is a pattern recognition analysis of a digital
elevation model that reports back 10 common landform elements: Summit, Ridge, Shoulder, Spur,
Slope, Flat, Footslope, Hollow, Valley, and Depression (Jasiewicz and Stepinski 2013). A geomorphons
dataset was generated from the NED covering the entire Southern Appalachians. From the initial
geomorphons analysis, areas classified as depression, valley, footslope, and hollow at elevations lower
than 5,500 feet were selected. For elevations greater than 5,500 feet all landform classes were selected.
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Common conditions for restoration consideration

Lands considered for spruce restoration generally fall into three categories: 1) not logged/uncut; 2)
logged but not burned; 3) logged and burned. Each of these produces different conditions for land
managers to consider. The following sections make general recommendations for each of the
conditions. These are not intended to be strict rules, rather helpful guidelines to be considered in
conjunction with site specific information.
Uncut Stands:
Stands that were never logged are likely in fair to good condition as the impacts to them are from air
pollution or Balsam woolly adelgid. If damage from either of these impacts resulted in a substantial loss
of overstory, planting may be considered. In addition, if acid deposition is a suspect then the land
manager may want to collect soil and water samples to evaluate if there is an adequate amount of
nutrient base cations to support healthy spruce and fir. There may also be site specific impacts such as
development, road construction or other forms of fragmentation that should be considered. Otherwise,
these locations do not need restoration and instead should be monitored as potential reference
locations.
Logged but not burned:
These areas tended to regenerate in conifer forests, or mixed forests, but current conditions of these
areas can be variable. Several more common conditions are discussed here. Fraser fir often increased
in abundance in unburned spruce-fir forests after logging. A seed source of spruce usually remains in
these areas, and spruce can be expected to increase over time without aid. Given the widespread
mortality of Fraser fir, it is seldom a barrier to spruce expansion. However, areas where dead fir stands
have been replaced by blackberries and do not show tree regeneration may be good candidates for
spruce-fir restoration. In lower elevation stands, logging of spruce may have increased the proportion
of yellow birch, and in some areas, briars. If spruce is present, it can be expected to naturally return to
its former abundance in time. However, if loss of spruce can be documented, removal of some birch to
release spruce saplings may be appropriate.
One condition that should be considered for restoration would be stands that are in a dense, stagnant,
even aged/plantation condition. Most naturally regenerated spruce or fir stands will develop unevenaged structure over time on their own, through natural gap formation. But some stands that are very
dense may remain in an overcrowded state, sometimes for multiple decades. The picture below was
taken near the peak of Whitetop Mountain in Southwestern, Virginia. Historic photos along with cores
of these trees show that the stand has remained in this condition for over one hundred years.
Introducing gaps into the canopy by girdling individual trees could provide much needed structural and
age diversity and move the stand toward the reference condition (Fraver and White 2005)).
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Jay Martin in even aged stand of spruce near the top of Whitetop Mountain

Logged and burned:
Generally speaking, stands that were logged and burned, particularly if the fire was severe, did not
regenerate in conifers. These stands may now be in a condition completely dominated by hardwoods,
or have very little spruce component, or have few trees of any kind. Spruce plantations were planted
following the logging boom in some of these areas. Our highest priority for restoration should be in the
locations where we have historical information that spruce once existed and is now no longer found or
found only as small regenerating trees in the understory. In large areas at higher elevations, no tree
canopy is present, and the land is occupied by shrubs or grasses. In these cases, planting of spruce
seedlings may be all that is necessary. However, cutting or chemical control of competing vegetation
around planting sites may be needed. For many wildlife benefits, a mixed stand of spruce and northern
hardwoods is a desired condition, and this is the natural condition of most lower elevation spruce areas.
However, increased presence of hardwoods may inhibit growth of spruce trees into the canopy. While
the shade tolerance of spruce makes it likely that it will eventually increase in the canopy where a seed
source is present, restoration activities may be beneficial to speed recovery. The appropriate
restoration activities depend upon the presence of advanced regeneration of spruce in the understory
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(Battles and Fahey, 2000). If advanced regeneration is present, it is likely that girdling nearby trees that
overshade the saplings would be beneficial. However, if seedlings or saplings are not present, planting
of spruce in natural canopy gaps, or in gaps created by girdling trees may be necessary.

Jay Martin showing advanced regeneration of spruce in a mixed northern hardwood/spruce stand.
Balds:
Throughout the region there are high elevation grasslands and shrublands generally known as balds. In
some cases, such as at Roan Mountain, these are documented to have been present in the earliest
history and are presumed natural. In other cases, such as the Great Balsam Mountains and Mount
Rogers, they are known to have been created from spruce-fir forests by logging and burning. In some
other cases, historical data are lacking and it is not known if openings are naturally occurring balds or
historically created by man (e.g., grazed, logged and burned). However, they are often much loved
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locations and any efforts to convert them to spruce forests should be very carefully considered by land
managers. Based on elevation alone, these locations might be excellent for spruce restoration.
However, other factors must be considered including the habitat benefits of the balds themselves, the
costs of maintaining the open condition, and any management direction of the owner/agency. The list of
restoration criteria may be a useful tool to help managers make this determination. In cases where land
managers have made the decision to convert these areas to spruce-fir forests or mixed spruce/northern
hardwood forests, planting is the primary method for achieving this goal.

Whitetop Bald with spruce
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Conclusions and Next Steps
Planning Needs





Some areas were left out of this analysis; chief among them is Grandfather Mountain and Long
Hope Valley. Mapping these areas for current spruce cover is a very high priority.
Need to provide review of spruce restoration efforts on forest service lands via NEPA process
and explore the possibility of a NEPA document covering the entire Southern Blue Ridge
(landscape-scale NEPA).
Need to determine strategy for working with managers of designated Wilderness Areas where
high priority spruce patches exist and it is felt restoration is desirable.

Planting and Propagation Needs







Need to ensure that nursery space is available for additional spruce seedlings needed for
restoration efforts.
Need to continue to share information on best available techniques for propagation and
planting.
Need to coordinate seed collection efforts during “bumper crop” years.
Seed orchard establishment (for a stable supply of seed)
Development of a seed zone map, based on collections (especially to ensure we have collected
from as much as the range as possible)
Genetic diversity studies (to be done by the Forest Service, National Forest System & Southern
Research Station & NFGEL (National Genetics Lab).

Research Needs





Monitoring plantings to improve techniques
o

Compare fate of different types of seedling (e.g., gallon potted vs. plugs of different ages).

o

Compare survival of seedlings grown or planted with or without an added mycorrhizal fungi or
soil amendment.

o

Monitor fate of seedlings planted in different forest structural conditions (e.g., canopy gap vs.
closed canopy vs. manipulated canopy or dense vs. sparse herb or briar layer).

Clarify and better document the reference condition for spruce forests in the Southern Blue
Ridge especially at the lower elevational ecotone.
Identify the range in soil and foliage nutrient cations needed to support healthy red spruce and
Frasier fir.
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Appendix A. Reference Conditions of Central Appalachian Spruce Forests
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What Is A Reference Condition?
Ecological restoration attempts to return an ecosystem to a state that existed prior
to a major disturbance. Since the majority of ecosystems in the United States were
negatively impacted by Euro-American settlement, disturbance typically refers to
ecosystems that were altered by human activities (e.g., logging, fire suppression, cattle
grazing, river channelization). Desired restored states are within an ecosystem’s historical
range of variability, which encompasses the fluctuations of conditions and processes within
an ecosystem over time (Morgan et al. 1994), taking into account the dynamic complexity
inherent in that ecosystem (Egan and Howell 2001). Because an ecosystem cannot be
restored to its historical range of variability without knowledge of the conditions that
existed prior to disturbance (Egan and Howell 2001), information on pre-disturbed
ecosystems is crucial in guiding restoration efforts (Covington and Moore 1994, White and
Walker 1997).
Reference conditions are sources of information that help restoration ecologists
understand the historical range of variability of an ecosystem prior to disturbance, which
guides restoration goals, site selection, and evaluation of restoration treatments (White
and Walker 1997, Egan and Howell 2001). Reference conditions are determined by
obtaining and interpreting data from references such as historical accounts, historical
photographs, early land surveys, undisturbed areas of the ecosystem (e.g., old-growth
forest stands), and dendrochronology studies. Reference conditions can be limited spatially
and temporally (White and Walker 1997, Egan and Howell 2001), especially in relation to
the time since the disturbance and the extent over which the disturbance occurred.
Additionally, information on pre-disturbance conditions may be limited for certain
ecosystems. Although selecting and applying reference conditions to restoration may be
difficult, it is fundamental to the concept of ecological restoration (Fulé et al. 1997, White
and Walker 1997).
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Reference Conditions for Spruce
Time of Reference
The first step in determining reference conditions for spruce restoration in the
Central Appalachians is to select a time of reference. Industrial logging activities began
around the turn of the 20th century (Clarkson 1964, Pielke 1981). These logging activities
and associated fires are the primary disturbance factor that affected the structure,
composition, and extent of spruce forest in eastern West Virginia and western Virginia
(Hopkins 1899, Fernow 1905, Newins 1931, Allard and Leonard 1952, Clarkson 1964).
Therefore, our time of reference for CASRI spruce restoration efforts is prior to the
beginning of industrial logging in the 1880s. As we are considering mature forests
dominated by a long-lived and very shade tolerant species, choosing this time implies that
environmental conditions and disturbances occurring many centuries before 1880 are
incorporated in our reference conditions.
Reference Conditions in the Literature
Sources we used for red spruce-dominated forests of West Virginia and the
Appalachians (Table 1) describe many components of spruce-dominated forests in the
Central Appalachians. Although some sources are from the northern and southern
Appalachians, we chose to include them as the best available published literature.
Composition
Historic accounts indicate that red spruce formed nearly pure stands on the high,
rocky ridges and plateaus, where nutrient-poor soils and abundant moisture favored
spruce over hardwoods (Hopkins 1899, Brooks 1910, Korstian 1937, Clarkson 1964 and
references therein, Core 1966 and references therein). On high elevation slopes where
soils are deeper and slightly more fertile, hardwoods or a mixture of hardwoods and spruce
predominated (Hopkins 1899, Brooks 1910, Allard and Leonard 1952). However, some
accounts suggest that spruce was dominant on the deep, rich, limestone-derived soils that
form the floor of Canaan Valley (Strother 1853, Brooks 1910, Allard and Leonard 1952,
Clarkson 1964 and references therein, Core 1966 and references therein, McClinton 1996),
as well as on the limestone and shale plateaus in the vicinity of the Sinks of Gandy (Hopkins
1899). Hopkins (1899) and Brooks (1910) also indicated that red spruce predominated on
the deep, moderately infertile shale-derived soils near the head of the Greenbrier River.
Old growth studies (Oosting and Billings 1951), historic accounts (Shreve et al.
1910, Core 1929), and witness trees (Thomas-Van Gundy et al. 2012) are good sources of
information on associated species, with some sources including herbs and forbs. In
Virginia, studies of old-growth stands show that hemlock and yellow birch are the species
most consistently associated with red spruce (Adams and Stephenson 1991). A study by
Adams and Stephenson (1989) displayed that four old-growth sites in West Virginia and
Virginia display the variety of species composition found in spruce-dominated forests. At
one site 100% of the overstory is comprised of three species (hemlock, red spruce, and
yellow birch) while at the other sites, three to seven other species have importance values
greater than 0.6 (Adams and Stephenson 1989). For east central West Virginia, red spruce
witness trees were associated with beech, birch, and hemlock more frequently than
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expected by chance and with basswood in one ecological subsection (Thomas-Van Gundy et
al. 2012).
There is great variety in these spruce-dominated communities including species
composition and landscape position among other factors. Red spruce-dominated upland
and lowland community types have been classified for West Virginia (Byers et al. 2007,
2010). While these classifications are based on data from current, largely second-growth,
Byers et al. (2007, 2010) classifications support historic accounts of strong spruce
dominance on rocky ridges.
Structure
Spruce-dominated old-growth forests of West Virginia and Virginia include many
individual dead spruce, making up 36% of all spruce stems and 44% of the total basal area
(Adams and Stephenson 1989). Annual mortality has been estimated at about 1% for
spruce-fir forests of North Carolina and Tennessee (Busing and Wu 1990) which is similar
to the rate found in second-growth red spruce-northern hardwood forests of West Virginia
at 1.4% (Rentch et al. 2010). Diameter distributions of old growth stands show large
numbers of small diameter trees mixed with scattered large trees that contain most of the
basal area (Korstian 1937, Oosting and Billings 1951, Adams and Stephenson 1989, Busing
and Wu 1990, Nicholas et al. 1992). Sizes of canopy gaps in spruce-dominated old-growth
forests across northeastern North America have been found to have means of 24 to 126m2
(Seymour et al. 2002). For spruce-fir forests in Tennessee, major natural disturbance
regimes include fire, debris avalanches, and wind with return intervals of more than 1,000
years for large gaps (greater than 200m2 from fires and debris avalanches) and 100 years
for small gaps (less than 200m2from wind events; White et al. 1985). Fire and debris
avalanches are not likely to play as large a role in the spruce-northern hardwood forests of
West Virginia, although the role of fire after exploitative logging of the 1900s is well
documented (Clarkson 1993). In northern Appalachian old-growth forests dominated by
spruce and fir, no evidence of stand-replacing disturbances was found in the tree ring
record (Fraver and White 2005; Fraver et al. 2009).
As spruce forests are dominated by a very shade tolerant and long lived species, we
can infer that vertical and horizontal heterogeneity was high before the 1880s. Subdominant trees in old-growth stands in West Virginia and Virginia were found to have a
mean age of 157 years (Adams and Stephenson 1989). In the southern Appalachians, red
spruce required multiple release events to reach the canopy (Wu et al. 1999). Sprucedominated old-growth in both Tennessee and New Hampshire were determined to have
uneven-aged structure (Oosting and Billings 1951).
Soils

Soils harbor tell-tale signs of past red spruce occurrence through the presence of
spodic materials. In West Virginia spodic materials are formed by organic acids produced
from decomposition/leaching of coniferous and/or ericaceous plant litter strongly reacting
within the soil matrix. This soil chemical condition facilitates the transfer of humus and
poorly crystalline aluminum and iron from surface to lower horizons. This process is called
podzolization (Lundstrom et al. 2000). Spodosols are identified if the horizons made of
spodic materials are well developed and meet criteria of a spodic horizon (Soil Survey Staff,
2010). If the soil does not have a spodic horizon, but does contain spodic material, a Spodic
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Dytrudept is identified. Spodosols or Spodic Dytrudepts serve as definitive markers that
conifers once existed on a site.
Spodosols develop within cool, humid climates beneath conifers and thick snow
packs (Ciolkosz et al. 1989; Ugolini et al. 1990; Schaetzl and Isard 1996) — conditions that
exist at high elevations in West Virginia. Past research verified Spodosol occurrence in
West Virginia (Stanley and Ciolkosz 1981) and very small areas of Spodosols are identified
in the Randolph, Tucker, Pocahontas, Pendleton, Webster, Grant and Greenbrier County soil
surveys. Researchers also studied Spodosols at points southward along the Appalachian
Chain (Lietzke and McGuire 1987). Soils with spodic tendencies in the southern
Appalachians have been recognized as early as the 1980s, leading to proposals for spodic
subgroups for Dystrochrepts and Haplumbrepts (Lietzke and McGuire 1987). Although the
existence of spodic horizons does not necessarily equate directly to red spruce as hemlock
co-occurs as well throughout much of the former distribution of red spruce, it suggests the
cool, humid, boreal climate targeted for restoration.
Extent

In the Central Appalachians, early investigations of spruce forests during the
industrial logging period estimated that spruce ranged from half a million to 1.5 million
acres (Hopkins 1891, Hopkins 1899, Newins 1931, Core 1950). Spruce occurred down to
2,300 feet in elevation, but it was most abundant at 3,000 feet or more (Hopkins 1899).
Pure stands of spruce were common in many areas over 3,200 feet in elevation, typically
occurring on well-drained flats and slopes (Core 1950).
Based on the analysis of witness tree locations for the Monongahela National Forest,
spruce witness trees in the Western Allegheny Mountains ecological subsection were found
at lower elevations than non-spruce witness trees with an average elevation of about 2,000
feet (Thomas-Van Gundy et al. 2012). This may represent scattered individual spruce
located on valley landforms and representative of all red spruce ecosystems considered for
restoration. However, the witness trees do show differences between ecological
subsections and the locations of red spruce, reminding restoration ecologists to be mindful
of the range of ecological settings considered possible for restoration actions.
Linking Reference Conditions to Restoration
Once reference conditions are evaluated, they can be used to inform the restoration
process (Fulé et al. 1997, White and Walker 1997). For example, after industrial logging in
the Central Appalachians, the majority of spruce forests returned as hardwood forests with
components of spruce in the understory. Understanding the past extent of spruce forests
versus the current extent can highlight focus areas for restoration, especially if
management goals are to create corridors between disjunct habitat patches (Figure 1).
Although reference conditions are critical to the restoration process, it is important
to understand that reference conditions are guidelines and other factors (e.g., social
implications) may influence goals of a restoration project. Additionally, it is important to
understand that ecological restoration is not a stagnant process with blanket treatments,
but a highly variable process which is inherently experimental (White and Walker 1997).
Restoration treatments require on-going management and evaluation over time (Fulé et al.
1997, Kuuluvainen et al. 2002), highlighting the importance of adaptive management
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(Diggins et al. 2010). Ecosystems are rarely restored with one treatment (Roccaforte et al.
2010), but may require multiple treatments prior to becoming self-sustaining (Covington et
al. 1997, Kuuluvainen et al. 2002).
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Figure 1. Historical range of red spruce (Picea abies) in the Central Appalachians based on
Byers et al. 2013.
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Table 1 – Literature available for determining historic reference conditions for red sprucedominated forests.
Type of
Citation
Area of Study
Key Findings
Reference
Old-growth
Adams and
WV and VA
 Dead spruce made up
study
Stephenson 1989
36% of all spruce stems
and 44% of the basal
area
 Size class distributions
for red spruce
 Low species richness in
herb and shrub strata
 Sub-dominant trees had
mean age of 157 years
Adams and
VA
 Hemlock and yellow
Stephenson 1991
birch most consistent
associated species
 Acidic sandy loam soils
with high moisture and
organic matter
Busing and Wu 1990 NC and TN
 Annual mortality about
1%
 Small and large trees
mortality rate of 0.7%
 Intermediate-sized trees
mortality rate of <0.5%
Fraver and White
ME
 No evidence of stand
2005
replacing disturbances
in tree ring record
 Pulses of moderately
severe disturbances
over a background of
small, scattered canopy
gaps
 Calculated gaps sizes
 percent of canopy
disturbed was on
average 10% every
decade; rarely exceeded
35%; range of rates may
be more important than
means
 Peaks in disturbance
correspond to spruce
budworm outbreaks
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Fraver et al. 2009



ME




Oosting and Billings
1951

TN and NH







Seymour et al. 2002

Northeastern
North America





White et al. 1985



TN



Wu et al. 1999



TN
28

No evidence of stand
replacing disturbances
9.6% canopy loss per
decade
Patches in stages of
structural development
not in stages of
compositional
succession; shade
tolerant dominated
system
Species lists, including
herbs, mosses, and
liverworts
Stems/ac and basal
area/ac by stand for
trees and shrubs
Tree size did not always
correspond to tree age
Uneven-aged structure
Northern and southern
forests quite similar
Canopy gaps - mean size
24-126m2, return
interval 50-200 years
Stand replacing wind –
14-93 ha, 855-14300
years
Stand replacing fire – 2200ha, 806-9000 years
Fire, debris avalanches,
and wind included in the
natural disturbance
regimes with return
intervals of more than
1,000 years for large
gaps (>200m2) and 100
years for small gaps
(<200m2)
Area affected 0.1% by
large gaps, 5-20% by
small gaps
Relative and absolute
densities of stands
Multiple release events



Early land
survey

Abrams and McCay
1996



WV



Thomas-Van Gundy
and Strager 2012

WV



Thomas-Van Gundy
et al. 2012

WV







Historic
account

Allard and Leonard
1952



WV
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may be needed for red
spruce to reach canopy
Release events before
canopy recruitment
were from small and
frequent gaps
Spruce in coves and
valley floor in Ridge and
Valley province
Spruce on mountaintop, SE slopes, coves,
and valley floors in
Allegheny Mountains
Maps showing witness
tree locations, clusters,
and interpolated surface
with probability of
occurrence
Red spruce in the
Western Allegheny
Mountains subsection at
significantly lower
elevation than other
species, elsewhere
spruce at higher
elevation
Indicator specs found
spruce associated with
toe slopes, benches, and
valleys, NE aspects, and
Mandy soils
Associated with beech,
birch, and hemlock
across study area and
basswood in Eastern
Allegheny Mountain and
Valley subsection
Variety of landscape
positions – ridges, valley
floor, mountain slopes
Associated tree, shrub,
and forbs/herbs
Descriptions of the
aftermath of fire and
logging

Brooks 1910



WV





Core 1929

WV




Core 1966

WV




Clarkson 1964



WV


Egleston 1884



WV





Hopkins 1891



WV
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Brief descriptions of
pre-logging forest
species composition for
most of WV
10% of the timber in
Tucker County was red
spruce on the high
mountains in the
southern end eastward
from Backbone
Mountain
Spruce dominant on
high ridges, Canaan
Valley, headwaters of
Greenbrier River
Species lists
descriptions of burned
areas
Re-telling of early
accounts of forest
composition in WV
Spruce dominant on
high ridges and in
Canaan Valley
Re-telling of early
accounts of forest
composition in WV
Spruce dominant on
high ridges and in
Canaan Valley
Description of spruce
forests in Cheat
Mountain area – above
3,000 feet
Also known as yew-pine
Inaccessible in 1884
Locations of saw mills in
1880
Percent woodland by
county in 1870 and
1880
General extent of spruce
forest by county –
exceeded 500,000 acres
Patchy overstory death





Hopkins 1899




WV




Hough 1878



WV



Korstian 1937



WV



Lacey 1910



WV
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between 1880 and 1882
Larger trees more
affected than small
Results of survey sent to
lumber companies
about the spruce death
Black cherry replacing
spruce in Tucker County
Spruce on rocky areas
likely died from drought
Beetles had role as well
Detailed account of
beetle kill of spruce and
pine in WV during
1880s-1890s
Described original
extent and composition
of spruce forest in WV
Spruce predominant on
high ridges, Sinks of
Gandy, head of
Greenbrier River
Evergreen timber in the
mountains at 3,000 to
3,200 feet in south and
at 2,500 feet in the north
“Hemlock abounds most
in the Cheat River and
Greenbrier
Mountains…” should
this be spruce?
Nearly pure stands of
spruce on high, rocky
ridges
Stems per acre of oldgrowth stand
Results of early release
cutting
Locations and timing of
harvests of last virgin
stands in the Cheat and
Elk watersheds
Pure spruce on ridges,
spruce and hardwoods
on slopes (Cheat)


McClinton 1996



WV



Sargent 1884



WV




Shreve 1910

Western MD




Strother 1853

WV
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Logging of spruce on
Cheat watershed began
in 1902
Modern compilation of
journal of Thomas
Lewis’ survey of the
Fairfax line (1746)
Spruce predominant
along “River Styx”
(likely the headwaters
of the Blackwater River
in Canaan Valley)
Extent of spruce forests
by county and
sometimes nearby
towns
Spruce noted on the
Cheat river and
tributaries
Eastern limit of spruce –
headwaters of Elk and
Gauley rivers - meets
the western limit of
white pine belt in
Pocahontas County
Species lists
Occurrence of spruce on
different landforms
Account of an early
expedition to Canaan
Valley
Forest dominated by
“fir” and “laurel” (likely
spruce, hemlock, and
great rhododendron)

Appendix B. Landfire Biophysical Setting Model

33

34

35

36

37

38

39

Appendix C. TACCIMO Summary of Climate Change and Red Spruce
Restoration in the Southern Appalachian Mountains including an
annotated bibliography

Climate Change and Red Spruce Restoration in the Southern
Appalachian Mountains
Date: July 17, 2015
The following summary is based on literature and geospatial findings available from the Template for
Assessing Climate Change Impacts and Management Options (TACCIMO).
Literature Summary


The potential for extirpation of red spruce from its southern range is possible, especially at
lower elevations (Greenberg et al., Koo et al., 2015 2013; McNab et al., 2013; Potter et al., 2010;
Soulé, 2011).
 Interactions with disturbance agents and stressors may influence red spruce persistence, even
where climatic conditions remain suitable (Collins et al., 2010; Koo et al., 2015; McNulty et al.,
2010).
 Populations of red spruce that have tolerated climate variability (warmer temperature and
drought) in the past may provide important insight into where the best opportunities for
restoration exist (Collins et al., 2010).
 Research needed is better understand and project changes in cloud base elevations and other
micrometeorological conditions important to red spruce in a changing climate (Johnson and
Smith 2006; Berry and Smith 2012).
Geospatial Summary
Climate Atlas:
Iverson, L. R., A. M. Prasad, S. N. Matthews, and M. Peters. 2008. Estimating potential habitat for 134
eastern US tree species under six climate scenarios. Forest Ecology and Management 254:390-406.
http://www.treesearch.fs.fed.us/pubs/13412
Matthews, S. N., L. R. Iverson, A. M. Prasad, M. P. Peters, and P. G. Rodewald. 2011. Modifying climate
change habitat models using tree species-specific assessments of model uncertainty and life history
factors. Forest Ecology and Management 262:1460-1472. http://treesearch.fs.fed.us/pubs/38643
 Reduced extent of range and importance value across range, especially in the southern extent
 Very low adaptability score (see figure below)
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ForeCAST:
 Reduced extent of range
 Most important factors: solar interception, precipitation during the coldest quarter,
Temperature during the coldest quarter
Habitat Suitability Modeling in Great Smoky Mountains National Park:
Koo, K. A., Patten, B. C., & Madden, M. (2015). Predicting Effects of Climate Change on Habitat Suitability
of Red Spruce (Picea rubens Sarg.) in the Southern Appalachian Mountains of the USA: Understanding
Complex Systems Mechanisms through Modeling. Forests, 6(4), 1208-1226.

Figure 2. Changes in red spruce habitat suitability (zero to 100 scale) in the Great Smoky Mountains
National Park under climate change and three air pollution changes: (a) current habitat suitability
distribution (source: Koo et al. [12]); (b) habitat suitability under climate change with 10% increased air
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pollution; (c) habitat suitability under climate change with no increase of air pollution; and (d) habitat
suitability under climate change with 10% decreased air pollution.
TACCIMO- Annotated Bibliography
Summarized findings from the TACCIMO database for the keyword “red spruce” filtered to the Southern
Appalachian region.
Forest Health: Interactions With Other Factors
McNulty, S. G., & Boggs, J. L. (2010). A conceptual framework: Redefining forest soil's critical acid loads
under a changing climate. Environmental Pollution, 2053-2058.
There is potential for drought to interact with southern pine beetle to cause large red spruce die back
events, as was see in the Appalachian Mountains of western North Carolina in 2001 following a 3-year
drought.
Air Quality: Ozone
Soulé, P. T. (2011). Changing Climate, Atmospheric Composition, and Radial Tree Growth in a Spruce-Fir
Ecosystem on Grandfather Mountain, North Carolina. Natural Areas Journal, 31(1) 65-74. doi:
10.3375/043.031.0108
High elevation red spruce exposed to high ozone concentration may experience large photosynthetic
declines. Increased temperatures associated with climate change may increase ozone concentrations in
the future.
Recreation: Quality of Recreational Experiences
Hodges, D. G., Fogel, J., Dale, V. H., Lannom, K. O., & Tharp, M. L. (2009). Economic effects of projected
climate change on outdoor recreation in Tennessee. In: J. Gan, S. Grado et al. (Eds.), Global Change and
Forestry. Nova Publishers, 17-32.
Loss or reduction of spruce-fir forests could alter the sense of place and resulting recreational quality that
attracts visitors to the region.
Animal Communities: Mammals
Greenberg, C. H., Perry, R. W., Franzreb, K. E., Loeb, S. C., Saenz, D., Rudolph, D. C., ... & Tanner, G. W.
(2013). Climate Change and Wildlife in the Southern United States. In: Vose, J. M., Klepzig, K. D., eds.
Climate change adaptation and mitigation management options: A guide for natural resource managers
in southern forest ecosystems. Boca Raton, FL: CRC Press. 379-420
Even conservative future projections of climate in the region suggest a substantial decrease in spruce-fir
forests, which may impact habitat availability for the Carolina northern flying squirrel as early as midcentury.
Plant Communities: Temperate Forests
McNab, W. H., Spetich, M. A., Perry, R. W., Haywood, J. D., Laird, S. G., Clark, S. L., ... & Buchanan, M. L.
(2013). Climate-Induced Migration of Native Tree Populations and Consequences for Forest
Composition. In: Vose, J. M., Klepzig, K. D., eds. Climate change adaptation and mitigation management
options: A guide for natural resource managers in southern forest ecosystems. Boca Raton, FL: CRC
Press. 307-378
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The spruce-fir ecotone (restoration suitable elevation) may shift upward in elevation by 238-460m by
2060.
Plant Communities: Alpine & Boreal Forests
Barnes, B. V. (2009). Tree response of ecosystem change at the landscape level in Eastern North
America. Forstarchiv, 80, 76-89.
Potential for local elimination of spruce-fir forests in the Great Smoky Mountains.
Plant Communities: Alpine & Boreal Forests
Soulé, P. T. (2011). Changing Climate, Atmospheric Composition, and Radial Tree Growth in a Spruce-Fir
Ecosystem on Grandfather Mountain, North Carolina. Natural Areas Journal, 31(1) 65-74. doi:
10.3375/043.031.0108
Despite the dependence of red spruce on cool and moist conditions, positive growth responses to warmer
conditions (especially warmer conditions during the prior winter) have been documented on Grandfather
Mountain.
Sustained warming may cause upward shift of deciduous forest resulting in a loss of spruce-fir forest and
associated diversity.
Plant Communities: Alpine & Boreal Forests
Potter, K. M., Hargrove, W. W., and Koch, F. H. (2010). Predicting climate change extirpation risk for
central and Southern Appalachian forest tree species (General Technical Report NRS-P-64). In: Rentch, J.
S., Schuler, T. M., eds. 2010. Proceedings from the conference on the ecology and management of highelevation forests in the central and southern Appalachian Mountains. 2009 May 14-15; Slatyfork, WV.
Newtown Square, PA: U.S. Department of Agriculture, Forest Service, Northern Research Station: 179189.
Predicted warming of 3 °C in mean July temperature and an associated shift of ~480 m in ecotones could
result in red spruce extinction in the region.
Red spruce may experience a minor expansion of habitat by mid-century (2050), but this habit gain is lost
by end-of-century (2100).
Plant Communities: Alpine & Boreal Forests
Johnson, D. M. & Smith, W. K. (2006). Low clouds and cloud immersion enhance photosynthesis in
understory species of a southern Appalachian spruce–fir forest (USA). American Journal of Botany,
93(11), 1625-1632. doi:10.3732/ajb.93.11.1625
As seen in tropical could forests, the ability to predict cloud base height is a critical variable needed to
understand the potential impacts of climate change on plan community composition. This is a research
need.
Plant Communities: Alpine & Boreal Forests
Collins, B., Schuler, T. M., Ford, W. M., & Hawkins, D. (2010). Stand dynamics of relict red spruce in the
Alarka Creek headwaters, North Carolina. In: J. S. Rentch, T. M. Schuler (Eds.), Proceedings from the
conference on the ecology and management of high-elevation forests in the central and southern
Appalachian Mountains; 2009 May 14-15; Slatyfork, WV. General Technical Report NRS-P-64. Newtown
Square, PA: U.S. Department of Agriculture, Forest Service, Northern Research Station: 22-27.
In the Alarka basin, Red spruce was observed to responds positively to warm previous- and current-year
fall temperatures, but is insensitive to monthly precipitation. The basin could serve as a refuge from
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summer temperature stress and drought. The basin also offers insight into what site characteristics make
red spruce resilient to climate variability.
Red spruce’s ability to tolerate climate fluctuations in the Alarka basin suggest that high elevation
populations may be able to withstand future climate change. Despite this, populations may remain
vulnerability due to disturbance agents (e.g., insect outbreak).
Plant Communities: Alpine & Boreal Forests
Berry, Z. C., & Smith, W. K. (2012). Cloud pattern and water relations in Picea rubens and Abies fraseri,
southern Appalachian Mountains, USA. Agricultural and Forest Meteorology, 162, 27-34.
doi:10.1016/j.agrformet.2012.04.005
Changes in cloud regimes are highly important to the persistence of spruce-fir in the region, but
predictions remain uncertain. This is a research need.
Plant Communities: Alpine & Boreal Forests
Koo, K. A., Patten, B. C., & Creed, I. F. (2011). Picea rubens growth at high versus low elevations in the
Great Smoky Mountains National Park: evaluation by systems modeling. Canadian Journal of Forest
Research, 41(5), 945-962. doi:10.1139/X10-243
High elevation red spruce growth declines in response to air pollution interacting with precipitation, while
low elevation habitats had minor negatives responses to water availability and radiation, in interaction
with temperature and precipitation. Different responses at different elevation support need for
comprehensive habitat-dependent management approaches.
Plant Communities: Alpine & Boreal Forests
Thomas-Van Gundy, M. A., & Sturtevant, B. R. (2014). Using scenario modeling for red spruce
restoration planning in West Virginia. Journal of Forestry, 112(5), 457-466.
While spruce forest loss associated with climate change is consistent with habitat suitability modeling,
mountainous area may be more resilient than those models would suggest, with thermal inversions and
cloud fog as examples of mitigating conditions.
Plant Communities: Alpine & Boreal Forests
Koo, K. A., Patten, B. C., & Madden, M. (2015). Predicting Effects of Climate Change on Habitat Suitability
of Red Spruce (Picea rubens Sarg.) in the Southern Appalachian Mountains of the USA: Understanding
Complex Systems Mechanisms through Modeling. Forests, 6(4), 1208-1226.
Modeling of red spruce in the Great Smoky Mountains National Park found that climate change interacting
with air pollution may cause both upslope and downslope habitat contractions.
Plant Communities: Alpine & Boreal Forests
White, P. B., Soulé, P., & van de Gevel, S. (2014). Impacts of human disturbance on the temporal stability
of climate–growth relationships in a red spruce forest, southern Appalachian Mountains, USA.
Dendrochronologia, 32(1), 71-77.
Prior growing season temperatures that are warmer than average may result in reduced growth the
following growing season. Possible explanations include: (1) late consumption of carbohydrates due to
extension of growing season and (2) frost damage due to late hardening from prolonger growing season.
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Appendix D. Nick Hollingshead Photointerpretation summary report
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Appendix E. Restoration Prioritization Example (Endries) maps found in
a separate file.
Datasets Used
National Elevation Dataset (NED)
NED Derived Aspect
Spruce Units (SU)
Pyle & Schafale Spruce history in the Black Mountains.

Methods
1.

Converted NED dataset to a polygon contour dataset with the following elevation breaks:
5,000 – 5,500 feet
5,500 – 6,000 feet
Greater than 6,000 feet

2.

Converted the NED derived aspect dataset into a polygon dataset. Utilized the simplify
polygons option during the conversion. Created an attribute to identify mesic aspects (NW, N,
NE, E, SE). Dry aspects are all other aspects not included in the mesic grouping.

3. Isolated the “Logged” categories out of the Pyle and Schafale Spruce History dataset.
4. Using the identity command in ArcGIS performed the following calculations:
a. Input NED polygon contour, Identity Aspect to result in Elevation_Aspect_Identity
b. Input Elevation_Aspect_Identity, Identity SU to result in Elevation_Aspect_SU_Identity
c. Input Elevation_Aspect_Identity_SU_Identity, Identity Pyle Logging to result in final
prioritization dataset.
5. With the final prioritization dataset the areas were ranked as follows:
a. > 6,000 feet in elevation and a spruce density less than or equal to 25% - Priority 1
(highest priority)
b. Area with a known history of spruce logging (from Pyle & Schafale) and a spruce density
less than or equal to 25% - Priority 1 (highest priority)
c. 5,500 – 6,000 feet in elevation with a mesic aspect and a spruce density less than or
equal to 25% - Priority 1
d. 5,500 – 6,000 feet in elevation with a dry aspect and a spruce density less than or equal
to 25% - Priority 2
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e. 5,000 – 5,500 feet in elevation with a mesic aspect and a spruce density less than or
equal to 25% - Priority 3
f. All other areas were given no priority.

Appendix F. Annotated bibliography (Diggins) found in separate file.

Appendix G. Annotated bibliography (Schafale) found in separate file.
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