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INTRODUCTION

This document presents a revised framework for the classification of natural communities in North
Carolina. Natural communities are central to the work of the Natural Heritage Program. Tracking
occurrences of good examples of them comprises a substantial portion of the program’s inventory
and database work. Natural communities are also primary drivers of land conservation decisions
by the North Carolina Land and Water Fund, by state land conservation agencies, and by some
private organizations. Classification of natural communities is also useful for a wide variety of
other purposes, including guiding research, organizing ecological information, characterizing
sites, and defining habitat for particular species.

Natural communities are important components of biodiversity, with the different kinds
representing different combinations of species interactions and of ecosystem processes. They also
represent a crucial means of conserving species diversity, as they offer a means of providing
representation for many of the poorly-known and untracked species that occur in them. The vast
majority of species are not tracked and most in the invertebrate and microbial realms have not even
been assessed for their rarity; many are not even known.

Increasingly important as the climate changes, natural communities also represent the variety of
physical environments as they affect the biota. Physical site stratifications may be done by slicing
important environmental gradients into units in many ways, but the sites representing the diversity
of natural communities as they exist today indicate the combinations of factors and their thresholds
that are also most likely to drive new communities of the future.

DEFINITION OF NATURAL COMMUNITIES
A natural community is defined as:

“a distinct and reoccurring assemblage of populations of plants, animals, bacteria, and
fungi naturally associated with each other and their physical environment.”

This definition implies an attempt to account for a wide variety of ecological components, so that
the units will represent differences in local-scale ecosystem function and structure, as well as
differences in species composition. It implies that we seek to define units that are the result of the
processes of nature, that differ in ways that are enduring and significant rather than transient or
minor, and that would be found again in other places with similar environments.

Natural community classification considers a wide range of ecological characteristics, including
vegetation composition and physiognomy, assemblages of animals or other organisms,
topography, substrate, hydrology, soil characteristics, other enduring site characteristics, and
prevailing natural disturbance regimes. It thus differs conceptually from classifications that are
based solely on vegetation, such as the National Vegetation Classification. In practice, however,
this large number of factors is tightly correlated, and the natural community units usually
correspond well to units defined by the vegetation that exists in the most natural, least altered
examples that can be found.



NEED FOR A NEW APPROXIMATION

The 3" Approximation was published in 1990. Much new information, experience, and
understanding have accumulated since that time. Indeed, the study of natural communities in North
Carolina has expanded as never before. Natural Heritage Program inventories have found hundreds
of new, good examples of natural communities. Numerous graduate studies and published
scientific papers offer new insights. The Carolina Vegetation Survey (CVS) has systematically
amassed the largest set of vegetation plot data ever collected in the state. The National Vegetation
Classification (NVC) has developed, offering different perspectives on the crucial vegetation
component of natural communities in North Carolina as well as giving information on
communities in other states. We now know of the importance of distinctions that were not
recognized in 1990, we know of kinds of communities that we didn’t know existed then, and we
have a better understanding of the nature of most of our communities.

One particular challenge has been a trend toward increased splitting of community units. The
NVC has much more finely divided units than the 3 Approximation. The demand for these more
detailed units, along with a desire to tie the North Carolina classification into the NVC as much as
possible, has been a major driver in the way the 4™ Approximation has developed.

Much remains to be learned about all of our natural communities and how they are related to each
other. This edition of the classification, as previous ones, is called an approximation. This is meant
to remind the user that, while it is the best synthesis of knowledge the author can offer at this time,
and can be useful, our understanding will continue to evolve.

DEVELOPMENT OF THE 4™ APPROXIMATION

Work on the 4" Approximation began in the late 1990s. Early drafts of the classification were
made available for field testing and review. These informed later development and the final form.
After the primary classification was worked out, the 4" Approximation Guide was completed in
2012. At that time, the Natural Heritage Program began using the classification as its primary
means of naming and tracking examples of natural communities and using them to rate site
significance. A commitment was made to provide a more detailed descriptive book for the
communities defined. This document is that detailed book.

The use of the classification through the ten years needed to complete this book has provided
additional testing and experience with the communities as they are defined. New research, new
development of the NVC, and new analysis of CVS data have led to new understandings of the
communities. Some new communities have been discovered. The draft descriptions have been
provided to botanists and ecologists and been available for peer review. For all these reasons, the
classification and the community units described here have evolved since 2012. A few units have
been dropped, a few added, the boundaries of a few changed, the relationship to the NVC has been
revised for some.

STRUCTURE OF THE CLASSIFICATION

The 4™ Approximation is structured largely the same as the previous editions. This includes limited
upper-level hierarchy, with the finer units, the primary focus, being called types, subtypes, and
variants. Subtypes are the units tracked by the Natural Heritage Program, in the way that varieties
and subspecies are tracked as the elements of biodiversity at the “species” level. Subtypes are the



scale the Natural Heritage Program considers appropriate to use as separate targets for biodiversity
representation. Subtypes are a similar ecological scale to the associations of the NVC, the primary
level viewed as biodiversity conservation targets when that classification was developed.

Variants are less formal, finer-scale divisions of subtypes, used to name recognizable differences
that are either too poorly known or considered too fine-scale to use as conservation targets.
Variants may also be the testing ground for new subtypes. Most of the subtypes newly recognized
in the 4™ Approximation were treated as variants in the 3" Approximation. The experience gained
from using them contributed to their adoption as subtypes.

Types are useful if a slightly coarser classification is desired, and they provide a way of tying
classification back to the 3" Approximation units. Most type-level units are unchanged between
the 3" and 4™ Approximations.

The community types are nested in biological themes. The 32 themes were defined in 1993 to
provide a meaningful coarser ecological classification for purposes where that was needed. Since
they were published in the 1993 Natural Heritage Program Protection Plan, they have seen
widespread use, including in the State Parks System Plans and the Wildlife Action Plan. Small
changes have been made in them here to fit the 4" Approximation. The themes are different from
the informal ecological groups that were used in earlier approximations and in the earliest drafts
of the 4™ Approximation. Using the ecological themes should increase the versatility of the 4"
Approximation, offering meaningful classification entities at three levels over a great range in
breadth. As with the previous grouping, the themes are a grouping rather than a top down
hierarchy. Some community types could reasonably be placed in two different themes.

A single additional top level of hierarchy consists of the wetland systems of Terrestrial, Palustrine,
and Estuarine. This roughly follows Cowardin et al. (1979). In that document, Riverine and
Lacustrine categories were considered deepwater areas only, and vegetated communities
associated with rivers and lakes are classified as Palustrine. Some deviation from Cowardin et al.
(1979) occurs in the floodplains and wet savannas, where some communities that are not generally
treated as jurisdictional wetlands are included as Palustrine because their ecological processes and
affinities are nevertheless driven by water and their closest affinities are with communities that are
jurisdictional wetlands.

CLASSIFICATION METHODS

CLASSIFICATION APPROACH

The 4" Approximation, as in previous approximations, uses an integrative approach which
considers all of the ecological characteristics that are known, and attempts to group them in ways
that they are naturally correlated. It attempts to find units that will go beyond simply describing
one kind of data and will allow predictions of patterns in ecological process and in unstudied biota
such as invertebrates. It is thus not a pure vegetation classification nor a pure ecological land
classification; it attempts to capture aspects of both. It classifies the environment, but from the
point of view of the biota. It classifies vegetation but based on how it responds to the environment.
It does not explicitly classify animal communities but it attempts to describe habitat in ways that
would affect assemblages of animals, especially of smaller and less wide-ranging animals.



The greatest emphasis is upon vegetation and upon readily observable aspects of the physical
environment such as topography, elevation, and wetness. This is justified because plants are good
indicators of the most important environmental influences, and they integrate the effects of those
influences over time. It is also necessary, because plants are most easily observable, and we have
much more information on them than on any other component. However, vegetation is interpreted
in light of what it tells us about the environment and how that may be important for animals and
other organisms. Differences in vegetation that indicate short-term fluctuations or human alteration
are downplayed; those that indicate prevailing natural disturbance regimes, soil fertility, moisture
levels, and other enduring environmental factors are emphasized. Conversely, aspects of the
environment that can be seen to affect the flora are emphasized. Aspects of the environment
considered likely to affect other biota without affecting vegetation may be used, but only if
confidence in their importance is high.

Potential 4™ Approximation types and subtypes were evaluated for suitability by a set of criteria:

e The unit represents a difference in enduring natural character and is not just a short-lived
part of a natural cycle. Communities that are parts of longer term, naturally shifting mosaics
are recognized if they will persist for a number of years or if they will not likely return to
the original state, while predictable and short-lived shifts are not recognized as different
types. Thus, beaver ponds are recognized in the classification, while the drastic differences
in vegetation stature that follow fire in pocosins but which fade in just a few years are
considered part of natural temporal variation within the same community.

e The unit’s distinctness is a result of natural environment and natural processes and is not
an artifact of a different history of human alteration. All existing community occurrences
have at least some human alteration, which we seek to understand. However, we use the
least altered existing examples, along with our knowledge of how things are altered, to
base classification on underlying natural characteristics.

e The differences between the unit and related units matter for biodiversity conservation.
They are great enough that we would not consider the units interchangeable for
conservation purposes but would seek to protect examples of both. They represent an
appropriate balance between broad brush ecosystems and a view of every site as
irreconcilably unique.

e The occurrences of the unit are at the appropriate spatial scale to be conservation planning
targets — "4 acre to hundreds or potentially thousands of acres, depending on the physical
structure and contrast with adjacent areas. Micro-ecosystems such as the mosses on fallen
logs in forests or on individual boulders may have strong contrast but are too small to be
practical conservation targets. (Being conservation planning targets does not mean that we
seek to conserve them without their landscape context, just that we must think about them
specifically to make sure they are conserved.)

e The unit is well enough understood that we would recommend conservation action on it. It
is well enough understood that other people can be told how to recognize it and to
distinguish it from related units.

Two additional major considerations in developing the 4™ Approximation were to minimize
disruption to users of the 3™ Approximation, and to provide as much commonality with the
National Vegetation Classification (NVC) as possible. Recognizing most of the new units at the
subtype level, while keeping most community types unchanged, means that most users familiar
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with the 3™ Approximation should easily be able to transfer that knowledge. All NVC associations
attributed to North Carolina were considered for creation of equivalent 4™ Approximation types or
subtypes. However, no such units were adopted without meeting the above tests. This led to
substantial one-to-one correspondence with the NVC but not complete agreement. Where units
were particularly uncertain, comments indicate that they are accepted provisionally. Others with
less confidence are treated as variants.

The 3™ Approximation names were changed only where there was a significant change in the
concept of the type or where new understandings or past confusion made a compelling case for a
I different name. Most community type names remain the same, and for many of the changes, the
connection to the old name should be apparent. A table of new names for which the 3rd
Approximation equivalent name is not obvious is included at the end of this introduction.

DATA SOURCES FOR CLASSIFICATION - QUALITATIVE AND QUANTITATIVE
DATA

The classification approach used here integrates several sources of quantitative and qualitative
information. Earlier approximations used what quantitative data and analysis were available, in
the form of published literature, as well as dissertations and unpublished theses. Most of these
were analyses of a range of vegetation in a single site or small region. A few were focused on a
narrower set of communities across their range or at least across a broader area. Much more
quantitative information is now available than was present in 1990. More studies of these two
kinds have been conducted. However, the Carolina Vegetation Survey (CVS) represents a major
new and distinct source of community data. Through “pulse” events involving hundreds of
volunteers over 26 years, and additionally pooling data from many other studies with compatible
sampling methodology, CVS has compiled a vast database of plant community plot data from
North Carolina and nearby states (Peet et al. 1998; Peet et al. 2012). The CVS data are far from
being fully analyzed, but analyses done on target groups of communities, by students and by the
CVS principal investigators, have provided tremendous clarification for some communities.
Additionally, the CVS database has been used heavily by the author in describing the 4"
Approximation vegetation and clarifying differences among them.

Qualitative information used includes descriptive reports on individual sites, along with some
qualitative syntheses of community patterns, most of it unpublished. This type of information too
has vastly expanded, perhaps by an order of magnitude since 1990. Much of this material comes
from the Natural Heritage Program’s county inventory effort, protection work, and other surveys,
but a network of supporters has also contributed material to the program. This work has also
provided incomparable feedback on the 3™ Approximation and new ideas for improvements to
classification. Well-argued proposals by Richard LeBlond, Bruce Sorrie, Harry LeGrand, Ed
Schwartzman, and others have become the basis for many new community units in the 4th
Approximation. The author’s own growing experience with communities and with applying the
classification in the field are now a much larger contributor than they were in earlier
approximations. Ongoing collaboration with the other members of the CVS has also been a major
contributor to new classification ideas.

The NVC stands as one of the largest new sources for the 4" Approximation, albeit of a different
kind that spans both qualitative and quantitative input. Projects done by NatureServe on National



Park, National Forest, and other sites provide new plot data and analysis that have informed the
NVC. Additional input from other states to the NVC provide insights and perspectives for the 4™
Approximation. The NVC and the North Carolina classification grew up in conversation with each
other, with 3™ Approximation units, including variants, being adopted into the NVC, all North
Carolina associations in the NVC being considered for the 4" Approximation, and the NVC being
modified in response to input based on field testing of draft 4" Approximation units.

Specific published sources and formal unpublished sources such as theses are specifically cited in
the community descriptions. Unpublished site descriptions and reports, individually cited in earlier
approximations, have become too numerous to cite individually here. Where there once were
several, now there are dozens, sometimes more than 100. While the individual contribution of each
such source is thus generally diminished, the role of them collectively, and of their contributors in
the Natural Heritage Program and in the ecological and botanical community, is enormous and is
gratefully acknowledged.

VALUE OF QUALITATIVE AND QUANTITATIVE DATA

The use of qualitative as well as quantitative data has been continued in the 4 Approximation
because there are complementary strengths in each. Quantitative data are considered the standard
for scientific work. If sufficient appropriate measurements are collected accurately, they provide
a level of objectivity, precision, and rigor that cannot be achieved any other way. The weaknesses
come partly in the ways that these ideals are not met. Despite the largest plot dataset ever
assembled in our region, it is clear that some communities are not sufficiently represented. In Lee
et al. (2000), a standard of five plots per association was met for 59% of the associations in the
region. Experience of the author and others suggest that even five plots are not sufficient to answer
many questions about community differences. The plots that exist have not generally been
randomly or objectively located. More directed plot placement has been necessary, because
random or systematic location would have resulted in even poorer representation of the rarer
communities, but it carries with it a likely share of bias in addition to statistical noise. Plots are
additionally limited to lands on which sampling is allowed and which can readily be reached at the
specific time of sampling events, in some cases a geographically limited, biased, or otherwise
inadequate sample. Finally, there is bias inherent in what vegetation has remained relatively
unaltered.

Additional limitations come up in analyzing and using the data. Ideal methods for analyzing large
sets of plot data are still being worked out. Unsupervised classification of vegetation plots often
yields results that reflect geographic variation, degree of alteration, or other factors that are not
useful for a classification that is related to the environment or is likely to represent unknown
species. Or it may produce clusters that resemble existing classification units but are different in
ways that are not necessarily improvements. In addition, at present, though some careful analyses
of plot data have yielded useful new classifications, most of the CVS data have not been analyzed.
They can be used for quantitative characterization of communities, but this characterization is
based on assignment of plots to communities by decidedly nonquantitative individual judgement.

Qualitative data, in the form of site descriptions and whole-site species lists, are less precise, more
variable, and, in the author’s experience, can sometimes be hard to replicate. However, they offer
several advantages to offset these weaknesses. There are many more sites and much more area



represented by them, allowing a broader geographic and ecological scope. They represent the
communities for which quantitative data are inadequate or absent. They better characterize a whole
site or whole stand of a community. They can better represent the rarer or more sparsely distributed
species that are often missed in plots. They often have information on characteristics not captured
by standard plot data, such as spatial or gradient relationships among communities, additional
environmental factors, variation in vegetation, and relationship of vegetation to site history. One
form of intermediate data analysis has also been used. Species lists for sites are often divided by
communities. This represents a kind of data that can be analyzed in a rough quantitative way, by
determining frequency of species among sites. This kind of analysis was frequently used in
preparing the 4™ Approximation, to inform community descriptions and to investigate distinctions
among communities where plot data were not adequate for the purpose.

The 4™ Approximation classification therefore represents a synthesis of quantitative and
qualitative study. It aims to cover all natural communities that seem sufficiently distinct to
recognize, regardless of the state of data. The circumscription of the subtypes is done with the best
combination of data available. For some groups, such as longleaf pine communities, Piedmont
floodplains, seeps, and high elevation rock outcrops, this is a comprehensive quantitative analysis,
interpreted to accept the units that seem to represent natural vegetation variation that is related to
enduring or repeating environmental influences. For other groups, such as Coastal Plain
floodplains, pocosins, and many oak forests, the classification uses a qualitative combination of
several less comprehensive quantitative analyses along with many site descriptions and the
author’s experience. For others, such as the boulderfield communities, low elevation rock
outcrops, and glades, it is primarily based on site reports.

RELATIONSHIP TO THE NATIONAL VEGETATION CLASSIFICATION

Much effort has been made to have the 4™ Approximation and the NVC correspond at the level of
the subtype and association respectively. This has been substantially achieved, with a one-to-one
correspondence between comparable units in a large majority of cases. Many NVC associations
are based on 3™ Approximation or draft 4" Approximation communities and correspond exactly,
while other 4™ Approximation subtypes were adopted from the NVC. Feedback to the NVC has
resulted in some associations being changed to more closely match the 4" Approximation, or to
clarify that associations do not occur in North Carolina.

For the minority of subtypes that do not correspond to associations, there are several reasons. Some
are differences in breadth of concepts. Many of these cases are noted in the descriptions, but some
may not have been recognized. In some cases, the concept of NVC associations is not clear, making
it unclear how close the fit to the association is. In some cases, the author did not believe the
association met the criteria for ecological distinctness, enduring natural character, and
conservation significance listed above. In other cases, it was inadequately clear if it met the criteria.
The NVC has several conceptual differences from the 4™ Approximation. It is conceived as solely
a classification of existing vegetation. It includes a goal of including anthropogenic and semi-
natural vegetation as well as natural. Given these differences, substantial correspondence is
perhaps remarkable. However, the conversation between the two classifications, the involvement
of many of the same ecologists, and the interest in natural features and conservation of all has led
to convergence.



COMMUNITY NOMENCLATURE

4™ Approximation communities are named with the intent of providing convenient, memorable
titles by which to refer to them, while minimizing confusion. No single form of names, such as all
environmental names or all plant-based names, is used. Instead, the correlated characteristics that
are easiest or most concise to name are used. They are named from the viewpoint of North
Carolina. Though, with the addition of some regional modifiers, many could be used in a broader
context.

Some descriptors used in names must be interpreted in light of the common usage and range of
variation in factors within North Carolina or within the range of similar community types. Thus,
northern subtypes are those that occur in the northern part of North Carolina, and typic subtypes
are those that are most common or most central to the community concept within North Carolina.
Savannas are wet to mesic communities and not dry communities as they are in some other regions.
Terms such as “marl” and “bog” are used as they are commonly used among North Carolina
ecologists but occasionally may not fit the more widely used geological or hydrological
definitions. Other terms are relative to local conditions. Thus, “xeric” refers to the driest conditions
in North Carolina, even though desert regions elsewhere are drier. Similarly, “basic” is used as it
is used by most North Carolina ecologists, as a convenient word for a correlated set of
characteristics that includes a higher soil pH (but not necessarily truly alkaline), higher content of
“base” cations (compared to other upland sites but not to alluvial soils), and presence of a
distinctive set of species that tend to occur on such soils and not elsewhere. It should be
remembered, however, that all names are merely “handles” and are not definitions. The names
here are an attempt at a compromise between precisely indicating the concept they represent and
being short and memorable enough to be used. Much explanation of community concepts and
distinguishing features has been given to allow the user to learn the ideas behind the names, and
dichotomous keys are provided to aid in practical identification. The user should not assume that
the characteristics in the name are either necessary or sufficient to recognize the type but should
realize that the relationship between names and characteristics may vary. Thus, High Elevation
Red Oak Forests will not naturally lack red oaks, but Dry Oak-Hickory Forests may occasionally
have no hickories and Chestnut Oak Forest may occasionally be dominated by scarlet oak.

BREADTH OF UNITS

From the author’s childhood with life divided into plant and animal kingdoms, we now find a range
from five to nine kingdoms recognized. From the four classical elements of earth, air, water, and
fire, we have gone to 118 elements. “There are two kinds of people in the world....” Nature, and
human nature, has a way of turning out to be more complex than we think. “It is by the endless
subdivisions based upon the most inconclusive differences, that some departments of natural
history become so repellingly intricate” wrote Herman Melville in Moby Dick, in reference to
whether there were two kinds of right whales. He said it in a chapter entitled “Cetology”, in which
he had previously declared that whales are fish, and then spent much of the space describing how
they differ from “other fish.” Deciding on an appropriate breadth for the classification units —
“lumpiness” or “splittiness,” is one of the most difficult aspects of classification of any set of
natural features. A position must be taken along the scale from “every place is unique” to “you’ve
seen one, you’ve seen them all.”



In the case of natural communities, as with many things, there is no single objective measure of
breadth of a category. One can look at how many examples there are in each category, but there is
no expected number and no reason to expect numbers to be equal. We expect some categories to
be more common than others. One can look at the statistical properties of groups of vegetation
plots and get hints, but only if you have a lot of plot data, have classified them well, and know
them to represent the range of variation that exists on the ground. Even in the rare cases where this
standard can be met, it is clear that it isn’t the full answer. Not all vegetational variation represents
enduring natural ecological character. Some is the result of alteration we don’t want to enshrine in
the classification, some is statistical noise. In practice, appropriate breadth of community units
tends to be decided implicitly, by feedback from peers on individual units, opinions on whether
they feel too broad or too narrow, whether they can be distinguished readily enough, and people’s
intuitive sense of whether the breadth in one part of the classification is comparable to that in
another.

While the 4™ Approximation keeps most of the basic structure as the 3™, there is a substantial
difference in breadth of the units. The 3™ Approximation had very few community types that were
divided into subtypes. In the 4™ Approximation, most community types have at least two subtypes,
and many have several. Thus, it is much more finely divided. The 4™ Approximation contains 343
units at the level of primary focus, where the 3™ Approximation had 112. While some of the new
communities, such as several kinds of forested boulderfields, were simply not known to exist in
1990, most of them represent subdivisions of the community types already known. There is no
denying that the 4™ Approximation is more finely divided, though it should be noted that perhaps
half of the new subtypes had been recognized as variants in the 3™ Approximation; having stood
the test of time, they are given greater recognition now.

There are several arguments for this greater division. Most compelling is that it appears to serve
biodiversity conservation better. It is much more difficult to conserve things that are not known to
be distinct. Some of the diversity that is lumped together may get protected by accident, but in
general the rarer entities are likely to be missed. The Natural Heritage Program recognized the
weakness of the coarser units for setting conservation goals, rating site significance, and explaining
the rationale for protecting particular sites. It had already begun to separately track many of the
variants in the 3™ Approximation and use them for these purposes. Demand from other users led
in this direction as well. The desirability of matching the NVC as closely as possible was an
additional major factor that impelled finer divisions, and the level of the division in the NVC
represents in itself a demand among many ecologists for a finer scale.

There is an additional, somewhat paradoxical argument for finer division, which is usability and
convenience. Finely divided classifications are more complex and may seem “repellingly
intricate,” but if the reality behind them is complex, hiding that complexity is not always a benefit.
Units which are too heterogenous come at a price. It is harder to describe them, harder for a user
to grasp what they mean, harder to match one’s own knowledge with that of others, and harder to
determine if a generalization about them applies to a given example. If it takes many pages to
explain how whales differ from “other fish,” it might be time to call them something other than
fish.



In the end, the benefits and costs of coarseness and fineness must be balanced as seems reasonable.
The 4" Approximation attempts to do this, while attempting to fit reasonably well with widespread
usage. The author recognizes that in this, more than perhaps in most aspects, some users are
disappointed by the lack of recognition for some distinctions they see, while others find some
distinctions to be too much effort to make. It is hoped that those who wish for finer division will
be able to use the variants, and that they will keep marshalling arguments for the distinctiveness
of what they see. It is hoped that those who find the level of detail overwhelming will be able to
use the community type level to serve their purposes. In addition, users of the 3™ Approximation
should be able to access the 4" relatively easily. Most of the new distinctions recognized in the 4"
Approximation are at the subtype level, and most of the community types are unchanged or little
changed from the 3™ Approximation.

CONTENT OF DESCRIPTIONS

Species nomenclature

Vascular plant names in this document follow Weakley (2022) to the extent possible. Nonvascular
plant, lichen, and animal names, used less frequently in this document, follow the Natural Heritage
Program’s rare plant and animal lists for rare species and the checklists on the 2020 North Carolina
Biodiversity Project web site. Infraspecific taxa are named where there are multiple choices
occurring in North Carolina or where it is particularly relevant, but they are sometimes omitted
where they provide little additional information to a user familiar with North Carolina’s flora or
fauna.

Much change has occurred in the systematics and nomenclature of both plants and animals in the
last several decades, including much since writing of the 4™ Approximation began. Changes in
nomenclature are challenging when compiling information from older published and unpublished
literature, as well as when using plot data collected over a period of years. Particularly challenging
are cases where taxa have been split. Such splits have necessarily been handled on a case-by-case
basis. Where possible, an attempt has been made to choose the finer concept and to use the new
name most likely to be present in a given community, or to give both if both are likely. However,
when this is not obvious and the new name is ambiguous, the name is used as it was initially
applied, or in some cases, both names are listed. Thus, by way of example, mentions of Pteridium
aquilinum are treated as Pteridium latiusculum or Pteridium pseudocaudatum according to the
regions where each predominates; Viburnum nudum is used for what might now be either the newly
recognized species Viburnum nitidum or the newly narrower concept of Viburnum nudum; Persea
palustris is used for older mentions of Persea borbonia for most communities, except both Persea
palustris and Persea borbonia are named in the one community where both occur in North
Carolina. Where new names are expected to be published but are not yet included in Weakley
(2022), as in a new name for our Carex pennsylvanica, the older name is used. Finally, some names
may be incorrect by current standards simply because the author did not become aware of the
change in time to include it, and many more will be incorrect by future standards as taxonomic
revision continues. Species names used in the NVC, which is based on a different nomenclatural
standard, remain as they appear in NVC; they may therefore differ from names used elsewhere in
the descriptions.

Where well-known plant names have been changed fairly recently, the older names are sometimes
given in parentheses. This treatment is not systematic but is given to help the reader where it

10



occurs. All choices to use parenthetical names are based on the author’s idea of what names may
not yet be widely known.

Subtype and Theme Descriptions

Detailed descriptions are given for each subtype and for each theme. No specific description is
given for types, but they are characterized to some degree in both subtype and theme descriptions.
Theme descriptions contain material that is common to all or most of the communities in the theme.
This is particularly true for dynamics and for comments on classification history, which often are
shared. The relative division of the content is different among different themes. The reader is
advised to check both the subtype and theme description to learn all this document contains about
a given community.

Descriptions are based primarily on the most intact examples that are known. More altered
examples will fit the description to varying degrees and may be recognizable with reasonable
interpretation of what has been changed. Pervasive alterations that have been present in all or most
examples for a long time are generally incorporated into the descriptions of vegetation and other
factors. Thus, mountain forests are described without Castanea dentata, but Canada Hemlock
Forests continue to note the recent dominance of Tsuga canadensis. Vegetation is generally
described as it exists after decades of fire suppression for most communities, but for longleaf pine
communities, where prescribed burning has occurred in many examples for several decades,
examples with regular fire but with past fire suppression are generally what is described.

Keys

Dichotomous keys are given for all community subtypes, organized by themes. The key leads
organize and summarize information in the distinguishing features sections of the descriptions but
are necessarily sometimes more abbreviated. As in all descriptive material, the keys are based on
relatively unaltered occurrences. More heavily altered examples may be identifiable in some cases
but not in others.

SPECIFIC COMPONENTS OF COMMUNITY DESCRIPTIONS

Concept: This is intended to give a brief statement of the idea the community represents. It was
included in the 4™ Approximation guide but has been substantially revised. In general, the concept
is stated hierarchically, describing it first for the type, then for the subtype.

Distinguishing Features: The distinguishing features discussion is focused on the factors that
help the user tell the subtype from the most similar communities. Again, generally the type is
distinguished first, followed by indications of how to tell the subtype from other subtypes.

The reader should pay particular attention to cases where two or more characteristics are needed
simultaneously to reach a classification. Care should also be taken with the wording for species.
They may be dominant or abundant, or they may be indicators whose presence as anything more
than stray individuals is sufficient. Where suites of species are named, only a few may be present,
and any given species may be present only in a minority of examples, but several are generally
needed to have confidence in the classification. To keep the section from getting too long, the lists
of suites of species are necessarily less than exhaustive. Where the suite is characterized (e.g.,
species indicative of basic conditions), the user may know of other species in the suite that would
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also work to indicate the community. The vegetation descriptions give more detail about the
abundance of species and name more species. The length of the distinguishing features section
varies widely, and it can have very different proportions of material for recognizing the type or the
subtype. The distinction of some communities can be explained in a few words, while others,
especially those distinguished by differences in suites of species, may necessarily involve long
lists.

Distinguishing features are generally based on communities in relatively natural condition. As
communities become more altered, they become harder to tell apart. Ruderal or generalist species
tend to become more dominant, and distinguishing species, which often are conservative, become
scarer. The ability to identify heavily altered communities improves with experience, but at some
level of alteration it becomes impossible.

Crosswalks: Closest equivalent crosswalks are given systematically for National Vegetation
Classification (NVC) associations, NVC groups, and NatureServe ecological systems, and
occasionally for other classifications. At the time of publication, NatureServe has indicated an
intent to make groups the primary coarser-level focus of their ecology efforts. For the groups, the
“colloquial” names are given rather than the plant species-based “scientific”” names because these
appear to be more informative for most purposes. Both groups and ecological systems are broader
than single subtypes and associations. They are often comparable to each other in breadth but have
a different emphasis in their classification. Both are somewhere between types and themes in
breadth. Most associations are very similar to subtypes in breadth, but some may be broader, a few
narrower, and a few related in more complex ways. It often is impossible to tell how NVC concepts
are applied by other users, so exactness of correspondence is approximate. Occasionally, two
associations may be listed as crosswalks, indicating that both concepts are subsumed in the subtype
but that the first is considered the standard crosswalk. A number of these have been changed since
the publication of the 4" Approximation Guide and even since release of early drafts of this
document, as the NVC has continued to evolve. Additional relationships to NVC associations,
generally less equal in fit, are noted in the comments section but are not treated as crosswalks. In
a few cases where there is a comprehensive document on classification of a set of communities
and it uses a different classification system or nomenclature, that too is listed as a crosswalk, but
no effort has been made to note all the different names a community has been called in the many
more local studies or descriptions.

Sites: The site section notes important aspects of the physical environment such as landform, slope
position, aspect, geologic substrate, and elevation. Factors are named where they are particularly
relevant but are not systematically named where a given character is the default or most common
one. For example, occurrence on mafic rocks is often noted but occurrences on felsic rocks, the
large majority of the landscape, is not. Similarly, elevations are noted for higher mountain
communities but not for communities in the Piedmont or Coastal Plain.

Soils: Soils are characterized to the extent information is available, either by general characteristics

or by soil taxa and series that are mapped. The CVS database includes many plots with soil
chemistry and texture data, but these have not been compiled or analyzed well at present.
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Hydrology: Water conditions, including degree of wetness, water dynamics, and sometimes
sources of water or chemistry of water, are noted. While a simple characterization of water
abundance (xeric, dry, or mesic) works for most upland communities, wetlands may be wet in
different ways beyond simply how much water is present. Some are flooded irregularly, some as
regularly as the tides, some are never flooded but are saturated almost all the time. In some, water
moves through, while in others it stands for long periods. These have profound effects on the
natural communities.

Vegetation: Vegetation is described in terms of structure and composition of vascular plants. Only
occasionally are nonvascular plants noted, where easily distinguished taxa are particularly
informative or important or where published literature makes detailed information on them
available. Vegetation descriptions have been almost completely rewritten since the 3™
Approximation. They may be derived in any of several ways, with wording generally indicating
which was used. Where comprehensive studies have been done, these are cited and the vegetation
description is based largely or completely on them. Some incomplete analyses of CVS data are
also indicated. If there is no comprehensive analysis but CVS plots for the community are
numerous enough and appear accurately attributed to the community, summary statistics from
them are used to describe the vegetation in detail. Such summaries are usually based on North
Carolina plots only but may have included plots of nearby states where the author believed them
to be comparable and likely to give a better description. Some other vegetation descriptions
combine such statistics from plot data with more crude statistics of species frequency in site
descriptions, where plots alone do not give an adequate picture. Site descriptions require their own
form of judgment in interpretation, since some species lists are clearly limited in completeness and
therefore may contribute to a false impression of species frequency.

Where data are sufficient, species are characterized by both dominance and frequency/constancy.
The term “highly constant” generally denotes occurrence in 75% or more of plots or site species
lists. “Frequent” or “fairly frequent” indicates species that occur in 25-75% of plots or site species
lists. These categories must be regarded as approximate, since inclusion or exclusion of a few plots
or sites can move some values across these arbitrary thresholds. Frequency in whole-site species
lists means something different than it does in plots, since the area represented is very different.
While highly constant and frequent species may be listed in various orders, such as grouping by
genus or grouping by sources if there is more than one, they are often listed in order of frequency
in the most important source used. Sparsely distributed or patchily distributed species may be
frequent in sites but infrequent in plots. Other species may be infrequent even at the site level,
perhaps due to dispersal limitations or to small population sizes that can be randomly lost from
individual sites.

Species are characterized as dominant if they produce the majority of vegetation cover or (for
trees) basal area in the stratum, individually or collectively, and as codominant if they are abundant
but roughly equal in abundance with other species. It is difficult to characterize the interaction of
frequency/constancy and dominance. A species may be usually present but less often dominant, or
it may occasionally dominate even though it is present in only a minority of plots or sites. Species
may dominate patches, or plots, but not dominate a large portion of the whole stand. Plot data
summaries generally give average cover in plots where a species is present, but it can be difficult
to tell if that cover is uniform or highly variable among plots. The author’s experience or more
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detailed qualitative descriptions often provide better ideas of the relationship between frequency
and dominance than do summarized plot data. Additional species that are neither dominant nor
moderately frequent may be named where they are deemed to contribute to understanding of the
community. Species described as “characteristic” are those that are believed to indicate the
distinctive environment of the community when they occur, even though they appear infrequently.
Most communities have a large number of species that are low in cover and frequency. Some of
these are accidental in occurrence or are present only in transitions to other communities, while
others reflect the site conditions in the same way the frequent species do. Much additional work
could be done to describe these aspects of communities in more detail.

Plot data, vegetation descriptions, and information included based on the author’s personal
experience are all based on the least altered examples of each community. However, not only are
no examples fully pristine, the degree of alteration in the best examples varies among different
communities. Some kinds of alteration are less obvious, and some aspects of the unaltered natural
vegetation may not be known. For some there is controversy or disagreement. This has been noted
in some descriptions but may have been neglected in others. The more precisely the vegetation is
described in terms of dominant or frequent species, the more those are based on the existing state
rather than the more natural state that once existed.

Range and Abundance: The global ranks given in this section have been assigned by NatureServe
for the crosswalked National Vegetation Classification (NVC) association. Global ranks are an
index of imperilment of a species, or in this case a community (NatureServe 2023. Many of these
were assigned some years ago and were done “by inspection” rather than based on the more
detailed analysis that is the present standard for element ranks. Updated and more thorough
analysis for all North Carolina’s community global ranks awaits future work and is likely to result
in changes. Abundance and geographic region of occurrence in North Carolina are noted, based
on Natural Heritage Program occurrence data. Ranges in other states are generally based on
NatureServe information for the synonymized NVC associations, except where the author has
personal knowledge of the range in other states. These may change as the NVC continues to evolve.

Associations and Patterns: Most communities are characterized as small patch, large patch, or
matrix communities, after the typology developed by NatureServe. The generalized concepts have
been modified to fit the ecological patterns of North Carolina. Matrix communities do not
generally single handedly form the landscape matrix, as occurs in some other regions. Instead,
matrix communities are regularly repeating parts of a typical landscape mosaic. They could be
expected in almost any large piece of that kind of landscape, generally aggregating to substantial
acreage even if individual patches are not that large. Large patch communities are those that are
not predictable parts of a typical landscape but that occur in large patches and occupy large acreage
where they occur. They may be similar to the matrix communities around them or may contrast
strongly. Because patches are large, they can have substantial interior area and support large
populations of their component species. Small patch communities are unpredictable on the
landscape; they are generally associated with distinctive environments that contrast strongly with
the surrounding landscape. They occupy small areas and, though multiple patches may be present,
generally they add up to only a few acres. They act as islands of habitat for species that generally
have small populations and may either exhibit strong metapopulation dynamics or may support
relict populations with little genetic exchange. Despite such isolation and despite small population
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sizes, or because of them, small patch communities imply long term stability and persistence, since
species lost in disturbances or habitat changes would be very slow to recolonize. Small patch
communities are inherently subject to strong edge effects from the contrasting adjacent
communities, even in natural landscapes.

Variation: If variants have been recognized, they are named and briefly described in this section.
Most variants recognized in the 3™ Approximation have become new subtypes, so variants are
much fewer. Where no named variants are recognized, variation among examples is characterized
in more general ways. Some communities are recognized to be highly variable, and it is likely that
variants or even subtypes would be recognized with further study. Others are fairly uniform. Some
are newly enough recognized or are rare and poorly studied, so that their variation is not well
known.

Dynamics: The recognition of the importance of dynamics in natural communities has grown
dramatically since the time the 3™ Approximation was published. Though belief in a truly static,
unchanging climax state is probably a “straw man” that was never widespread, the role of natural
and altered disturbance regimes, the idea of an interplay between static site characteristics and
disturbance, the concept of dynamic equilibrium of patches, and other dynamic aspects of
communities has certainly grown since that time. Research has been decidedly unequal, with some
themes and specific communities being the focus of widespread study while others appear largely
ignored. An attempt has been made to characterize what is known about dynamic aspects such as
natural disturbance regimes and their importance, patterns of plant reproduction, stability and
conservativeness of vegetation, and how particular environmental factors may be responsible for
differentiating communities. Because some of these factors are more general than others, some of
this discussion is at the theme level, some at the subtype level.

Comments: Comments are made on various aspects of the community that do not fit into other
fields. Many of the comments in the 4™ Approximation Guide are now placed in one of the other
sections, but many communities still have material worthy of comment.

Rare species: Rare species characteristically associated with a community are listed to encourage
users to be alert for their presence. This listing is based on taxa tracked by the Natural Heritage
Program in 2023. Watch list species are not included.

The lists were assembled from three sources. For several years, rare species present were recorded
along with the occurrence records for communities in the Natural Heritage Program database, and
these formed a starting point for the lists. This process largely stopped some years ago, so it is
most useful for species that the program has tracked for many years. The bulk of the listings came
through input from experts who know the community classification as well as knowing a group of
rare species. This input came either in a series of meetings or was contributed individually. The
approach was particularly successful for vascular plants, where there are multiple experts. For
most animal groups and for non-vascular plants, only one or two people were able to contribute.
For some groups of animals, there was no contribution. As a final source for the lists, especially
where there was little expert input, the author examined habitat descriptions and locations of
known occurrences of the rare species.
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The lists of rare species are necessarily imperfect, both in being incomplete and in naming species
that may not actually be found in the community, but it is hoped that they will serve as a starting
point both for aiding rare species survey and for understanding these crucial relationships. Several
sources of bias are present and should be kept in mind. Species that might occur in many
communities, such as Isotria medeoloides or many highly mobile vertebrates, may not be listed,
or may be listed only for a few where they were previously linked to specific occurrences. Some
common characterizations of habitat types can be equated to a small number of communities and
therefore used for listing, which others are simply too broad. Thus, a species known to occur in
spruce-fir forests or rich cove forests can be linked to all of the few communities. But a species of
oak forests or Coastal Plain floodplain forests has too many possible communities to list them in
all. Rarer communities, those that are less visited, and those that are newly recognized have less
chance of particular species having been found in them, or of experts knowing they occur there.
Some species, particularly among invertebrates and non-vascular plants, are simply too little
known to tell what their habitat is, so they may not be listed anywhere or may be listed for only a
fraction of the communities they occur in. Finally, there is an unavoidable bias in that the finite
group of experts who contributed know some species and some communities better than others.

There are two final cautions in using the rare species lists. Some species use a given community
only within a narrow geographic range in the state. These are listed if the community relationship
is specific enough. Some species occur only in a specialized type of microsite in a community.
Listing a species in these cases is necessarily a judgment call, one that depends on an assessment
of how frequent the microhabitat is within occurrences of the community. Thus, moist rock
outcrops near streams are particularly common in Acidic Cove Forests, so their species are listed
for those communities. Species associated with dead snags or large old trees, which can occur in
many different kinds of forest, are not listed.

Bibliography: Only references cited in the community description are included in the
bibliography. Additional references relevant to a given subtype may be cited instead in the theme
description. General references that are used for many descriptions are not specifically cited in
each. These include reports produced by the Natural Heritage Program, contributed unpublished
reports in its files, the CVS database, and the NVC descriptions of associations. Also implicitly
used throughout are Weakley (2022), the USDA soil taxonomy, SSURGO soil mapping, and the
content of Soil Web. The 3 Approximation book cited numerous unpublished and internal reports
such as Natural Heritage Program county natural area inventories, individual site reports, and
contributed class reports. These are not cited in the 4™ Approximation simply because they have
become too numerous for it to be practical. The number of such documents has increased five- to
ten-fold since 1990. The contribution of each report is more diffuse, and most are used as a source
of summary data or as contributions to the general knowledge of the author.

FUTURE OF NORTH CAROLINA NATURAL COMMUNITY
CLASSIFICATION

The 4™ Approximation represents more than 30 years of work since the publication of the 3™
Approximation, but the continued use of the term “approximation” in the title indicates the
recognition that this book will not be the last word in community classification. Data analysis by
the CVS investigators is likely to lead to new insights. A comprehensive book on vegetation of the
Carolinas by CVS is expected in the next few years. Further experience gained by using this
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classification and the NVC by the Natural Heritage Program and others will yield new insight. It
is hoped that new investigation can address the areas of the classification where uncertainty most
clearly remains.

Several areas in the 4™ Approximation are already recognized as inadequate and in need of further
study or revision. Many are mentioned in the various descriptions, and many outstanding
classification issues are informally listed in an appendix. Of particular note are the most
heterogenous subtypes. Low Elevation Basic Glade (Montane Subtype), Piedmont Alluvial Forest,
Coastal Plain Small Stream Swamp, Sandhill Seep, and Maritime Wet Grassland are examples of
communities where further work is likely to lead to recognition of new subtypes. The several
communities that are accepted as provisional may end up being better described or may end up
getting dropped as we come to understand them better. Increasing prescribed burning, especially
in the mountains, may lead to better characterization of communities such as those in the Mountain
Dry Coniferous Woodlands and the Piedmont and Mountain Glades and Barrens themes. Better
understanding of the ecological behavior of species such as Pinus strobus may lead to different
interpretation of communities where they are important to classification.

Feedback on the communities and evidence of unrecognized communities, as well as information
on unknown good examples, is requested, solicited, and encouraged.
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SPRUCE—-FIR FORESTS THEME

Concept: Spruce—Fir Forests are communities of the highest elevations in North Carolina,
naturally dominated or codominated by Picea rubens or Abies fraseri.

Distinguishing Features: Spruce—Fir Forests are distinguished from all other natural communities
by the present or former dominance or codominance of Picea rubens, Abies fraseri, or occasionally
Sorbus americana, in upland sites at elevations above 5000 feet. Severely disturbed examples may
be dominated by Rubus canadensis, residual Betula alleghaniensis, or by a variety of shrub
species. A few of examples of Mountain Bogs and Fens may be dominated or codominated by
Picea rubens, but these will have saturated soils and wetland species such as Sphagnum spp. at
least in substantial portions.

Within the theme, Fraser Fir Forests are distinguished by dominance by Abies fraseri at the highest
elevations, greater than 67% before balsam woolly adelgid-caused mortality. The Red Spruce—
Fraser Fir Forest type has a canopy naturally dominated or codominated by Picea rubens, often in
combination with 4bies fraseri or Betula lenta.

Sites: Spruce—Fir forests occupy almost all landforms at the highest elevations. Other than
seepage-fed wetlands and rock outcrops, they cover the high peaks. The lower elevation for
continuous spruce-fir forest mosaics is around 5500 feet, but some subtypes extend in local patches
down to 4500 feet or even 4000 feet. A pattern of inverted elevation zones is occasionally
observed, where Spruce—Fir Forests occur below other communities such as Northern Hardwood
Forests or Mountain Oak Forests in sheltered coves or areas with cold air drainage.

Soils: Spruce-Fir Forests are generally mapped as Inceptisols (Humadepts) of the Burton, Craggey,
and Wayah series, but those in the Great Smoky Mountains are more recently mapped as Clingman
(Lithic Udifolist). In ecological literature on spruce-fir forests, soils are generally described as
organic rich and extremely rocky, often as consisting of nothing but organic matter over rock.
However, many sites can be observed to have loamy soil which, though rocky, is fairly deep, and
many sites have extremely heterogenous soils. It has been noted in West Virginia that spruce
forests generally have Spodosols, in contrast to other kinds of soils under hardwoods there. It is
believed that the acidic litter of spruce or hemlock is responsible for creation of the spodic horizon
(Nauman et al. 2015). This has been used to identify sites for restoration of spruce forest. Extensive
Spodosols have not been identified in North Carolina, but some may be found as one component
of a heterogeneous soil mix.

Hydrology: Spruce—Fir Forests are mesic to wet due to high rainfall, long periods bathed in fog,
low temperatures, and, often, high water-holding capacity in the organic-rich soil. Several high
mountain ranges have had measured average annual rainfall of 70-80 inches, and studies have
found a comparable amount of additional water input through dripping of fog moisture.
Praskievicz and Sigdel (2023) found smaller but still significant water input and found spruce and
fir much more efficient than northern hardwood species at capturing it.
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Rime ice is also common in winter. Although not commonly considered wetlands, many sites may
at times be saturated for long periods in the growing season.

Vegetation: Communities of this theme are naturally closed forests with small canopy gaps, where
not recently disturbed. Picea rubens and Abies fraseri codominate in most of the elevational range,
while Abies becomes dominant at the highest elevations. Picea may dominate at the lowest
elevations, but more often codominates with Betula alleghaniensis. Sorbus americana may
occasionally dominate or codominate locally. Lower strata vary among communities, but most
examples contain members of a suite of characteristic species that are seldom found in lower
elevation communities. These include Oxalis montana, Dryopteris campyloptera, Clintonia
borealis, Sambucus racemosa var. pubens, Vaccinium erythrocarpum, and a number of bryophytes
such as Hylocomium splendens. A large suite of rare plant and animal species also occur primarily
in Spruce—Fir Forests.

Canopy composition has been drastically altered by the introduction of the balsam woolly adelgid
(Adelges piceae), which killed all adult firs in the 1960s—1970s. Since that time, some stands have
increased in cover of Picea, Sorbus, and Betula, others have also had significant spruce mortality
and now are nearly treeless, and in others, surviving Abies seedlings have grown into dense stands
of young canopy trees. Old growth stands before the adelgid were notable for their large basal
areas, and some remain so (Smith and Nichols 1999, 39.6 sq. m/ha.; Rose and Nicholas 2008).

Dynamics: These communities in the natural state are uneven-aged, with abundant large, old trees.
Work on population dynamics has found formation of small gaps by the death of one or several
trees to be the most common mode of natural disturbance and gap phase regeneration the typical
mode of tree reproduction (Busing 1985; White, MacKenzie, and Busing 1985). Natural fire is
essentially absent in these communities, and the large blowdowns that are known are generally
associated with artificial openings. Observations in the 1980s—2000s suggest that both ice and
wind storms are significant factors creating small to medium size gaps, which may be numerous
after major storms.

Both spruce and fir produce abundant seedlings that are shade-tolerant and persist beneath the
closed canopy until a gap is produced. However, this advanced regeneration can be observed to be
extremely variable and patchy. Spruce is among the most shade-tolerant of trees, able to achieve
up to 82% of its maximum photosynthesis at light levels found in sun flecks beneath a canopy
(Alexander et al. 1995). Rentch et al. (2016), in West Virginia, found understory spruce individuals
20-70 years old. Conversely, high light levels, especially when they appear suddenly, have been
observed to harm spruce. Fox (1977) suggested a reciprocal replacement pattern between spruce
and fir, with each tending to invade gaps left by the other. However, Busing (1985) found that fir
was more likely to capture gaps made by all species. Spruce retained dominance or codominance
despite its lower probability of gap capture because of its much greater longevity (300-400 years
vs. 70-100 for fir). Yellow birch captured enough gaps to remain a permanent minor part of the
community. Logging of spruce-fir forests without slash fires, as happened on Roan Mountain, can
lead to nearly pure stands of fir at elevations that would otherwise have mixed canopies.

Spruce-fir forests are especially vulnerable to human-caused disturbances such as logging and
associated fire, as was widespread in the early 1900s. When the canopy was removed, the soil
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organic layer was able to dry and carry fire. Logging slash fires were described as consuming the
organic soil itself as well as the seedling bank. The dominant trees, particularly spruce, were often
unable to reestablish in cleared and burned areas (Korstian 1937; Saunders 1979; Pyle and Schafale
1985, 1988), and many burned areas have not reestablished full forest cover after more than a
century. Though the failure of regeneration was sometimes attributed to the loss of organic soils,
a similar failure is apparent on many deep mineral soils. However, Brown (1941) noted that spruce
and fir were able to invade Grassy Balds and Heath Balds on Roan Mountain.

All Red Spruce—Fraser Fir Forests that escaped logging have been disturbed in recent years by the
balsam woolly adelgid (4Adelges piceae), an introduced insect pest that spread through the region
in the 1960s. The adelgid kills essentially all adult firs but is not able to infest young firs that have
smooth bark. The degree of disturbance depends on the amount of Abies fraseri initially present.
Short term changes resulting from fir death included an increase in Rubus canadensis and various
shrubs, and a decrease in moss and forest herbs (Boner 1979; DeSelm and Boner 1984). Jenkins
(2003) noted a decline in Oxalis montana and Clintonia borealis, an increase in Dryopteris
campyloptera, and a drastic increase in Rubus. Boner (1979) found that seedlings of fir increased
with time since adelgid attack. Witter and Ragenovich (1986) suggested that fir seedlings present
at the time of attack would be able to mature and reproduce before succumbing to the adelgid. But
they noted that if this fails to occur in most places, Abies fraseri will cease to be a significant part
of these high elevation southern Appalachian communities, since there is no seed bank in the soil.
The author’s observations suggest longer term results have been quite variable. Young firs have
matured into well-developed canopies in many areas in all mountain ranges where they occur, but
substantial areas still have broken canopies or remain treeless Rubus thickets. Balsam woolly
adelgids are much less abundant than when they were spreading through large populations of
susceptible trees, but they reappear in some patches and kill the newly mature trees.

In addition to the effects of the balsam woolly adelgid, there has been widespread concern about
declines in growth rates and unhealthy conditions of spruce through the 1980s and 1990s. These
phenomena are believed to be similar to more severe declines observed in Europe and in the
northeastern United States, hypothesized to be the result of air pollution. Extensive research was
regarded as inconclusive on the subject of spruce decline and, although Dull et al. (1988) reported
that spruce-fir mortality patterns could be largely explained by balsam woolly adelgid effects,
concern remained about potential effects of air pollutants. Mathis et al. (2015) and Kosiba, et al.
(2018) have noted that tree growth rates increased dramatically around the same time that Clean
Air Act revisions greatly reduced acid deposition, suggesting air pollution was important. Soule
(2011) noted a similar pattern, though he noted that increased growth also corresponded with
warmer climatic conditions.

It is widely accepted that during the colder climate of the Pleistocene, alpine tundra occurred at
the highest elevations, and that spruce-fir forests in general migrated to lower elevations. It has
been noted that spruce and fir are absent from several mountain ranges that reach elevations where
they occur in other ranges. This is attributed to a period of warmer, drier climate after the
glaciation, the Hypsithermal interval (Deevey and Flint 1957), when spruce-fir forests may have
been unable to persist at these elevations. The highest elevations in ranges that have spruce and fir
are somewhat higher than in the ranges that lack them.
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It is often said that spruce and fir have limited dispersal ability, and this is supported by the limited
return to areas where they were removed by slash fires, and by their failure to return over thousands
of years to ranges that apparently lost them during the Hypsithermal period. However, one range
where they are absent, the Craggy Mountains, has a high elevation connection to spruce-fir forests
of the Black Mountains, and spruce and fir can be seen spreading in small numbers across this
connection at present. In ranges with spruce-fir forest, spruce trees can be seen in lower elevation
communities and several miles from their optimal habitat, suggesting at least some longer distance
seed dispersal.

Though not apparently noted in literature, it is quite possible that the lower elevation limit of
spruce, and perhaps of fir and associated species, is determined not by warmer climate, per se, but
by the past occurrence of fire. Spruce populations persist at lower elevations in wetlands and in a
couple of valley settings, locations that are naturally somewhat protected from fire.

Comments: Ecological interest in spruce-fir forests has been intense and persistent, and there is
extensive literature on them extending back to the early 1900s and continuing at present (literature
reviewed in Schafale 1987).

The Southern Appalachian spruce-fir forests are sometimes called boreal forests to indicate a
relationship to the boreal forests of Canada. They share a number of species with the northern
forests, but also contain a number of Southern Appalachian endemic species that set them apart.
These include Abies fraseri itself.
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KEY TO SPRUCE—FIR FORESTS

1. Highest elevation sites, generally above 6200 feet (but may be lower on sites with extreme
weather such as Grandfather Mountain). Canopy tending to dominance by Abies fraseri (or
historically dominated by Abies). At present, may have young Abies stands; sparse Abies along
with sparse Picea, Sorbus americana, or Betula alleghaniensis; or may be dominated by Rubus
canadensis or other shrubs and have dense snags or fallen logs of a former Abies stand. Note that
less extreme sites may become dominated by 4bies if logged and not burned, as at Roan Mountain,
but these are better regarded as Red Spruce—Fraser Fir Forests.
2. Forest with a dense shrub layer of evergreen ericaceous shrubs, generally with Rhododendron
catawbiense dominant. Occurring in small patches on sharp, exposed topography or on shallow
SOTL 1ttt Fraser Fir Forest (Rhododendron Subtype)
2. Forest without a dense evergreen shrub layer; ground cover of mosses, ferns, other herbs, or
deciduous shrubs, sometimes with little ground cover in dense young stands. Occurring in fairly
large patches on deep soils in a variety of topography......... Fraser Fir Forest (Herb Subtype)
1. Mid to relatively lower elevation sites, generally 4500-6200 feet but occasionally lower.
Canopy dominated by Picea rubens, or codominated by Picea with Abies fraseri, Sorbus
americana, or Betula alleghaniensis.
3. Sites boulderfields, with complete cover of large rocks with open space beneath them. Most
vegetation growing on rock surfaces or in organic accumulations on and between rock..............
....................................................... Red Spruce—Fraser Fir Forest (Boulderfield Subtype)
3. Sites not boulderfields; plants rooted in deep or shallow, relatively continuous soil.
4. Mid elevation sites, generally 5500-6200 feet. Canopy generally dominated by Picea
rubens, potentially along with Abies fraseri or occasionally Sorbus americana; Betula
alleghaniensis is present only in small numbers, not codominant.
5. Forest with a dense shrub layer of evergreen ericaceous shrubs, generally with
Rhododendron catawbiense or Rhododendron maximum dominant. Occurring in small
patches on sharp, exposed topography or on shallow soil ..............coooooiiii,
....................................... Red Spruce—Fraser Fir Forest (Rhododendron Subtype)
5. Forest without a dense evergreen shrub layer; ground cover of mosses, ferns, other herbs,
or deciduous shrubs, sometimes with little ground cover in dense young stands. Occurring
on deep soils in a variety of topography, often in large patches..........cccoceviininiiniininennn,
............................................................. Red Spruce—Fraser Fir Forest (Herb Subtype)
4. Lower elevation sites, generally below 5500 feet, in mosaics with hardwood forests. Canopy
codominated by Picea rubens and Betula alleghaniensis, or occasionally by Picea rubens with
Tsuga canadensis, Quercus rubra, or without codominants.
6. Forest with a dense shrub layer of evergreen ericaceous shrubs, generally with
Rhododendron catawbiense, Rhododendron maximum, or Kalmia latifolia dominant.
7. Occurring in small patches on sharp, exposed topography or on shallow soil. Shrub layer
may include Kalmia latifolia, Rhododendron catawbiense, or other species of drier sites..
Red Spruce—Fraser Fir Forest (Birch Transition Shrub Subtype)
7. Occurring in small patches in sheltered ravines. Tsuga canadensis sometimes
codominates. Shrub layer usually Rhododendron maximum..................ccoueeeveeeecveenceeennnnn.
................................. Red Spruce—Fraser Fir Forest (Low Rhododendron Subtype)
6. Forest without a dense evergreen shrub layer; ground cover of mosses, ferns, other herbs,
or deciduous shrubs, sometimes with little ground cover in dense young stands. Occurring
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on deep soils in a variety of topography, often in large patches...........ccceevevveevciieecieeecieeenen.
................................ Red Spruce—Fraser Fir Forest (Birch Transition Herb Subtype)
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FRASER FIR FOREST (HERB SUBTYPE)

Concept: Fraser Fir Forests are the highest mountain forests, in which Abies fraseri naturally
dominates and the few other tree species are distinctly subordinate under natural conditions.
Widespread mortality caused by balsam woolly adelgid has left many areas devoid of canopy at
present. The Herb Subtype encompasses those examples without a substantial evergreen heath
layer, which generally have deciduous shrubs and well-developed herb layers. Forests where Abies
fraseri formerly dominated and has not regenerated may be regarded as degraded examples of this
subtype or may be classified as successional communities. Forests where Abies fraseri canopies
died and regenerated as very dense stands that have no shrub or herb layer are included in this
subtype. A few natural forests dominated by Sorbus americana along with Abies fraseri are also
included here. This community is a higher elevation analogue of Red Spruce—Fraser Fir Forest
(Herb Subtype).

Distinguishing Features: Fraser Fir Forest is theoretically distinguished from Red Spruce—Fraser
Fir Forest and all other natural communities by having present or recent past natural dominance
by Abies fraseri, making up 67% or more of the canopy cover. The Herb Subtype is distinguished
from the Rhododendron Subtype by dominance of the lower strata by herbs or deciduous shrubs,
rather than Rhododendron or other evergreen heaths.

Because of widespread destruction of fir canopy by the balsam woolly adelgid, examples are now
dominated by young fir trees or by successional vegetation of Rubus allegheniensis or other
species. The presence of large numbers of dead conifer stems at very high elevation, combined
with absence or scarcity of other mature trees, is generally sufficient to distinguish a damaged
Fraser Fir Forest from other high elevation community types. Some Red Spruce—Fraser Fir Forests
became dominated by Abies fraseri after logging in the early part of the century, since Fraser fir
more readily establishes in gaps than red spruce. These can be difficult to distinguish without
historical data but can be expected to gradually succeed to greater spruce dominance.

Crosswalks: Abies fraseri / Viburnum lantanoides / Dryopteris campyloptera - Oxalis montana /
Hylocomium splendens Forest (CEGL006049).

G632 Central & Southern Appalachian Red Spruce - Fir - Hardwood Forest Group.

Central and Southern Appalachian Spruce-Fir Forest Ecological System (CES202.028).

Sites: Fraser Fir Forest occurs on ridge tops and slopes at the highest elevations, generally above
6200 feet, though lower in the extreme climate of Grandfather Mountain.

Soils: Most examples are mapped as Burton (Typic Humadept) or Craggey (Lithic Humadept).
However, areas in the Great Smoky Mountains are more recently mapped as Clingman (Lithic
Udifolist). Discussion among soil scientists suggests that soils in spruce-fir communities are
extremely heterogeneous and that Spodosols are also possible.

Hydrology: Sites are upland and nominally well drained, but these are likely the wettest of the

spruce-fir forests, occurring where fog is common and rainfall is high. Some soils may be shallow
and rocky, but thick litter and moss cover retain moisture.
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Vegetation: In undisturbed condition, the Herb Subtype exists as a closed forest, broken by small
to medium size gaps. Abies fraseri makes up more than 75% of the canopy in natural undisturbed
condition. Occasionally Sorbus americana codominates. Smaller amounts of Picea rubens and
generally even less Betula alleghaniensis are usually present. Occasional Prunus pensylvanica and
Acer spicatum may be the only other trees. The shrub layer may be moderate in density to nearly
absent. Saplings of Abies and Picea may dominate, or combinations of Viburnum lantanoides,
Vaccinium erythrocarpum, Vaccinium simulatum, Vaccinium corymbosum, and Sambucus
racemosa var. pubens may predominate. The herb layer is dense in mature stands, though it may
be sparse under dense young canopies. Species characteristic of most spruce-fir forests
predominate, including Dryopteris campyloptera, Athyrium asplenioides, Oxalis montana, Carex
intumescens, Carex brunnescens, Oclemena acuminata, Clintonia borealis, Solidago glomerata,
and Chelone Ilyonii. Other species noted by Crandall (1958) in the Smokies, before widespread fir
mortality, include Monotropa uniflora, Impatiens pallida, Houstonia serpyllifolia, and Streptopus
roseus. Mosses often cover the ground, alone or under the herbs. Hylocomium splendens is most
often dominant, but Hypnum crista-castrensis, Rhytidiadelphus triquetrus, Polytrichum spp., and
other species may be abundant. Mature forests also often have dense cover of mosses and
liverworts on the trunks of fir trees, whose smooth bark is particularly hospitable for epiphytes.

After universal destruction of the fir canopies by balsam woolly adelgid, canopies in this
community are now extremely variable. They may range from sparse to dense, and may consist of
very young or maturing Abies. They also may be replaced by successional Rubus canadensis or
shrub stands. Young-mature forests often have little shrub, herb, or moss layer beneath a dense
canopy, and the young tree trunks have not yet developed the characteristic epiphytic cover.

Range and Abundance: Ranked G1. This subtype is confined to just a few mountain ranges: the
Black Mountains, Smokies, Richland Balsam, and Grandfather Mountain. It is present on Mount
LeConte and Clingmans Dome in Tennessee but is otherwise endemic to North Carolina.

Associations and Patterns: The Herb Subtype grades to Fraser Fir Forest (Rhododendron
Subtype) on more exposed sites. It grades to Red Spruce—Fraser Fir Forest, especially the Herb
Subtype, at lower elevations.

Variation: Watson-Cook (2017) recognized two minor variants as well as the classic version of
this community. Both of the variants are in lower mountain ranges in places that were logged; they
thus appear to be fir-dominated successional versions of Red Spruce—Fraser Fir Forest rather than
places that have all the characteristics of Fraser Fir Forest. Crandall (1958) recognized four site
types within the range of variation covered by this subtype: Oxalis-Hylocomium, Oxalis-
Dryopteris, Viburnum-Vaccinium-Dryopteris, and Senecio (i.e., Rugelia nudicaulis). These do not
seem to be distinguishable in the broader range of this community. Given the extreme changes all
examples have undergone, much greater variation in disturbance response now masks any such
variation. Many examples that remain now show none of these undergrowth types. Rugelia
nudicaulis is confined to the Smoky Mountains and could be used to define a unique variant there,
but the occurrence of this species too has been heavily altered by the universal disturbance.

Dynamics: Dynamics are generally similar to those throughout the Spruce—Fir Forests theme.
However, the extreme high elevation and exposure of this subtype may subject it to more frequent
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or extreme disturbance by wind and ice. The dominance of fir without codominant spruce on the
highest peaks has been noted in ecological literature for decades (e.g., Whittaker 1956). Some
spruce, and even birch, is generally present to the highest elevations, showing that the change in
communities does not indicate a true limit of physiological tolerance but only a shift in dominance.
Busing (1985) and White et al. (1985) found that fir captured canopy gaps at several times the rate
the spruce did. The two coexisted in typical Red Spruce—Fraser Fir Forests because this was
balanced by the much shorter life span of fir. This dynamic may be shifted at the highest elevations,
with more frequent natural disturbance reducing the advantage of spruce’s potential life span.

The anomalous natural occurrence of Fraser Fir Forest at lower elevation on Grandfather Mountain
likely is caused by greater wind disturbance in the more extreme weather there. The shift to fir
dominance after logging (without slash fires), as at Roan Mountain, also results from the ability of
fir to capture gaps. Those logged stands can be expected to shift back to spruce dominance over
time.

In northern Appalachian forests of Abies balsamea, there is a well-studied phenomenon of “fir
waves” — migrating elongate canopy gaps. A progression of tree ages on one side shows how the
gap has moved in the direction of prevailing winds. The mechanism is increased harshness of the
environment at the downwind edge of a gap, which makes older trees more likely to die. On the
upwind side, young trees that established on the more sheltered side of the gap are less susceptible
to wind. The result is a set of periodic wave-like gradients in tree age. A similar pattern reportedly
could be observed in fir forests in Japan. Shortly before the last fir stands died, a pattern of linear
gaps was visible on the flank of Mount Mitchell. It is possible that this phenomenon occurred there
as well, but the evidence is now lost. Once the structured age pattern is eliminated, it may not
easily reform.

Comments: A successional association, Rubus canadensis - (Rubus idaeus ssp. strigosus) /
Athyrium filix-femina - Solidago glomerata Shrubland (CEGL003893), has been defined to cover
examples of fir forests where canopy trees have died and not regenerated.

The distinction between Red Spruce—Fraser Fir Forest and Fraser Fir Forest has been blurred by
the widespread death of firs and may become lost as the climate becomes warmer. However, it
appears worth keeping recognition of these community types for the present. After 50 years since
the first widespread death of fir, spruce has not come to dominate the highest peaks.

Rare species:
Vascular plants — Calamagrostis canadensis var. canadensis, Cystopteris fragilis, Phegopteris
connectilis, Poa palustris, Rubus strigosus, and Rugelia nudicaulis.

Nonvascular plants — Bazzania nudicaulis, Hylocomiastrum umbratum, Hypotrachyna sinuosa,
Hypotrachyna virginica, Leptodontium excelsum, Leptoscyphus cuneifolius, Lobarina
scrobiculata, Plagiochila austinii, Plagiochila exigua, Polytrichastrum alpinum, Sphagnum
squarrosum, and Sphenolobopsis pearsonii.
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Vertebrate animals — Aegolius acadicus, Catharus guttatus, Catharus ustulatus, Certhia
americana, Microtus chrotorrhinus carolinensis, Mustela nivalis, Poecile atricapillus, Setophaga
coronata, and Setophaga magnolia.

Invertebrate animals — Eilema bicolor, Entephria separata, Fumonelix wheatleyi clingmanicus,
Gazoryctra sciophanes, Hydriomena exculpata, Korscheltellus gracilis, Microhexura montivaga,
Pallifera hemphilli, Polygonia faunus, Syngrapha alias, and Xestia perquiritata.
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FRASER FIR FOREST (RHODODENDRON SUBTYPE)

Concept: Fraser Fir Forests are the highest mountain forests, in which Abies fraseri naturally
dominates and the few other tree species are distinctly subordinate under natural conditions.
Widespread mortality caused by balsam woolly adelgid has left many areas devoid of canopy at
present. The Rhododendron Subtype covers those examples with canopies dominated by Abies
fraseri and with a substantial evergreen heath layer, usually Rhododendron catawbiense. These
are generally associated with more exposed topography, such as sharp ridge tops, and areas with
shallow soil near rock outcrops.

Distinguishing Features: Fraser Fir Forest is theoretically distinguished from Red Spruce—Fraser
Fir Forest and all other natural communities by having present or recent past natural dominance
by Abies fraseri, making up 67 percent or more of the canopy cover. The Rhododendron Subtype
is distinguished from the Herb Subtype by having a well-developed shrub layer dominated by
Rhododendron or other evergreen heaths in places with exposed topography. Exposed very high
elevation sites with large numbers of dead trees and dominance by Rhododendron can be assumed
to be degraded examples of this subtype.

Crosswalks: Abies fraseri / (Rhododendron catawbiense, Rhododendron carolinianum) Forest
(CEGL006308).

G632 Central & Southern Appalachian Red Spruce - Fir - Hardwood Forest Group.

Central and Southern Appalachian Spruce-Fir Forest Ecological System (CES202.028).

Sites: Fraser Fir Forest occurs on ridge tops and slopes at the highest elevations, generally above
6200 feet, though lower in the extreme climate of Grandfather Mountain. The Rhododendron
Subtype occurs on sharp ridge tops, south-facing slopes, and areas with shallow soils near rock
outcrops.

Soils: This subtype occurs in association with rock outcrops and in other areas that appear to have
shallow soil. They generally are not specifically distinguished in soil mapping but are likely as
heterogeneous as other spruce-fir soils.

Hydrology: As with other Spruce—Fir Forests, this community is generally wet to mesic,
sometimes saturated for long periods by active rainfall and fog. However, the shallow soil is more
prone to becoming dry in periods without rain or fog.

Vegetation: The Rhododendron Subtype has a closed to open tree canopy dominated by Abies
fraseri, sometimes with small numbers of Picea rubens, Sorbus americana, Betula alleghaniensis,
or Prunus pensylvanica. The canopy trees may be small and stunted. There generally are no other
understory species, though Acer spicatum, Amelanchier laevis, or other understory species of other
subtypes might be present. There is a dense shrub layer, generally dominated by Rhododendron
catawbiense or Rhododendron carolinianum. Other shrubs may include Rhododendron
(Menziesia) pilosum or Diervilla sessilifolia. Herbs are sparse, sometimes completely absent
except on small rock outcrops within the community. However, bryophytes may be abundant in
some places, with Hylocomium splendens, Sphagnum spp., and Polytrichum ohioense being noted
by Crandall (1958).
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Range and Abundance: Ranked G1. This subtype is one of the rarest of Spruce—Fir Forests,
occurring only as small patches within a matrix of the Herb Subtype. It is confined to just a few
mountain ranges: the Black Mountains, Smokies, Richland Balsam, and Grandfather Mountain. It
is present on Mount LeConte and Clingmans Dome in Tennessee but is otherwise endemic to
North Carolina.

Associations and Patterns: The Rhododendron Subtype is associated with the Herb Subtype, and
often also with High Elevation Rocky Summit.

Variation: Examples may be heterogeneous over very fine scales, with the transition to adjacent
communities or with occurrence of small rock outcrops within them.

Dynamics: All aspects of general Spruce-Fir Forest dynamics are expected to be similar in this
subtype, except that the more extreme sites may have more frequent natural disturbance and slower
tree regeneration.

Comments: This subtype appears to be very rare and is often absent even on exposed ridge tops.
Some literature suggests it is part of a regularly occurring community pattern, but this is not the
case in the author’s experience.

Rare species:
Vascular plants — Calamagrostis canadensis var. canadensis, Cystopteris fragilis, Phegopteris
connectilis, Poa palustris, Rubus strigosus, and Rugelia nudicaulis.

Nonvascular plants — Bazzania nudicaulis, Hylocomiastrum umbratum, Hypotrachyna sinuosa,
Hypotrachyna virginica, Leptodontium excelsum, Leptoscyphus cuneifolius, Lobarina
scrobiculata, Plagiochila austinii, Plagiochila exigua, Polytrichastrum alpinum, Sphagnum
squarrosum, and Sphenolobopsis pearsonii.

Vertebrate animals — Aegolius acadicus, Catharus guttatus, Catharus ustulatus, Certhia
americana, Microtus chrotorrhinus carolinensis, Mustela nivalis, Poecile atricapillus, Setophaga
coronata, and Setophaga magnolia.

Invertebrate animals — Eilema bicolor, Entephria separata, Fumonelix wheatleyi clingmanicus,

Gazoryctra sciophanes, Hydriomena exculpata, Korscheltellus gracilis, Microhexura montivaga,
Pallifera hemphilli, Polygonia faunus, Syngrapha alias, and Xestia perquiritata.
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RED SPRUCE-FRASER FIR FOREST (HERB SUBTYPE)

Concept: Red Spruce—Fraser Forests are high mountain forests in which Picea rubens, with or
without Abies fraseri or hardwoods, is naturally dominant. The Herb Subtype is the most typical
subtype, encompassing examples with a mix of Picea and Abies dominating and with lower strata
consisting of deciduous shrubs, herbs, and mosses.

Distinguishing Features: Red Spruce—Fraser Fir Forests are distinguished by canopy dominance
of Picea rubens alone or with Abies fraseri, Betula alleghaniensis, Sorbus americana, or
occasionally other hardwoods, in a high elevation upland setting. The Herb Subtype is
distinguished from the Rhododendron Subtype and Low Rhododendron Subtype by dominance of
the lower strata by herbs or deciduous shrubs, rather than by Rhododendron spp. It is distinguished
from the Birch Transition Herb Subtype and Birch Transition Shrub Subtype by having less than
33% cover of Betula alleghaniensis or other hardwoods (other than Sorbus americana) in the
canopy, counting gaps recently occupied by now-dead Abies fraseri. The Herb Subtype is
distinguished from the Boulderfield Subtype, which also has a deciduous shrub, herb, and moss
undergrowth, by having boulder cover less than 90 percent, having a richer herb layer, and having
Ribes spp., Polypodium appalachianum, and other boulderfield species present in no more than
small numbers.

Crosswalks: Picea rubens - (Abies fraseri) / Vaccinium erythrocarpum / Dryopteris campyloptera
/ Hylocomium splendens Forest (CEGL007131).

G632 Central & Southern Appalachian Red Spruce - Fir - Hardwood Forest Group.

Central and Southern Appalachian Spruce-Fir Forest Ecological System (CES202.028).

Sites: The Herb Subtype occurs on ridge tops and slopes at high elevations, generally 5500-6200
feet.

Soils: Any of the soils typical of high mountains may support this community. See the discussion
of soils for the Spruce-Fir Forests theme as a whole.

Hydrology: Red Spruce-Fraser Fir Forests are mesic to wet due to high rainfall, long periods
bathed in fog, low temperatures, and, usually, high water-holding capacity in the organic-rich soil.

Vegetation: In a natural state, the Herb Subtype is a closed forest, except for small to medium
canopy gaps. It is dominated by Picea rubens with varying amounts of Abies fraseri and limited
amounts of Betula alleghaniensis and Sorbus americana. Betula cordifolia and other tree species
may be present only in small numbers. Betula alleghaniensis is usually present but comprises less
than 33% of the canopy in unaltered stands. Abies is usually present but may be absent. Watson-
Cook (2017) found an average of 25-50% cover each of Picea and Abies in the cluster of typical
plots of this community. Betula alleghaniensis averaged 10-25% cover; Sorbus average cover was
very low.

The understory is sparse to moderate except in canopy gaps. All three main canopy dominants may

be fairly abundant in the understory. Other species may include Acer spicatum, Acer rubrum, Acer
pensylvanicum, Fagus grandifolia, and Amelanchier laevis. The shrub layer may be sparse to
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dense. Sometimes saplings of spruce or fir dominate. Vaccinium erythrocarpum, Vaccinium
corymbosum, Vaccinium simulatum, Viburnum lantanoides, Viburnum cassinoides, and Sambucus
racemosa var. pubens are reported as relatively frequent and abundant in most site descriptions.
Rubus canadensis has become frequent and often abundant after widespread canopy opening from
a variety of causes. However, Watson-Cook (2017), analyzing plot data generally from the 1990s-
2000s, found Rhododendron maximum to be the most constant shrub species, and the most
abundant on average. The other shrub species were less constant and had lower average abundance.
The herb layer may range from nearly absent to a lush cover of ferns or forbs over a thick bed of
moss. Most often dominant species are Dryopteris campyloptera, Dryopteris intermedia, Athyrium
asplenioides, Sitobolium (Dennstaedtia) punctilobulum, Oclemena acuminata, Oxalis montana,
Ageratina roanensis and, in the Smokies, Rugelia nudicaulis. Other frequent and abundant herbs
include Carex intumescens, Circaea alpina, Chelone glabra, Eurybia chlorolepis, Glyceria
melicaria, Clintonia borealis, Viola blanda, Tiarella cordifolia, Huperzia lucidula, Solidago
glomerata, and Dryopteris intermedia (Watson-Cook 2017; Crandall 1958; Whittaker 1956;
Pittillo 1984. Bryophytes are usually particularly prominent in these communities. Hylocomium
splendens, Ptilimnium crista-castrensis, Polytrichum spp., and Atrichum spp. may form dense
beds, alone or beneath fern or forb cover. Epiphytic mosses and liverworts are also characteristic,
with several species specialized for bark of mature fir trees. This lush, bryophyte-rich herb layer
is now uncommon but was common in older stands with intact canopy in the author’s experience
in the 1980s. It is emphasized by almost all earlier literature.

Range and Abundance: Ranked G2. This appears to be the most widespread of the spruce-fir
communities, probably because it is more broadly defined than most, but it is still extremely
limited by the scarcity of land area at high elevation and by losses in the early 1900s. The bulk of
the global range of this community and corresponding NVC association is in North Carolina; it
extends into Tennessee and Virginia. The southern limit is Richland Balsam and the central Smoky
Mountains; the northern limit of its relatively contiguous range is Mt. Rogers in Virginia, but some
disjunct stands farther north in Virginia and West Virginia are also attributed to the association.
Spruce-fir forests of all subtypes are absent from several mountain ranges within their geographic
and elevation range, such as the Craggy Mountains and Elk Knob.

Associations and Patterns: The Herb Subtype is usually associated with other subtypes of Red
Spruce-Fraser Fir Forest, grading to the Rhododendron Subtype around rock outcrops, to the Birch
Transition Herb and Birch Transition Shrub Subtypes at lower elevation. It grades to Fraser Fir
Forest at higher elevations. Northern Hardwood Forest (Beech Gap Subtype) may occur in the
same elevational range, on upper south-facing concave slopes.

Variation: This is the most broadly defined of the spruce-fir subtypes, representing the most
common version in the middle range of its environment. As such, there is substantial variation in
vegetation, especially in the lower strata. Variation is now confused because of widespread
alteration caused by balsam woolly adelgid, and variable recovery since that time. There are
floristic and vegetational differences among Red Spruce—Fraser Fir Forest in different mountain
ranges (Pittillo 1984; Schwartzkopf 1974), but most such differences are much less than the
variation within single stands. Crandall (1958), working in old-growth forests of the Smokies
before balsam woolly adelgid disturbance, described five undergrowth types in spruce-fir forests
of the Smokies, three of which would fall within this subtype. Her Oxalis-Hylacomium and
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Viburnum-Vaccinium-Dryopteris, said to be associated with different elevational ranges, do not
seem to be readily distinguishable throughout the range of the community. Her third, Cacalia
rugelia (Rugelia nudicaulis) type is distinctive for biogeographic reasons, because the species is
limited to the Great Smoky Mountains. Watson-Cook (2017), analyzing CVS data representing
most sites other than the Smokies, post-adelgid, found four floristic clusters within this subtype
that she chose to recognize. One is transitional to the Birch Transition Herb Subtype, one is
transitional to the Rhododendron Subtype, and one represents a more herbaceous/less shrubby set,
relative to the fourth, classic version. The numbers of plots representing those clusters other than
the classic is small, generally three, and the level of difference seems too small to recognize as
variants, though further consideration is warranted.

Thus, two variants are recognized:

1. Typic Variant has variable deciduous shrub, forb, fern, and moss dominance in the lower strata.
It remains heterogeneous, and study of occurrences if they stabilize and recover from recent
disturbances may lead to confirmation of the Crandall (1958) subtypes or recognition of other
subtypes.

2. Ragwort Variant is a biogeographic variant having Rugelia nudicaulis as the predominant herb.
This species occurs only in the Great Smoky Mountains, where it often dominates the herb layer.
This variant co-occurs with the Typic Variant in the Smokies and occurs nowhere else.

Dynamics: All of the dynamics discussed in the theme description apply to this subtype.

Comments: Most of the extensive study of Spruce-Fir Forests in general has been carried out in
examples of this subtype.

Rare species:

Vascular plants — Athyrium angustum, Betula cordifolia, Calamagrostis canadensis var.
canadensis, Cardamine clematitis, Carex projecta, Cystopteris fragilis, Gentiana latidens, Lilium
grayi, Monarda media, Phegopteris connectilis, Poa palustris, Rhododendron vaseyi, Rugelia
nudicaulis, Rubus strigosus, Sceptridium oneidense, Stachys clingmanii, and Streptopus
amplexifolius var. amplexifolius.

Nonvascular plants — Acrobolbus ciliatus, Arthonia cupressina, Bazzania nudicaulis,
Brachydontium trichodes, Brachythecium rotaeanum, Cetrelia cetrarioides, Coniarthonia
kermesina, Diplophyllum taxifolium var. mucronatum, Frullania appalachiana, Gymnoderma
lineare, Herzogiella turfacea, Hylocomiastrum umbratum, Hypotrachyna sinuosa, Hypotrachyna
virginica, Lecanora anakeestiicola, Leptodontium excelsum, Leptodontium flexifolium,
Leptohymenium  sharpii, Leptoscyphus cuneifolius, Lobarina scrobiculata, Metzgeria
consanguinea, Metzgeria violacea, Plagiochila exigua, Polytrichastrum alpinum, Ptilidium
ciliare, Rhytidiadelphus subpinnatus, Sphagnum squarrosum, and Sphenolobopsis pearsonii.

Vertebrate animals — Aegolius acadicus, Catharus guttatus, Catharus ustulatus, Certhia
americana, Desmognathus organi, Desmognathus wrightii, Glaucomys sabrinus coloratus, Loxia
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curvirostra, Microtus chrotorrhinus carolinensis, Mustela nivalis, Poecile atricapillus,
Setophaga coronata, Setophaga magnolia, and Sylvilagus obscurus.

Invertebrate animals — Eilema bicolor, Entephria separata, Eulonchus marialiciae, Fumonelix
wheatleyi clingmanicus, Gazoryctra sciophanes, Hydriomena exculpata, Korscheltellus
gracilis, Microhexura montivaga, Pallifera hemphilli, Pallifera ohioensis, Polygonia faunus,
Syngrapha alias, and Xestia perquiritata.
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RED SPRUCE-FRASER FIR FOREST (RHODODENDRON SUBTYPE)

Concept: Red Spruce—Fraser Forests are high mountain forests in which Picea rubens, with or
without Abies fraseri or hardwoods, is naturally dominant. The Rhododendron Subtype covers
those examples with a substantial evergreen heath shrub layer, generally associated with exposed
topography and shallow soils.

Distinguishing Features: Red Spruce—Fraser Fir Forests are distinguished by canopy dominance
of Picea rubens alone or with Abies fraseri, Betula alleghaniensis, Sorbus americana, or
occasionally other hardwoods, in a high elevation upland setting. The Rhododendron Subtype is
distinguished from the Low Rhododendron Subtype by occurrence at higher elevations, in
topographically exposed sites, and generally by having substantial Rhododendron catawbiense or
Rhododendron carolinianum rather than strong dominance by Rhododendron maximum. It is
distinguished from the Herb Subtype and Boulderfield Subtype by its well-developed evergreen
shrub layer. It is distinguished from the Birch Transition Subtypes by having less than 33% cover
of Betula in the canopy when not disturbed. This subtype may be transitional to Heath Bald, but
can be distinguished by a well-developed, though sometimes open, tree canopy.

Crosswalks: Picea rubens - (Abies fraseri) /| (Rhododendron catawbiense, Rhododendron
maximum) Forest (CEGL007130).

G632 Central & Southern Appalachian Red Spruce - Fir - Hardwood Forest Group.

Central and Southern Appalachian Spruce-Fir Forest Ecological System (CES202.028).

Sites: The Rhododendron Subtype occurs on sharp ridge tops and convex slopes, generally at
5500-6200 feet, generally with shallow soils or associated with rock outcrops.

Soils: This subtype occurs in association with rock outcrops and in other areas that appear to have
shallow soil. Soils are mapped similarly to other Spruce-Fir Forests but may be inclusions within
those map units.

Hydrology: As with other Spruce-Fir Forests, the Rhododendron Subtype is generally wet to
mesic, sometimes saturated for long periods. However, the shallow soil is more prone to becoming
dry in periods without rain or fog.

Vegetation: The Shrub Subtype has a closed to open tree canopy dominated by Picea rubens, with
varying amounts of Abies fraseri, Betula alleghaniensis, and Sorbus americana. While the canopy
may be open due to fir mortality, it may also be open due to the presence of rock outcrops and
possibly due to greater canopy mortality related to shallow soils. Watson-Cook (2017) reported an
average of 25-50% spruce cover, with other species much less abundant. The understory, if
present, consists primarily of the canopy species. Amelanchier laevis is the only other understory
species she noted. There is a dense shrub layer dominated by Rhododendron catawbiense and
Rhododendron maximum. Other shrubs reported as abundant in some places are Viburnum
cassinoides, Vaccinium simulatum, Viburnum lantanoides, Diervilla sessiliflora, Pieris
floribunda, Aronia melanocarpa, Vaccinium stamineum, and Vaccinium pallidum (Watson-Cook
2017; Crandall 1958). The latter species is uncertain; it might possibly represent Vaccinium
altomontanum. Herbs are generally sparse and consist of the same species as in the Herb Subtype.
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Dryopteris campyloptera and Carex brunnescens are among the species noted in studies, though
Watson-Cook (2017) had a number of other species in plots that were transitional to the Herb
Subtype.

Range and Abundance: Ranked G1. This subtype is much less extensive than the Herb Subtype.
Even in areas with extensive spruce-fir forest, such as the central Smokies, it is limited to small
patches. It appears to be present in fewer sites, but this is uncertain given that it is not distinguished
in many site descriptions.

Associations and Patterns: The Rhododendron Subtype generally grades to the Herb Subtype,
but it may grade to any other subtype, to Fraser Fir Forest, Heath Bald, or High Elevation Rocky
Summit.

Variation: Examples are often heterogeneous over very fine scales, with the transition to adjacent
communities or with occurrence of small rock outcrops within them. Crandall (1958) loosely
recognized a rhododendron-viburnum type, codominated by Viburnum lantanoides. Watson-Cook
(2017) recognized a variant cluster transitional to a community resembling the Herb Subtype and
also recognized within the Herb Subtype a more shrubby version transitional to the Rhododendron
Subtype. In both cases, the author regards these as ecotonal and not distinct enough to recognize
as formal variants. More distinctive variants might be found amid the variations in shrub
composition among ranges, such as the abundance of Pieris floribunda in examples at Shining
Rock, but these need further study before recognizing.

Dynamics: All aspects of general Spruce-Fir Forest dynamics are expected to be similar in this
subtype, except that the more extreme sites may have more frequent natural disturbance and slower
tree regeneration. Though not well known, it appears that landslides, abundant in some mountain
ranges, may create habitat for this subtype.

Comments: As with the Rhododendron Subtype of Fraser Fir Forest, this subtype appears to be
very rare and is often absent even on exposed ridge tops. Some literature suggests it is part of a
regularly occurring community pattern, but this is not the case in the author’s experience.

The CVS data set analyzed by Watson-Cook appears to under-represent this subtype, with only a
few plots from a very limited number of sites. This is to be expected given the frequent steepness
and difficulty of working in this community. Older qualitative site descriptions usually don’t
distinguish this subtype from others, making it difficult to characterize.

Rare species:
Vascular plants — Betula cordifolia, Cystopteris fragilis, Glyceria nubigena Phegopteris
connectilis, Rhododendron vaseyi, Rubus strigosus, and Solidago spithamaea.

Nonvascular plants — Arthonia cupressina, Bazzania nudicaulis, Brachydontium trichodes,
Brachythecium rotaeanum, Cetrelia cetrarioides, Coniarthonia kermesina, Diplophyllum
taxifolium var. mucronatum, Frullania appalachiana, Gymnoderma lineare, Herzogiella turfacea,
Hylocomiastrum umbratum, Lecanora anakeestiicola, Leptodontium excelsum, Leptodontium
flexifolium, Leptohymenium sharpii, Leptoscyphus cuneifolius, Lobarina scrobiculata, Metzgeria
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consanguinea, Metzgeria violacea, Plagiochila exigua, Polytrichastrum alpinum, Ptilidium
ciliare, Rhytidiadelphus subpinnatus, Sphagnum squarrosum, and Sphenolobopsis pearsonii.

Vertebrate animals — Aegolius acadicus, Catharus guttatus, Catharus ustulatus, Certhia
americana, Desmognathus organi, Desmognathus wrightii, Glaucomys sabrinus coloratus, Loxia
curvirostra, Microtus chrotorrhinus carolinensis, Mustela nivalis, Poecile atricapillus, Setophaga
coronata, Setophaga magnolia, and Sylvilagus transitionalis.

Invertebrate animals — Eilema bicolor, Entephria separata, Eulonchus marialiciae, Fumonelix
wheatleyi clingmanicus, Gazoryctra sciophanes, Korscheltellus gracilis, Microhexura montivaga,
Polygonia faunus, Pallifera hemphilli, Pallifera ohioensis, Syngrapha alias, and Xestia
perquiritata
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RED SPRUCE-FRASER FIR FOREST (BOULDERFIELD SUBTYPE)

Concept: Red Spruce—Fraser Forests are high mountain forests in which Picea rubens, with or
without Abies fraseri or hardwoods, is naturally dominant. The Boulderfield Subtype covers
Picea-dominated boulderfields. Plants capable of rooting in moss mats or shallow soil make up
most of the community. This subtype is transitional to the High Elevation Birch Boulderfield
Forest type of lower elevations, but it is more similar to other spruce-fir forests than lower
elevation boulderfields are to Northern Hardwood Forests.

Distinguishing Features: Red Spruce—Fraser Fir Forests are distinguished by canopy dominance
of Picea rubens alone or with other species, in a high elevation upland setting. The Boulderfield
Subtype is distinguished from all other subtypes by occurring on a well-developed boulderfield. It
has near 100% ground cover of large rocks, with open spaces beneath the boulders, and with soil
present only as small pockets on top of rock. The herb layer consists primarily of species that can
root on moss mats or small soil pockets, such as Polypodium appalachianum and mosses. While
many spruce-fir forests of all subtypes are rocky and have shallow soil, this subtype is reserved
for the rare extreme setting of well-developed boulderfields.

Crosswalks: Picea rubens / Ribes glandulosum Forest (CEGL007128).
G632 Central & Southern Appalachian Red Spruce - Fir - Hardwood Forest Group.
Central and Southern Appalachian Spruce-Fir Forest Ecological System (CES202.028).

Sites: The Boulderfield Subtype occurs on steep high elevation slopes. Boulderfields are either
talus beneath large rock outcrops or are colluvial deposits that apparently result from periglacial
processes during the Pleistocene.

Soils: Soils probably represent an unnamed series. Boulders, often up to several meters across,
cover all of the surface, and generally are piled several deep. Voids between the boulders below
the surface distinguish them from the common rocky soils of the high mountsins. Soil is limited to
shallow accumulations of organic matter on top of rocks or in pockets between them.

Hydrology: The general setting is mesic to wet due to high rainfall, long periods bathed in fog,
and low temperatures; however, water-holding capacity is low in the small soil pockets and
drainage is rapid through the large voids. Conditions may become dry in even short periods of
drought.

Vegetation: The Boulderfield Subtype has a closed or somewhat open canopy dominated by Picea
rubens and Betula alleghaniensis, sometimes with small numbers of Abies fraseri or Tsuga
canadensis. The understory is dominated by Acer spicatum, with Sorbus americana the only other
likely species other than canopy species. There may be a very open shrub layer, with Viburnum
lantanoides the most constant and abundant species. Other shrubs sparsely present may include
Vaccinium erythrocarpum, Rhododendron catawbiense, and Ribes cynosbati or Ribes
glandulosum. The herb layer consists primarily of species able to live on bare rock. There is often
extensive moss cover. Polypodium appalachianum is extensive in most places. Other herbs typical
of spruce-fir forests are present in favorable soil pockets, including Dryopteris campyloptera,
Dryopteris intermedia, Oxalis montana, and Huperzia lucidula.
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Range and Abundance: Ranked G1. This appears to be the rarest of Spruce—Fir Forest subtypes.
Extensive examples are known only from Grandfather Mountain, but small examples are present
in other mountain ranges. It is either endemic to North Carolina or has a small occurrence in
Tennessee.

Associations and Patterns: The Boulderfield Subtype grades to other subtypes of Red Spruce—
Fraser Fir Forest.

Variation: Examples vary with the transition to adjacent communities.

Dynamics: Dynamics are intermediate between those of the Spruce—Fir Forests theme in general
and of other boulderfield communities. Canopy gaps can be expected to persist longer because of
the difficulty of tree establishment. The extent of the ground surface where tree seedlings can
establish is limited, though it is sufficient to lead to a full forest canopy. The boulderfields seem
to be stable but shifting or falling of rocks may occur occasionally and lead to local disturbance.

Comments: This is one of the least studied spruce-fir subtypes, yet it is perhaps the most
distinctive in flora and ecology. It is not mentioned in any of the earlier published literature. It has
been observed by the author, several CVS plots document it, and it was recognized in Watson-
Cook (2017) based on these plots.

Recognition of well-developed boulderfields is easy in person, where the near total cover of moss-
and fern-covered rocks is very distinctive and the near impossibility of walking is obvious. But
boulderfields can be difficult to recognize in both qualitative descriptions and plot data, since many
spruce-fir sites have abundant boulders and since boulderfield communities can have many species
of deeper soils present in small numbers.

Though Ribes was mentioned in earlier drafts of the 4™ approximation and is included in the NVC
association name, no species of Ribes is abundant in any of the plots or in known examples of this

community.

Rare species:
Invertebrate animals — Nesticus mimus.
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RED SPRUCE-FRASER FIR FOREST (BIRCH TRANSITION HERB SUBTYPE)

Concept: Red Spruce—Fraser Forests are high mountain forests in which Picea rubens, with or
without Abies fraseri or hardwoods, is naturally dominant. The Birch Transition Herb Subtype
covers forests on open slopes in the broad transition zone where Red Spruce—Fraser Fir Forest
grades to Northern Hardwood Forest with a fairly even mix of Betula alleghaniensis and Picea
rubens in the canopy. A dense ericaceous shrub layer is absent. This is the lower elevation
equivalent of the Herb Subtype.

Distinguishing Features: The Birch Transition Herb Subtype is distinguished from most other
subtypes by canopy composition, which naturally includes more than 33% cover of Betula
alleghaniensis and more than 33% cover of Picea rubens in a well-developed, undisturbed canopy.
It is distinguished from the Birch Transition Shrub Subtype, which has a similar canopy, by having
lower strata dominated by deciduous shrubs and herbs, instead of evergreen shrubs. It is
distinguished from the Boulderfield Subtype by having less than 90 percent boulder cover and
having only small amounts of characteristic boulderfield species.

Crosswalks: Picea rubens - (Betula alleghaniensis, Aesculus flava) / Viburnum lantanoides /
Solidago glomerata Forest (CEGL006256).

G632 Central & Southern Appalachian Red Spruce - Fir - Hardwood Forest Group.

Central and Southern Appalachian Spruce-Fir Forest Ecological System (CES202.028).

Sites: The Birch Transition Herb Subtype occurs on open slopes and upper valleys in the lower
elevational range of spruce-fir forests, generally 4500-5500 feet elevation.

Soils: It is unclear how much the discussion of soils for the Spruce-Fir Forests theme applies to
the Birch Transition Herb Subtype. Soils likely are similar to those of other spruce-fir forests but
may be deeper and better developed in the somewhat lower elevation and warmer climate.

Hydrology: Moisture levels are high, as in other spruce-fir forests, but warmer temperatures and
occurrence below the zone of maximum fog likely makes this community less wet.

Vegetation: The Birch Transition Herb Subtype forest canopy is closed except for recent gaps.
The canopy is codominated by a combination of Picea rubens and Betula alleghaniensis. Abies
fraseri may or may not be present, and a variety of lower elevation trees may occur in smaller
numbers, including Aesculus flava, Acer rubrum, Acer saccharum, Betula lenta, Fagus
grandifolia, and Quercus rubra. Watson-Cook (2017) described this community in detail, based
on CVS plot data. The understory is generally dominated by Acer pensylvanicum, Acer spicatum,
or some of the canopy species. Deciduous shrubs may be of moderate density, with Vaccinium
erythrocarpum, Viburnum lantanoides, and Ilex montana often abundant. Rhododendron
catawbiense and Rhododendron maximum may be present in small amounts. The herb layer is well
developed and tends to be dominated by vascular plants rather than bryophytes. The most frequent
and abundant species are Maianthemum canadense, Oclemena acuminata, Oxalis montana,
Huperzia lucidula, Dryopteris intermedia, Clintonia borealis, Dryopteris intermedia, and Carex
pensylvanica. A number of shrub and herb species shared with lower elevation communities may
be present, including Eurybia chlorolepis, Maianthemum racemosum, Medeola virginica,
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Amauropelta (Parathelypteris) noveboracensis, Smilax herbacea, Viola pallens, Trillium erectum,
and Hamamelis virginiana. Other species of high elevations, such as Dryopteris campyloptera,
may also be present. Crandall (1958) also noted Rudbeckia laciniata, Nabalus altissima,
Polygonatum pubescens, Hydrangea arborescens, Viburnum cassinoides, Solidago curtissii,
Laportea canadensis, and a variety of additional herbaceous species in this community in the
Smokies.

Range and Abundance: Ranked G2. The equivalent NVC association is attributed only to North
Carolina and Tennessee, though comparable communities may exist in Virginia. It is of one the
most common subtypes but is nevertheless of very limited extent.

Associations and Patterns: The Birch Transition Herb Subtype is intermediate between the Herb
Subtype and Northern Hardwood Forest, and grades to both. It may be associated with the Birch
Transition Shrub Subtype or Low Rhododendron Subtype locally. Its pattern of occurrence on the
landscape appears to be patchy and irregular, with the communities that are ostensibly of higher
and lower elevations often interspersed within the same elevation. This is often attributed to the
effects of logging, with an assumption that spruce was once present in areas that now appear to be
Northern Hardwood Forest, or that the mixed canopy indicates a loss of spruce. This may
sometimes be true but cannot be assumed. A similar patchwork pattern is visible in the unlogged
forests of the Great Smoky Mountains. This pattern needs further investigation.

Variation: Examples vary with the transition to adjacent communities. Watson-Cook (2017)
identified several groupings within the CVS data. Two she recommended as new associations and
two as more minor variations that appear to be related to the transition to adjacent communities.
These are not adopted as new subtypes at this time but some are recognized as variants. They
should be investigated for consistent occurrence and may warrant recognition as subtypes in the
future. Crandall (1958) recognized two groupings within the range covered by the subtype. One
she called a Viburnum type, which had high cover of deciduous shrubs. The other, called Aster
type, had a diversity of forbs.

Three variants are recognized:

1. Typic Variant fits the general description of the subtype.

2. Rich Variant contains a higher diversity of species in all strata and contains species suggestive
of richer soil, such as Laportea canadensis and Brachyelytrum erectum. Four plots were identified
as this group, all in the Balsam Mountains near Shining Rock, and all substantially altered by
logging and slash fires. Crandall’s Aster type may have affinities to this as well, as it contains
Laportea. This variant is almost well enough marked to be treated as a subtype. Further
investigation may find it so, especially if it is found in other mountain ranges where conditions
would seem to be appropriate for it, such as Roan Mountain and the Black Mountains.

3. Heartleaf Birch Variant contains an appreciable component of Betula cordifolia along with the
typical dominants. Two plots were identified as this group, both in the Black Mountains, the only
range where the species occurs in North Carolina.

Dynamics: The dynamics of this subtype have not been specifically addressed separately from the

widely studied higher elevation Herb Subtype. They likely are similar, but the warmer, less
exposed environment allows greater competitiveness of Betula and allows a number of additional
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species to persist. These lower elevation sites are closer to areas that naturally burned regularly,
but they are still generally separated from more fire-adapted communities by a zone of the less
flammable Northern Hardwood Forest. The abundance of fire-intolerant spruce suggests fire is not
a significant influence.

Because this subtype has little or no fir, it has not been devastated by balsam woolly adelgid the
way higher elevation subtypes have. It apparently was still affected by the slowing of growth that
was believed to be caused by air pollution and acid deposition.

Logging and slash fires in the early 1900s affected this subtype to varying degrees. Because of the
higher concentration of spruce at higher elevation, logging railroads were built above it and
logging reached it with varying levels of intensity. Slash fires too, spreading downhill, may
sometimes have halted or lost intensity before reaching it. In some places, there are remnant
patches of this subtype where the other subtypes uphill were devastated by logging and fires. In
other places, forests are in a young or successional state across this zone, making it difficult to tell
the natural proportions of trees and thus difficult to distinguish the communities.

This subtype often occurs in a mosaic or interfingered pattern with other Red Spruce—Fraser Fir
Forest subtypes and with Northern Hardwood Forests. The natural drivers that lead to this
patchiness and the specific locations are not known and need investigation.

Comments: This subtype is conceptually intermediate between Red Spruce—Fraser Fir Forest and
Northern Hardwood Forest. It could perhaps be placed as easily in either type. It could also be
regarded as ecotonal and not worthy of recognition at all. It is accepted here because of its ability
to occupy extensive areas in natural landscapes. It appears to be optimal habitat for Glaucomys
sabrinus coloratus, which uses a mix of spruce and birch.

Ulrey’s (2002) analysis of 1273 mountain forest plots found a yellow birch-spruce community,
which was included in the group of northern hardwood forests rather than the spruce-fir group. It
seems to include both the Birch Transition Herb and Birch Transition Shrub subtypes. However,
Rhododendron maximum had high 81% constancy among the 16 yellow birch-spruce plots. The
only species with high constancy in Ulrey (2002) (combined herb and shrub subtypes) is Ilex
montana.

The Birch Transition Herb Subtype is sometimes assumed to be a degraded forest that once had
stronger spruce dominance. Mixed stands, or stands of hardwood with only a few spruce, often
regenerated where spruce-dominated forests were logged in the Central Appalachians. In the
Southern Appalachians, most places where spruce forests that were logged and burned did not
recover to spruce dominance, but mixed successional stands are less common and are often
ambiguous. More often, logged and burned areas lack a full forest canopy altogether, while logged
areas that did not burn became dominated by fir. Mixed forests are extensive in the lower
elevational range of spruce in the unlogged portions of the Great Smoky Mountains and other
mountain ranges, where they must be regarded as the natural state. These areas often interfinger
with patches of denser spruce or with no spruce at the same elevation, again with no evidence of
human alteration. Thus, below 5500 feet elevation, mixed forests or forests lacking spruce, even
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adjacent to forests with more spruce, cannot be assumed to be altered or in need of restoration
without further evidence.

Rare species:
Vascular plants — Athyrium angustum, Betula cordifolia, Calamagrostis canadensis var.
canadensis, Cardamine clematitis, Carex projecta, Cystopteris fragilis, Gentiana latidens, Lilium
grayi, Monarda media, Phegopteris connectilis, Poa palustris, Rhododendron vaseyi, Rubus
strigosus, Sceptridium oneidense, Stachys clingmanii, and Streptopus amplexifolius var.
amplexifolius.

Nonvascular plants — Acrobolbus ciliatus, Arthonia cupressina, Bazzania nudicaulis,
Brachydontium trichodes, Brachythecium rotaeanum, Cetrelia cetrarioides, Coniarthonia
kermesina, Diplophyllum taxifolium var. mucronatum, Frullania appalachiana, Gymnoderma
lineare, Herzogiella turfacea, Hylocomiastrum umbratum, Hypotrachyna sinuosa, Hypotrachyna
virginica, Lecanora anakeestiicola, Leptodontium excelsum, Leptodontium flexifolium,
Leptohymenium  sharpii, Leptoscyphus cuneifolius, Lobarina scrobiculata, Metzgeria
consanguinea, Metzgeria violacea, Plagiochila exigua, Pohlia lescuriana, Polytrichastrum
alpinum, Ptilidium ciliare, Rhytidiadelphus subpinnatus, Sphagnum squarrosum, and
Sphenolobopsis pearsonii.

Vertebrate animals — Aegolius acadicus, Catharus guttatus, Catharus ustulatus, Certhia
americana, Desmognathus organi, Desmognathus wrightii, Glaucomys sabrinus coloratus, Loxia
curvirostra, Microtus chrotorrhinus carolinensis, Mustela nivalis, Poecile atricapillus, Setophaga
coronata, Setophaga magnolia, and Sylvilagus transitionalis.

Invertebrate animals — Eilema bicolor, Entephria separata, Eulonchus marialiciae, Fumonelix
orestes, Fumonelix roanensis, Fumonelix wheatleyi clingmanicus, Gazoryctra sciophanes,
Hydriomena exculpata, Korscheltellus gracilis, Microhexura montivaga, Pallifera hemphilli,
Pallifera ohioensis, Polygonia faunus, Syngrapha alias, and Xestia perquiritata.
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RED SPRUCE-FRASER FIR FOREST (BIRCH TRANSITION SHRUB SUBTYPE)

Concept: Red Spruce—Fraser Fir Forests are high mountain forests in which Picea rubens, with or
without Abies fraseri or hardwoods, is naturally dominant. The Birch Transition Shrub Subtype
covers forests in the broad transition zone on open slopes, where Red Spruce—Fraser Fir Forest
grades to Northern Hardwood Forest with a fairly even mix of Betula alleghaniensis and Picea
rubens, and where a dense evergreen shrub layer is present. It is a lower elevation analogue of the
Rhododendron Subtype. The shrub layer is usually Rhododendron catawbiense or Rhododendron
maximum, but in the Smokies, Leucothoe fontanesiana may dominate.

Distinguishing Features: The Birch Transition Shrub Subtype is distinguished from most other
subtypes by canopy composition, which naturally includes more than 33% cover of Betula
alleghaniensis and more than 33% cover of Picea rubens in a well-developed, undisturbed canopy.
It is distinguished from the Birch Transition Herb Subtype by having a dense evergreen shrub layer
rather than deciduous shrubs and herbs.

Crosswalks: Crosswalks: Picea rubens - (Betula alleghaniensis, Aesculus flava) / Rhododendron
(maximum, catawbiense) Forest (CEGL004983).

G632 Central & Southern Appalachian Red Spruce - Fir - Hardwood Forest Group.

Central and Southern Appalachian Spruce-Fir Forest Ecological System (CES202.028).

Sites: The Birch Transition Shrub Subtype occurs on sharp ridge tops and convex slopes, generally
at 4500-5500 feet elevation, generally with shallow soils or associated with rock outcrops.

Soils: Soils are usually mapped as Inceptisols (Humadepts) of the Burton, Craggey, and Wayah
series, but may represent inclusions of a shallower series.

Hydrology: As with other Spruce-Fir Forests, the Birch Transition Shrub Subtype is generally wet
to mesic, sometimes saturated for long periods. However, the shallow soil is more prone to
becoming dry in periods without rain or fog. Warmer temperatures and occurrence below the zone
of maximum fog likely makes this community less wet than higher elevation subtypes.

Vegetation: The Birch Transition Shrub Subtype has a closed to open tree canopy codominated
by Picea rubens and Betula alleghaniensis. Other trees may include Quercus rubra, Tsuga
canadensis, Fagus grandifolia, and Acer rubrum. The understory may also include Amelanchier
laevis, Acer spicatum, and Acer pensylvanicum. The dense shrub layer is usually dominated by
Rhododendron maximum, with Rhododendron catawbiense much less frequent. Deciduous shrubs
such as Viburnum lantanoides, Vaccinium erythrocarpum, and Ilex montana may be present in
small amounts. The herb layer is sparse. Species are those typical of other spruce-fir forests, such
as Dryopteris campyloptera, Dryopteris intermedia, and Oclemena acuminata. Polypodium
appalachianum may be abundant where rock cover is high (Watson-Cook 2017; Crandall 1958).

Range and Abundance: Ranked G1?. This subtype was once thought confined to the Smokies,

but it appears to be present in several other ranges. The association ranges into adjacent Tennessee
and southern Virginia.
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Associations and Patterns: The Birch Transition Shrub Subtype grades to the Birch Transition
Herb Subtype on deeper soils and less exposed topography. It may grade to other subtypes or to
Northern Hardwood Forest.

Variation: No variants are recognized.

Dynamics: The dynamics of this subtype have not been specifically addressed as distinct from the
widely studied higher elevation Herb Subtype. They likely are similar, but the warmer, less
exposed environment allows greater competitiveness of Betula. These lower elevation sites are
closer to areas that naturally burned regularly, but they are still generally separated from more fire-
adapted communities by a zone of the less flammable Northern Hardwood Forest. The abundance
of fire-intolerant spruce suggests fire is not a significant influence. However, the ridge top
locations may make them more susceptible to lightning.

Comments: The association corresponding to this subtype was created for vegetation in the Great
Smoky Mountains. It is unclear if it occurs in any other parts of North Carolina. It may only
questionably be distinct from the Low Rhododendron Subtype.

Rare species:

Vascular plants — Athyrium angustum, Betula cordifolia, Calamagrostis canadensis var.
canadensis, Cystopteris fragilis, Gentiana latidens, Lilium grayi, Phegopteris connectilis, Poa
palustris, Rhododendron vaseyi, Rubus strigosus, and Sceptridium oneidense.

Nonvascular plants — Acrobolbus ciliatus, Arthonia cupressina, Bazzania nudicaulis,
Brachydontium trichodes, Brachythecium rotaeanum, Cetrelia cetrarioides, Coniarthonia
kermesina, Diplophyllum taxifolium var. mucronatum, Frullania appalachiana, Gymnoderma
lineare, Herzogiella turfacea, Hylocomiastrum umbratum, Lecanora anakeestiicola,
Leptodontium excelsum, Leptodontium flexifolium, Leptohymenium sharpii, Leptoscyphus
cuneifolius, Lobarina scrobiculata, Metzgeria consanguinea, Metzgeria violacea, Plagiochila
exigua, Pohlia lescuriana, Polytrichastrum alpinum, Ptilidium ciliare, Rhytidiadelphus
subpinnatus, Sphagnum squarrosum, and Sphenolobopsis pearsonii.

Vertebrate animals — Aegolius acadicus, Catharus guttatus, Catharus ustulatus, Certhia
americana, Desmognathus organi, Desmognathus wrightii, Glaucomys sabrinus coloratus, Loxia
curvirostra, Microtus chrotorrhinus carolinensis, Mustela nivalis, Poecile atricapillus, Setophaga
coronata, Setophaga magnolia, and Sylvilagus transitionalis.

Invertebrate animals — Eilema bicolor, Entephria separata, Eulonchus marialiciae, Fumonelix
orestes, Fumonelix roanensis, Fumonelix wheatleyi clingmanicus, Gazoryctra sciophanes,
Hydriomena exculpata, Korscheltellus gracilis, Microhexura montivaga, Pallifera hemphilli,
Pallifera ohioensis, Polygonia faunus, Syngrapha alias, and Xestia perquiritata.
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RED SPRUCE-FRASER FIR FOREST (LOW RHODODENDRON SUBTYPE)

Concept: Red Spruce—Fraser Forests are high mountain forests in which Picea rubens, with or
without Abies fraseri or hardwoods, is naturally dominant. The Low Rhododendron Subtype
covers the lowest elevation examples of Red Spruce-Fraser Forest Forests, in moist,
topographically sheltered sites. This subtype is transitional from spruce-fir forest to Acidic Cove
Forest. Picea rubens dominates or codominates with other mesophytic trees and there is an
evergreen shrub layer.

Distinguishing Features: Red Spruce—Fraser Fir Forests are distinguished by canopy dominance
of Picea rubens alone or with Abies fraseri, Betula alleghaniensis, Sorbus americana, or
occasionally other hardwoods, in a high elevation upland setting. The Low Rhododendron Subtype
is distinguished from other lower elevation Red Spruce—Fraser Fir Forests subtypes by the
combination of sheltered concave topography with a dense shrub layer of Rhododendron
maximum, generally at lower elevation than other subtypes. If other tree species are present, they
often are species of lower elevation mesic sites, such as Tsuga canadensis but may include Betula
alleghaniensis. This subtype often represents a situation of inverted zonation, occurring downbhill
of Northern Hardwood Forest or Mountain Oak Forest. The Birch Transition Shrub Subtype and
Rhododendron Subtype may also have abundant Rhododendron maximum but occur on convex
topography such as ridges and have associated species of drier sites.

Crosswalks: Picea rubens - (Tsuga canadensis) / Rhododendron maximum Forest
(CEGL006152).

G632 Central & Southern Appalachian Red Spruce - Fir - Hardwood Forest Group.

Central and Southern Appalachian Spruce-Fir Forest Ecological System (CES202.028).

Sites: The Low Rhododendron Subtype occurs on north-facing slopes, sheltered slopes, valley
heads, and ravines, generally at lower elevations than other subtypes. The full elevational range is
not well known, but examples are known down to near 4000 feet. Some examples occur as
downward extensions of spruce from extensive spruce-fir forests into upper valleys, while a few
are anomalous occurrences in high valleys distant from other spruce-fir forests. Cold air drainage
may be important for their occurrence at these low elevations.

Soils: Soils are not well known for this subtype.

Hydrology: Conditions are mesic due to topographic sheltering, but this subtype occurs below the
elevation of frequent fog and high rainfall, and its water input may be much lower than higher
elevation subtypes. Some occurrences are associated with Swamp Forest-Bog Complex, where
wetter conditions may be present.

Vegetation: The Low Rhododendron Subtype has a closed to open tree canopy dominated by
Picea rubens, sometimes codominated by Tsuga canadensis or Betula alleghaniensis. Other trees
may include Acer rubrum, Sorbus americana, and in the understory, Acer spicatum, or
Amelanchier laevis. There is a dense shrub layer dominated by Rhododendron maximum. Kalmia
latifolia may be fairly abundant, and though not reported, it is possible that Leucothoe fontanesiana
could dominate. Other shrubs include those typical of other spruce-fir forests, such as Viburnum
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lantanoides, Vaccinium erythrocarpum, and Vaccinium simulatum, and sometimes species shared
with nearby wetlands, such as Viburnum cassinoides and Sorbus melanocarpa.

Range and Abundance: Ranked G2G3 This subtype is often not mentioned or described well
enough to be recognized in past reports, making its abundance difficult to know. The
corresponding NVC association is broadly defined, and is considered to range northward to West
Virginia, where it may be more abundant, as well as into Tennessee.

Associations and Patterns: Most examples of the Low Rhododendron Subtype occur in the
highest mountain ranges where other subtypes are present. However, unusual examples of this
subtype occur without other spruce-fir forests in lower elevation sites at Alarka Laurel and Long
Hope Valley. In other sites, the Birch Transition Shrub or Birch Transition Herb Subtype may be
present uphill, but this subtype often extends below the elevational range of other spruce-fir
forests, so that it is surrounded by Northern Hardwood Forest on adjacent ridges. Downhill may
be Acidic Cove Forest. A couple of unusual examples are associated with Swamp Forest-Bog
Complex (Spruce Subtype).

Variation: Variation is not well known, other than that Tsuga canadensis may or may not
codominate. No formal variants are recognized.

Dynamics: The dynamics of this unusual subtype are virtually unknown and may be different
from the rest of the Spruce-Fir Forests theme.

Comments: The corresponding NVC association may be more broadly defined than this subtype.
Its description mentions occurrence on ridges as well as in valleys in parts of the range and
mentions Rhododendron catawbiense sometimes mixed in the shrub layer. This would appear to
overlap the concept of the Birch Transition Shrub Subtype and its equivalent association, and it is
unclear how they would be distinguished in such vegetation. This may represent variation in states
farther north, where the Birch Transition Shrub Subtype or Rhododendron Subtype are not
recognized.

Early versions of the 4™ approximation recognized a Hemlock Subtype at lower elevations. This
has been lumped into this subtype. The NVC association corresponding to it, Picea rubens - Tsuga
canadensis / Rhododendron maximum Forest (CEGL006272), has also been lumped.

Rare species:
Vascular plants — Cystopteris fragilis, Gentiana latidens, Phegopteris connectilis, and Sceptridium
oneidense.

Nonvascular plants — Acrobolbus ciliatus, Frullania appalachiana, Herzogiella turfacea,
Hylocomiastrum umbratum, Leptohymenium sharpii, Lobarina scrobiculata, Metzgeria
consanguinea, Metzgeria violacea, Pohlia lescuriana, Rhytidiadelphus subpinnatus, and
Sphagnum squarrosum.

Vertebrate animals — Aegolius acadicus, Catharus guttatus, Catharus ustulatus, Certhia
americana, Desmognathus organi, Desmognathus wrightii, Loxia curvirostra, Microtus
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chrotorrhinus carolinensis, Mustela nivalis, Poecile atricapillus, Setophaga coronata, Setophaga
magnolia, and Sylvilagus transitionalis.

Invertebrate animals — Eilema bicolor, Entephria separata, Fumonelix orestes, Fumonelix
roanensis, Fumonelix wheatleyi clingmanicus, Gazoryctra sciophanes, Korscheltellus gracilis,
Microhexura montivaga, Nesticus mimus, Pallifera hemphilli, Pallifera ohioensis, Polygonia
faunus, Syngrapha alias, and Xestia perquiritata.
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GRASS AND HEATH BALDS THEME

Concept: Grass and Heath Balds are non-forested high elevation communities occurring on well-
developed soils with only limited rock outcrops. They may be dominated by shrubs or herbs, and
they have sparse or no trees.

Distinguishing Features: Grass and Heath Balds are distinguished by natural dominance of dense
grasses, sedges, or shrubs with little or no tree cover at high to fairly high elevation (3600 feet or
above). Soils are deep, or shallow and rocky, but are well-developed, in contrast to those of glade
communities.

Heath Balds are distinguished by dense shrub layers dominated by Rhododendron catawbiense,
Rhododendron minus, Kalmia buxifolia, or other Ericaceae, with the dominant shrubs
distinguishing the subtypes. Most Grassy Balds are dense herbaceous vegetation dominated by
grasses or sedges. The Alder Subtype has an open to dense shrub layer of Alnus crispa with a
moderate to sparse herb layer beneath.

Sites: Grass and Heath Balds communities occur on higher elevation ridges and upper slopes. Most
examples are at high elevation, 4000 feet to over 6000 feet, but a few subtypes extend as low as
3600 feet. Heath Balds often occur on sharp, narrow spur ridges or narrow ridge tops but may
occur on broad domes or knobs or on convex slopes associated with rock outcrop communities.
Grassy Balds usually occur on broader ridge tops, knobs, and saddles.

Soils: Grass and Heath Balds occur on a wide variety of high elevation soils, mostly Inceptisols.
They may be rocky but, other than locally around embedded rock outcrops, are not unusually
shallow or rocky. Heath Bald soils sometimes have a thick organic layer that may constitute the
bulk of the soil.

Hydrology: Sites for balds have good drainage but are mesic because of high rainfall, long periods
bathed in fog, and low temperatures.

Vegetation: The Grass and Heath Balds theme encompasses two kinds of non-forest vegetation.
Heath Balds are shrublands that usually have dense, tall to short shrub canopies dominated by
Rhododendron catawbiense, Rhododendron minus, or other evergreen Ericaceae. Some deciduous
shrubs, such as Vaccinium spp., may also be present. Grassy Balds have dense herbaceous
vegetation generally dominated by Danthonia compressa or Carex spp., with various other
graminoids and forbs sometimes abundant. Grassy Bald (Alder Subtype) is intermediate in
structure, with an open to dense shrub layer of A/nus crispa and varying herbaceous cover beneath.
Some examples of Grassy Bald have developed sparse to dense stands of Rubus alleghaniensis,
Rubus canadensis, or various shrubs in recent decades. Sparse trees, often stunted, may be present
in either Grassy Balds or Heath Balds. Some balds show more recent substantial invasion by trees
which is not believed to be natural.

Dynamics: Dynamics appear to vary among different bald communities and may be particularly

different between Grassy Bald and Heath Bald. Details are discussed for the individual
communities. All of the balds occur in sites prone to severe weather and extreme conditions, but
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all are surrounded by forests in similar climate. The ecological processes or factors that keep them
open under natural conditions are not always well known, and ideas are sometimes controversial.

Comments: There has been confusion caused by varying meanings of the term “bald” in both
scientific and popular usage. Some known historic clearings are called balds in place names and
by various authors. Many forested mountain peaks are named as balds (e.g. Cheoah Bald) and this
has sometimes been used to argue that they should be cleared of their trees, though they may have
old forest and offer no evidence that they ever were treeless. It should be noted that the word “bald”
when applied to people, though it now means hairless, once also meant white-headed. Given the
tendency of snow and rime ice to form or persist only at higher elevations, it is possible we should
be looking to the bald eagle rather than the turkey vulture as an avian analogue for these names.
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KEY TO GRASS AND HEATH BALDS

1. Community dominated by grasses or sedges, or known to be formerly open and only recently
invaded by woody vegetation. Local shrub patches or more extensive invading shrubs or young
trees may be present in some examples.

2. Community dominated by grasses, generally Danthonia spicata, or of mixed herbaceous

vegetation in which grasses predominate over sedges.................. Grassy Bald (Grass Subtype)
2. Community dominated by sedges, generally Carex spp., or of mixed herbaceous vegetation in
which sedges predominate OVer grasses. .......cc.cceeeveerveerueenveennnens Grassy Bald (Sedge Subtype)

1. Community dominated by shrubs over the long term and apparently naturally. Area not known
to have been naturally open herb-dominated in the past. High grass or sedge cover is rarely present
beneath the shrub layer.
3. Community dominated by Alnus crispa, in a dense or open stand. Grasses or sedges sometimes
with substantial cover. Rare community known only in the Roan Mountain area..........................
................................................................................................. Grassy Bald (Alder Subtype)
3. Community not dominated by Alnus crispa. The species generally completely absent.
Dominated by shrubs in the Ericaceae.
4. Community strongly dominated by Kalmia (Leiophyllum) buxifolia. Larger shrubs, if
present, a MIiNOT COMPONENL. .....ccueeerurerureerreenireeeenreeneens Heath Bald (Sand Myrtle Subtype)
4. Community not strongly dominated by Kalmia buxifolia, though the species may be present
and occasionally abundant.
5. Community strongly dominated by Rhododendron carolinianum, occurring on quartzite
substrate, often at lower elevations where Kalmia latifolia is present. Likely to occur only in
Linville GOrge......ccoceveevveeviieecieeeieeeeen Heath Bald (Carolina Rhododendron Subtype)
5. Community not strongly dominated by Rhododendron carolinianum,; the species
codominant to absent. Rhododendron catawbiense dominant, codominant, or abundant.
6. Community strongly dominated by Rhododendron catawbiense, or mixed with
Vaccinium spp., occurring at mid to very high elevation..................................
............................................................... Heath Bald (Catawba Rhododendron Subtype)
6. Rhododendron catawbiense not strongly dominant, but mixed with Kalmia latifolia,
Pieris floribunda, Rhododendron carolinianum, or other shrub species.
7. Community occurring at lower elevations, generally 5000 feet or lower. Kalmia
latifolia, Rhododendron maximum, or other species of lower elevations abundant along
with Rhododendron catawbiense. ........................ Heath Bald (Low Elevation Subtype)
7. Community generally occurring at higher elevations. Kalmia latifolia, Rhododendron
maximum, and other species of lower elevations scarce or absent. Species of higher
elevations, such as Picea rubens or Sorbus americana, often present in small numbers.
8. Community dominated by a mix of Rhododendron catawbiense, Rhododendron
carolinianum, Kalmia buxifolia, and possibly Rhododendron smokianum, occurring on
slate substrate. Known only in the Great Smoky Mountains ..........................
..................................................................... Heath Bald (Slate Subtype)
8. Community dominated by a mix of Rhododendron catawbiense with Pieris
floribunda, Vaccinium spp., and other species, but without Rhododendron
carolinianum or Kalmia buxifolia. Known only south of Asheville. Particularly
abundant in the Balsam Mountains. .............. Heath Bald (Southern Mixed Subtype)
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GRASSY BALD (GRASS SUBTYPE)

Concept: Grassy Bald (Grass Subtype) is a natural high elevation meadow with a dense herb layer
dominated by grasses, though patches of forbs and sedges are present and some examples now
have extensive patches of shrubs or Rubus. Grassy Balds have well-developed soils that contrast
with those of rock outcrop communities and glades. Danthonia compressa is typically the
dominant grass, but pasture grasses such as Phleum pratense may have become abundant in the
more heavily grazed examples.

Distinguishing Features: Grassy Balds are distinguished from other natural communities by the
natural dominance of dense herbaceous vegetation in high elevation upland sites that are not rock
outcrops or glades. Small rock outcrops and shallow soil patches may be embedded but do not
make up most of the area. High Elevation Rocky Summit communities, in contrast, contain
substantial bare rock, though they may contain small patches of herbaceous vegetation with some
of the same species. High Elevation Mafic Glades and Low Elevation Acidic or Basic Glades
contain more grass but are clearly related to very shallow soil.

True Grassy Balds can be difficult to distinguish from old high elevation pastures and burn scars.
Some extensive grassy areas, e.g., Graveyard Fields and areas near Mount Mitchell, are known to
have originated from logging and burning of spruce-fir forest in the 1900s and should not be
regarded as Grassy Balds. The classification should be used only if there is reason to believe an
area has been grassy from prehistoric times. Artificial grasslands may be dominated by Danthonia
compressa but are less likely to contain rare plants and more often contain substantial weedy flora.
However, heavily grazed natural Grassy Balds also may contain weedy flora, and many have been
invaded by Rubus or various shrubs and are no longer herb dominated. Some examples may remain
ambiguous.

The Grass Subtype is distinguished from the Sedge Subtype by dominance of grasses, usually
Danthonia compressa, rather than Carex spp. It is distinguished from the Alder Subtype by the
absence of substantial cover of Alnus crispa.

Crosswalks: Danthonia compressa - (Sibbaldiopsis tridentata) Grassland (CEGL004242).
G657 Southern Appalachian Grass Bald Group.
Southern Appalachian Grass and Shrub Bald Ecological System (CES202.294).

Sites: Grassy Balds occur on gentle to moderate slopes, ridgetops, and broad domes at high
elevation. Examples range from around 5000 feet to over 6000 feet in elevation.

Soils: Grassy Balds occur on relatively deep soils, where tree presence apparently is not precluded
by soil depth. Most are mapped as the Burton series (Typic Haplumbrept). Cain (1931) found that
Grassy Bald soils in the Smokies were less acidic than other soils at similar elevations, although it
is unclear if this is caused by the distinctive vegetation or is the result of it.

Hydrology: Grassy Balds generally occur on high convex slopes and are well drained, though

seeps may be embedded in them. They are mesic due to high rainfall, frequent fog, and low
temperatures, but are exposed to drying winds.
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Vegetation: Grassy Bald (Grass Subtype) is characteristically dominated by dense herbaceous
vegetation, with Danthonia compressa the dominant species. Patches may be dominated by
Sibbaldiopsis tridentata, Packera schweinitziana, or Rumex acetosella. Other frequent herbs in
CVS plot data include Carex pensylvanica, Avenella (Deschampsia) flexuosa, Potentilla simplex,
Poa compressa, Achillea borealis, Carex brunnescens var. sphaerostachya, and Athyrium
asplenioides. Phleum pratense, Poa compressa, and Poa pratensis are also fairly frequent,
presumably because of a history of grazing. Other species less frequent in plots but often prominent
in observations include Houstonia serpyllifolia, Fragaria virginiana, Lilium grayi, Athyrium
angustum, Athyrium asplenioides, Gentiana austromontana, and the moss Polytrichum commune.
Grassy Balds may be purely herbaceous or may have shrubs and trees of varying density. Rubus
canadensis or Rubus alleghaniensis have invaded many Grassy Balds that were grazed and then
removed from grazing and may be dominant over large patches where not kept in check by
deliberate management. Vaccinium altomontanum, Rhododendron calendulaceum, Rhododendron
catawbiense, Vaccinium simulatum, Kalmia latifolia, Rhododendron (Menziesia) pilosum, Abies
fraseri, Picea rubens, Fagus grandifolia, and Quercus rubra may be present in sparse-to-moderate
density. These species too are considered invaders and may eventually shade out the herb layer.

Range and Abundance: Ranked G1. Only a few examples are known, scattered throughout the
higher mountains from the Great Smoky Mountains northward. The overall abundance and range
is confused by the presence of ambiguously natural grassy areas in several places and the
widespread use of the term bald for artificial grasslands. This community is nearly endemic to
North Carolina, but a few examples occur in adjacent Tennessee and Virginia.

Associations and Patterns: The Grass Subtype may be associated with the Sedge Subtype and,
on Roan Mountain, the Alder Subtype. Grassy Balds are sometimes associated with Heath Bald,
High Elevation Red Oak Forest, or Northern Hardwood Forest communities. High Elevation
Rocky Summit or High Elevation Boggy Seep patches may be embedded. Transitions to adjacent
forests sometimes seem gradual, sometimes abrupt. Because of recent management and unknown
past management, it is impossible to know the nature of natural ecotones. Even examples of natural
origin were grazed and may have been expanded by clearing at their edges. Encroachment of
shrubs and trees into Grassy Bald often appears to progress from the edges.

Variation: Grassy Balds vary with grazing history, exposure, and unknown factors. No variants
are recognized.

Dynamics: The factors that produced and maintained Grassy Balds have been the subject of
intense scientific interest over the years, and much has been written about them, but consensus has
not been reached (see Smathers 1980, summary by Peterson 1980, and views expressed in Billings
and Mark 1957, Bratton and White 1980, Brown 1941, Cain 1931, Gersmehl 1973, Lindsay and
Bratton 1976a, 1976b, Lindsay and Bratton 1980, Mark 1958, Smathers 1980, Stratton and White
1982, and Wells 1937, 1956). Hypotheses of origin include human action such as clearing and
grazing of cattle by early settlers; clearing and burning by Native Americans; presettlement grazing
and trampling by native large mammals; natural disturbances such as fire, windthrow, or insects;
and changing climatic conditions. New Grassy Balds are not being created from forests at present,
and existing examples do not seem to be maintaining themselves. Johnson (1995) documented the
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loss of grassy area in the Craggy Mountains, and a management team has tracked the changes in
Grassy Balds at Roan Mountain for decades. The question of the origin of Grassy Balds is given
urgency by their ecological instability at present. All examples appear to be experiencing invasion
by shrubs or trees, though trees are much slower to establish and spread than in disturbed forests.
Balds that are not actively being managed to remove woody vegetation are losing their open grassy
character.

The question of recent human creation is confused by the existence of grassy areas that clearly are
recently created, either by logging and burning of spruce-fir forests or by clearing and grazing by
early settlers. Some of these areas have place names of “bald” and are treated as grassy balds by
some authors. However, there is evidence that other grassy areas were present when settlers
arrived, and these are the focus of the Grassy Bald community defined here. Though Grassy Balds
are not floristically similar to northern alpine tundra (Stratton and White 1982), and many of their
species are present in other open natural communities, they likely developed from Pleistocene
alpine tundra that is generally believed to have existed in the Southern Appalachians. The balds
contain some shade-intolerant species, such as Packera schweinitziana and Sibbaldiopsis
tridentata, which are not in surrounding forests. Such species are not observed spreading into new
sites, and their presence suggests great antiquity for balds such as those on Roan Mountain. The
potential for creation by Native Americans is more difficult to rule out, given their longer tenancy
and the range of possible human behavior. However, the sites of Grassy Balds are not suited for
agriculture or long-term settlement and were not particularly close to Native American settlements.
Prehistoric people hunted throughout the region and ignited fires throughout the region, but there
is no reason to expect them to have focused such activities on particular ridge tops sufficiently to
replace forest with grassland. With the exception of spruce-fir forests, even severely burned forest
areas quickly begin returning to tree cover. Only frequent burning, more frequent than either the
natural or anthropogenic background rate, or ongoing cattle grazing, tend to prevent tree
establishment at present. More plausibly, the previous existence of grassy meadows led to a focus
on such places for cattle grazing and, probably in earlier times, for hunting. Weigl and Knowles
(2013) discuss several such lines of evidence against human creation of Grassy Balds.

Known natural disturbances also do not seem sufficient to explain the origin or persistence of
Grassy Balds. Where forests have been disturbed by wind storms, ice storms, or natural fire at high
elevations, they quickly grow back in trees. With the more catastrophic disturbance caused by
logging and slash fires, or by introduction of the balsam woolly adelgid, spruce-fir forests
developed open successional vegetation that can be readily distinguished from Grassy Bald
vegetation. While the grassy vegetation can burn, especially outside of the growing season, fire
seems unlikely to ever have occurred frequently enough to maintain balds. The moist foggy climate
limits flammable periods. The spruce-fir and northern hardwood communities that surround most
Grassy Balds are not very flammable, nor do they contain species favored by frequent fire. Only
High Elevation Red Oak Forests, less frequent neighbors, are likely to have burned very often.

Weigl and Knowles (2013) advanced an argument for grazing by native animals as a means of
creating Grassy Balds and maintaining them. A diverse fauna of large grazing mammals existed
in the Pleistocene and they presumably grazed in open tundra created by the Pleistocene climate,
perhaps helping to exclude trees from it. The more crucial question, however, is why any open
areas created or maintained by climate or these animals would have persisted for the 13,000 years

54



since those species became extinct. The native herd-forming grazing animals in the region since
that time have been elk and bison. If these species gravitated to previously existing open
grasslands, they may have contributed to excluding trees as the climate became more favorable for
trees. This needs further investigation. With their populations extirpated early by European settlers,
the past behavior of Eastern native grazers is not well known. There is no reason to expect it, or
its ecological effects, to be identical to those of domesticated cattle. However, it may have included
habitual return to places that had remained grassy and may have contributed to keeping them open.

The climate in Grassy Bald sites is harsh. Forests that are destroyed at high elevations are slower
to recover compared to those at lower elevations, but balds are surrounded by forests that persist
in similarly harsh climates. Cogbill, et al. (1997) estimated that the elevation of the hypothetical
timberline in the Southern Appalachians in the current climate would be around 8000 feet,
considerably higher than any existing balds. Nevertheless, harsh climate may amplify the effects
of other processes and contribute to keeping balds open.

Understanding of the natural dynamics of Grassy Balds and their current instability is hampered
by the universal history of cattle grazing after European settlement. The current invasion of woody
plants into balds often is associated with the end of cattle grazing as lands were brought into
conservation status in the mid-to-late 1900s, and the removal of cattle is often blamed for the
encroachment. However, the relationship between grazing and grasslands here, as more widely, is
complex. Cases in other regions include not only maintenance by grazers but also cases of grazing
increasing woody encroachment (e.g., Briggs et al. 2002 in tallgrass prairie). Crawford and
Kennedy (2009), looking at ages of trees that had invaded Grassy and Heath Balds at Craggy
Gardens, found rapid canopy closure after cattle were removed in 1925; however, they also found
that tree patches had established in four separate episodes from 1760-1925, though cattle grazing
did not start until the late 1800s. Thus, encroachment apparently was happening both before cattle
arrived and during their presence. Stratton and White (1982) noted that most of the prominent
invading shrubs in Great Smoky Mountains Grassy Balds had been present in the 1930s while
grazing was still occurring, though they became more extensive after release from grazing. Brown
(1941) noted the disappearance of Grassy Bald on the western part of Roan Mountain by invasion
of spruce. He reported that the upper 50 meters of spruce forest on western Roan Mountain had
few trees more than 150 years old, though trees 300-350 years old occurred farther into the forest
interior. He also noted open-grown forms of trees near the edge. He took this as evidence of
ongoing shrinkage of balds. This would suggest a slow invasion dating back to at least the late
1700s, either early in the period of grazing or perhaps predating it and extending throughout its
duration. However, given the history of the Cloudland Hotel on this side of the mountain, we
cannot rule out the possibility either that older trees were cut near the edge, or that the open area
he saw disappearing beneath spruce invasion in the 1930s had been cleared forest rather than
Grassy Bald.

Cattle trample woody plants, and at sufficient grazing intensity can prevent succession to forest as
long as they are present. They have numerous other effects, including soil disturbance, selective
increase or decrease of different species of plants, and if grazing is heavy, creation of conditions
favorable to ruderal plants rather than long-lived competitive plants of grasslands. Such effects
reduce the competitiveness of the native grasses, possibly making them more susceptible to
invasion than they were before cattle were introduced. The rapid spread of woody vegetation
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immediately after grazing ended, compared to the slower establishment of trees and shrubs at
present, and the slower encroachment in the rare cases documenting pre-grazing dynamics, suggest
this. The recent historic encroachment may thus be a legacy of cattle grazing rather than
fundamentally an effect of its removal.

Most remaining Grassy Balds have some Eurasian pasture species that became established during
grazing, and some have substantial exotic plant cover. Balds that are still actively grazed often
have low plant cover and an increased component of unpalatable herbs. Some of the most prolific
native plants invading Grassy Balds, such as Rubus, are species that readily established after severe
disturbance but that can continue to spread vegetatively once established. Weigl and Knowles
(2013) and others before them have argued that the cattle have replaced the role of native grazers
in a natural process to maintain balds. However, given the distant taxonomic relationship of cattle
to bison and elk, the alteration of their behavior by domestication as well as active human herding,
and their absence in the natural evolution of bald communities, they are better regarded as an exotic
species. They may be a means of artificial maintenance comparable to mowing, but one with its
own suite of side effects. The abundance of exotic plants in remote mountaintop locations is an
indication of the alteration caused by cattle grazing. Maintenance by cattle grazing can be expected
to perpetuate the state of alteration produced by European settlement. At present, the appropriate
natural means of maintaining Grassy Balds is not known, and management techniques must be
selected for their ecological effects without benefit of this knowledge.

Comments: The previous distinction between a Northern Grass Subtype (Danthonia compressa -
Sibbaldiopsis tridentata Herbaceous Vegetation [CEGL004258]) and Southern Grass Subtype has
been dropped. The distinction with the Sedge Subtype has been retained but needs further
investigation into whether it is justified given the uncertainties caused by grazing history.

Grassy Bald is a rare and very threatened community type. The debate about Grassy Bald origins
raises questions regarding their naturalness, and some scientists regard them as an artificial
vegetation type. Because of their distinctive vegetational character, however, and because they
appear to date to prehistoric times, they are best regarded as natural communities worthy of
protection. While active artificial maintenance is required, such management should be oriented
toward imitating natural processes to the extent that they are understood, eliminating exotic
species, allowing natural vegetation to recover, and minimizing disturbance to the site.

Rare species:

Vascular plants — Agrostis mertensii, Alnus crispa, Athyrium angustum, Botrychium
matricariifolium, Bromus ciliatus, Carex cristatella, Crocanthemum bicknellii, Crocanthemum
propinquum, Delphinium exaltatum, Geocarpon groenlandicum, Geum radiatum, Houstonia
montana, Lilium grayi, Lilium philadelphicum var. philadelphicum, Monarda media, Packera
schweinitziana, Phlox subulata, Poa palustris, Rhynchospora alba, Sceptridium multifidum, and
Stachys clingmanii.

Nonvascular plants — Heterodermia erecta and Rhytidium rugosum.

Vertebrate animals — Catharus ustulatus, Microtus chrotorrhinus carolinensis, Pooecetes
gramineus, and Sylvilagus obscurus.
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GRASSY BALD (SEDGE SUBTYPE)

Concept: Grassy Bald (Sedge Subtype) is a natural high elevation meadow with dense herb cover
dominated by species of Carex, though patches with grasses and forbs are also present and some
examples now have extensive patches of shrubs or Rubus. The Sedge Subtype often occurs in a
mosaic with other Grassy Bald subtypes. Sedge-dominated wetlands and areas resulting from
recent forest clearing should not be included.

Distinguishing Features: Grassy Balds are distinguished from other natural communities by the
natural dominance of dense herbaceous vegetation in high elevation upland sites that are not rock
outcrops or glades. The Sedge Subtype is distinguished from the Grass Subtype by the dominance
of Carex spp. It is distinguished from the Alder Subtype by the absence or only sparse presence of
Alnus crispa. High Elevation Rocky Summit communities may contain some of the same species
but have limited herbaceous vegetation and extensive bare rock. Northern Hardwood Forest
(Beech Gap Subtype) has similar Carex dominated herbaceous cover but has a well-developed tree
canopy.

Crosswalks: Carex pensylvanica Grassland (CEGL004094).
G657 Southern Appalachian Grass Bald Group.
Southern Appalachian Grass and Shrub Bald Ecological System (CES202.294).

Sites: The Sedge Subtype occurs in settings similar to the other subtypes, on gentle to moderate
slopes, ridgetops, and broad domes at high elevation.

Soils: Most soils are mapped as the Burton series (Typic Haplumbrept).

Hydrology: Sites are high convex slopes and are well drained, though seeps may be embedded in
them. They are mesic due to high rainfall, frequent fog, and low temperatures but are exposed to
drying winds.

Vegetation: The Sedge Subtype has dense herbaceous vegetation dominated by species of Carex.
Carex pensylvanica usually is the dominant species, and Carex flexuosa and Carex brunnescens
var. sphaerostachya are frequent. Danthonia compressa and other grasses are often intermixed.
Other high constancy species in CVS plot data include Sitobolium (Dennstaedtia) punctilobulum,
Angelica triquinata, Rumex acetosella, and Anemone quinquefolia. Rubus canadensis also is
present in most plots. Species that are fairly frequent include Houstonia serpyllifolia, and
Erythronium americanum ssp. americanum. Additional species in CVS plots include Luzula
echinata, Lysimachia ciliata, Nabalus sp., and Lilium grayi. Additional species are noted in the
NVC description, including Carex debilis, Sibbaldiopsis tridentata, Fragaria virginiana,
Ageratina roanensis, and Bromus pubescens. Some areas are invaded by woody species, which
may include Vaccinium spp., Rhododendron catawbiense, Fagus grandifolia, Aesculus flava,
Abies fraseri, and others, as well as Rubus.

Range and Abundance: Ranked G1. The Sedge Subtype is reported only from the Roan Mountain
highlands of North Carolina and adjacent Tennessee and possibly from one additional site in
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Watauga County. Since it can occur in association with the Grass Subtype, a few more examples
may be overlooked.

Associations and Patterns: In the primary known location, the Sedge Subtype occurs in a mosaic
with the Grass Subtype and Alder Subtype and may be bordered by Northern Hardwood Forest.

Variation: Variation is not well known, other than local variation with the transition to adjacent
communities and the variation in the degree of woody species encroachment.

Dynamics: The uncertainties and controversies discussed for the dynamics of the Grass Subtype
of Grassy Bald also apply to the Sedge Subtype.

Comments: The relationship between the Sedge Subtype and Grass Subtype is particularly poorly
known. It may be related to subtle site differences but may equally easily be related to differences
in successional state or to differences in degree of alteration by grazing. The subtypes are
recognized based on the NVC, but they may be only marginally distinct. The widespread alteration
of Grassy Bald communities by grazing, woody plant invasion, and later management make the
distinguishing of appropriate herbaceous dominance problematic.

Rare species:

Vascular plants — Agrostis mertensii, Alnus crispa, Athyrium angustum, Botrychium
matricariifolium, Bromus ciliatus, Carex cristatella, Crocanthemum bicknellii, Crocanthemum
propinquum, Delphinium exaltatum, Geocarpon groenlandicum, Geum radiatum, Houstonia
montana, Lilium grayi, Lilium philadelphicum var. philadelphicum, Monarda media, Packera
schweinitziana, Phlox subulata, Poa palustris, Rhynchospora alba, Sceptridium multifidum, and
Stachys clingmanii.

Nonvascular plants — Heterodermia erecta and Rhytidium rugosum.

Vertebrate animals — Catharus ustulatus, Microtus chrotorrhinus carolinensis, Pooecetes
gramineus, and Sylvilagus obscurus.
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GRASSY BALD (ALDER SUBTYPE)

Concept: Grassy Bald (Alder Subtype) is a high elevation shrubland dominated by Alnus crispa,
often with a grass or sedge herb layer beneath. This subtype is confined to the Roan Mountain
highlands.

Distinguishing Features: The Alder Subtype is distinguished from all other communities in North
Carolina by the dominance of Alnus crispa.

Crosswalks: Alnus viridis ssp. crispa / Carex pensylvanica Shrubland (CEGL003891).
G657 Southern Appalachian Grass Bald Group.
Southern Appalachian Grass and Shrub Bald Ecological System (CES202.294).

Sites: The Alder Subtype occurs in settings similar to the other subtypes, on gentle to moderate
slopes, ridgetops, and broad domes at high elevation.

Soils: Mapped as the Burton series (Typic Haplumbrept). Donaldson, et al. (2014) found soils in
the Alder Subtype to have pH of 4-5, more acidic than either other Grassy Bald or Heath Bald
soils. The nitrogen fixation carried on by Al/nus acidifies the soil, so this likely is a result of the
vegetation. The Alder Subtype also have higher cation exchange capacity and organic matter than
other Grassy Balds or than Heath Balds.

Hydrology: Sites are high convex slopes and are well drained, though seeps may be embedded in
them. They are mesic due to high rainfall, frequent fog, and low temperatures, but are exposed to
drying winds.

Vegetation: The Alder Subtype is a shrubland dominated by A/nus crispa, which may range from
dense to open. Rhododendron calendulaceum, Vaccinium altomontanum, or Vaccinium
corymbosum may be present in small numbers. In some areas, Rubus canadensis is present, and
it may be dense. The herb layer varies in cover, but usually is extensive where Rubus is not
abundant. Carex pensylvanica dominates, and Carex flexuosa, Poa compressa, Houstonia
serpyllifolia, Erythronium americanum ssp. americanum are often present. Other herbs may
include Avenella flexuosa, Danthonia compressa, Sitobolium (Dennstaedtia) punctilobulum,
Carex brunnescens var. sphaerostachya, and Rumex acetosella. Abies fraseri, Fagus grandifolia,
Aesculus flava, or other trees may be established in some areas.

Range and Abundance: Ranked G1. This community is known only in a small portion of the
Roan Mountain highlands on the North Carolina-Tennessee border. Its entire global range is less
than 200 acres. The population of A/nus crispa represents a long distance disjunction; the nearest
native population is in Pennsylvania, where it too is a disjunct from a widespread population in
New England, Canada, the upper Midwest, and Greenland.

Associations and Patterns: Grassy Bald (Alder Subtype) occurs in association with the Grass

Subtype and Sedge Subtype. It also may border Northern Hardwood Forest and High Elevation
Rocky Summit.
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Variation: Examples vary in shrub density and herbaceous composition.

Dynamics: Most of the uncertainties and controversies discussed for the dynamics of the Grass
Subtype of Grassy Bald also apply to the Alder Subtype, with the addition of uncertainty about its
relationship to the other subtypes. A/nus crispa has sometimes been regarded as a woody invader
of the Grass and Sedge subtypes, spreading vegetatively since the cessation of cattle grazing and
representing a threat to them similar to Rhododendron and Rubus. Brown (1941) briefly indicated
he thought vigorous alder growth was slowly invading open Grassy Bald. He included it as an
alternative successional pathway from grass to spruce forest. However, historical information is
not detailed enough about the boundaries between these adjacent communities to be certain that
alder has expanded. The turnover of stems makes it impossible to age the shrubs.

However, the Alnus is a long-distance disjunct population, apparently persisting at this location
since the Pleistocene. It does not occur in adjacent forests, and its presence is one of the indicators
of great antiquity of open balds on Roan Mountain. It has shown no tendency to spread even into
the separate Grassy Bald patches near its occurrence, neither the heavily grazed balds of Little
Hump Mountain or Big Yellow Mountain nor the less grazed Round Bald. Donaldson, et al. (2014)
noted that the species was reported on Roan Mountain before 1850 and that its cover seems to have
declined rather than increased, though the loss appears to be due to tree encroachment rather than
spread of other Grassy Bald subtypes. It thus seems appropriate to regard it as a natural community
and to not manage for open grassland at its expense. At the same time, the Alder Subtype, just as
the other subtypes, is at risk of losing its distinctive character due to invasion by other woody
species, with the herbaceous layer especially threatened. Areas that have been invaded by Rubus
have greatly reduced herb cover and diversity. The mowing and hand cutting that have reversed
the increase of Rubus cover in the nearby balds, is not possible amid the shrubs.

Donaldson, et al. (2014) noted that alder in other regions plays a role in primary succession,
enhancing the soil through its ability to fix atmospheric nitrogen, and that it can account for a
significant portion of the nitrogen in and even near its populations. It is not clear that it plays a
similar role in Grassy Balds. Unlike in northern glaciated areas, the Grassy Bald soils likely have
been present for a very long time, and there is no obvious reason to regard the Alder Subtype areas
as later in primary succession than the other Grassy Bald subtype. They also found nitrogen levels
to be extremely variable in the Alder Subtype, and not consistently higher than in other balds.

The interaction of the Alder Subtype with grazing is unclear. Cattle are widely regarded as
preventing the establishment or spread of woody plants, but the population of A/nus survived the
era of cattle grazing, and it is not clear if it decreased or increased during it. No records suggest
that Alnus was present in the more heavily grazed balds nearby, though it is conceivable that early
heavy grazing eliminated an unrecorded population. Interactions with long lost native grazers is
even less clear.

Comments: This community was treated as a subtype of Heath Bald in early drafts of the 4"
Approximation and was included with Heath Bald in the 3™ Approximation. However, the
dominant shrubs are not heaths, and unlike Heath Balds, there is often substantial herb cover
beneath the shrub canopy, primarily consisting of the same species found in Grassy Balds. It
appears to be more closely related to the Sedge Subtype than to the Grass Subtype. It is unclear if
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the locations of the Alder Subtype are determined by subtle site differences, by successional
dynamics, or simply result from the chance persistence of the defining species in particular places.

Rare species:
Vascular plants — Alnus crispa and Poa palustris.

Nonvascular plants — Xanthoparmelia monticola.

Vertebrate animals — Empidonax alnorum, Microtus chrotorrhinus carolinensis, and Sylvilagus
obscurus.
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HEATH BALD (CATAWBA RHODODENDRON SUBTYPE)

Concept: Heath Balds are persistent natural high elevation shrublands, dominated by various
evergreen Ericaceous shrubs. The Catawba Rhododendron Subtype is the most abundant subtype,
dominated by Rhododendron catawbiense, with or without abundant Kalmia latifolia or Vaccinium
spp., occurring on high elevation narrow ridgetops, broad high elevation domes, or in smaller
patches bordering rock outcrops.

Distinguishing Features: Heath Balds are distinguished from all other community types by
natural dominance or occasional codominance of dense evergreen Ericaceous shrubs, with few or
no trees, over a substantial area (one acre or more). Examples generally range from 4000 to over
6000 feet elevation. Several other communities may have dense evergreen shrub layers but have a
well-developed closed or open tree canopy under normal natural conditions. Examples that have
suffered canopy mortality may be difficult to tell from Heath Balds, but most will show evidence
of having had trees in the recent past. The shrubby subtypes of Red Spruce—Fraser Fir Forest and
High Elevation Red Oak Forest may have similar shrub layers, but have a well-developed tree
canopy or at least evidence that a canopy once existed. The more abundant Pine—Oak/Heath and
Swamp Forest-Bog Complex communities occur at lower elevations and are more likely to have
shrub layers dominated by Rhododendron maximum, Kalmia latifolia, or species not characteristic
of Heath Balds.

Small patches that closely resemble Heath Bald vegetation may occur as part of the complex of
vegetation in rock outcrop communities such as High Elevation Granitic Dome or High Elevation
Rocky Summit. Classification as Heath Bald should be reserved for shrub communities not
associated with substantial rock outcrops and for exceptionally large patches associated with rock
outcrops (comparable to the open rock in extent).

The Catawba Rhododendron Subtype is distinguished from all other subtypes of Heath Bald by
the dominance of Rhododendron catawbiense with little cover of the shrub species that distinguish
other subtypes.

Crosswalks: Rhododendron catawbiense Shrubland (CEGL003818).
G658 Southern Appalachian Shrub Bald Group.
Southern Appalachian Grass and Shrub Bald Ecological System (CES202.294).

Sites: Heath Bald (Catawba Rhododendron Subtype) occurs in three different kinds of sites. One
is narrow, often steeply plunging spur ridges on the flanks of higher ridges. The second is on broad
knobs or domes at higher elevations, where it may occupy substantial area. A few examples occur
on less distinctive ridge tops or upper slopes on the edges of rock outcrop communities. Examples
generally range from 4000 feet to over 6000 feet in elevation.

Soils: Heath Bald soils often are shallow and rocky and may have a thick organic layer built up
because of the slow decomposition of the litter from the evergreen shrubs. The examples on spur
ridges and around rock outcrops generally are inclusions in soil map units. Large examples are
mapped as Wayah (Typic Haplumbrept), Burton (Typic Humadept), Craggey (Lithic
Haplumbrept), or Clingman (Lithic Udifolist). More of the smaller patches may be Lithic
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Udifolists. Cain (1930) found that Heath Bald soils were more acidic than soils in forest
communities at the same elevations, though Donaldson et al. (2014) found that Grassy Bald (Alder
Subtype) soils were even more acidic. Conkle and Young (2004) noted high aluminum levels as
well. These soil chemistry differences probably are the result of the vegetation rather than the
cause of it.

Hydrology: Despite occurrence on steep and often sharply convex topography, the Catawba
Rhododendron Subtype generally is mesic because of high rainfall, frequent fog, and low
temperatures. Where the soil has a thick organic layer, it may hold substantial water, but the
shallow soil in many examples may lead to drought stress in drier weather.

Vegetation: The Catawba Rhododendron Subtype is dominated by Rhododendron catawbiense,
sometimes overwhelmingly so, sometimes with codominant Kalmia latifolia or Vaccinium
corymbosum. Other shrub species with high constancy but usually with limited cover in CVS and
NatureServe plot data are Sorbus americana and Aronia melanocarpa. Fairly frequent species
include Vaccinium erythrocarpum, Ilex montana, and Viburnum cassinoides. Additional shrubs
that are characteristic include Rhododendron (Menziesia) pilosum, Clethra acuminata, and
Eubotrys recurva. Galax urceolata is the only high constancy species in the herb layer, and it may
have large cover. Other herbs that are frequent in plots are Angelica triquinata and Maianthemum
canadense, and species such as Athyrium asplenioides, Medeola virginiana, Lysimachia
quadrifolia, Sitobolium (Dennstaedtia) punctilobulum, and Oclemena acuminata may less
frequently occur. Other herbs often mentioned in reports or on site lists include species associated
with small openings or small rock outcrops, such as Micranthes (Hydatica, Saxifraga) petiolaris,
Danthonia compressa, Krigia montana, and Sibbaldiopsis tridentata.

Range and Abundance: Ranked G2. Examples are scattered throughout the higher mountains,
though most are north of Asheville. The equivalent NVC association ranges into adjacent Virginia,
Tennessee, and possibly Georgia, but most of its global range is in North Carolina.

Associations and Patterns: Heath Balds generally are surrounded by high elevation forests of the
Spruce—Fir Forests or Northern Hardwood Forests themes. Some may occur in association with
rock outcrop communities such as High Elevation Rocky Summit or High Elevation Granitic
Dome or with Grassy Bald. The Catawba Rhododendron Subtype does not generally occur with
other subtypes.

Variation: Examples vary in amount of shrubs other than Rhododendron catawbiense. Examples
codominated by Kalmia latifolia or by Vaccinium spp. may warrant recognition as variants.
McLeod (1988) emphasized the occurrence of both dense thickets and open “garden” Heath Balds.

Dynamics: The dynamics of Heath Balds in general have been the subject of much discussion,
though such discussion often can’t be attributed to particular subtypes. Cain (1930) found evidence
that all of the Heath Balds he sampled in the Smokies (probably a combination of Catawba
Rhododendron, Slate, and Carolina Rhododendron subtype) had burned multiple times in the past.
He suggested that a variety of disturbances, including fire, landslides, and windthrows, and also
extreme environmental conditions, were responsible for their occurrence. Whittaker (1956)
suggested that Heath Balds were successional in part, but that they seemed to be able to maintain
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themselves under present conditions. White et al. (2001) indicated a similar view, rejecting the
idea that Heath Balds represent primary succession or are maintained by ongoing erosion. They
suggested these communities were created by existing heath shrub layers taking over after fire
destroyed a previous tree canopy, with the shrubs then inhibiting tree recovery. Part of their
argument was that terrain modeling they conducted showed that most sites topographically
comparable to Heath Bald sites supported forests. However, terrain modeling focused on a single
community or species often drastically overpredicts occurrence, so this in itself is not strong
evidence that many other sites should be expected to be Heath Bald. At the same time, though they
emphasized that the two watersheds with the largest and most numerous Heath Balds had
experienced severe fires after logging in the early 1900’s, they also found that Heath Balds are
much more abundant on the northern Tennessee side of the Smokies in general. They suggested
several possible environmental reasons rather than disturbance history for this pattern. And they
described several cases where fires or other disturbances have not led to formation of Heath Balds.

In contrast to the Smokies, some open Heath Balds on Roan Mountain and the Craggy Mountains
are being invaded by trees (Brown 1941, Crawford and Kennedy (2009). McLeod (1988) regarded
Heath Balds as secondary successional communities after disturbances in extreme sites. These
sites have large expanses of Heath Bald on knobs and less steep slopes.

It may be that Heath Balds have multiple drivers and that all views are partially correct. Some are
clearly primary successional communities, occurring on landslide scars and the edges of rock
outcrops. Others are not obviously so but show evidence of fire. These may represent secondary
succession or maintenance by chronic natural disturbance. The location of most Heath Balds on
the driest, most exposed microsites in their vicinity presumably makes them more susceptible to
lightning fires and makes natural fires more severe than in surrounding forests. Severe site
conditions and the competitiveness of dense shrub cover at least contribute to persistence of Heath
Balds and inhibition of tree growth, and these may be sufficient to maintain some in the long run.
Conkle and Young (2004) and Conkle, et al (2003) found radiocarbon dated organic soils in Heath
Balds to range from 100-3000 years old, with clusters of ages at 2900, 1100, and 120 years.
Though they appeared to regard these dates at the bottom of the organic deposit as being the origin
of the Heath Bald, it is also plausible that it represents a severe fire in what was already a Heath
Bald. Conkle and Young (2004) also noted that organic deposits, protected from decomposition
by extreme acidity and aluminum saturation, appeared to be spreading into adjacent forests,
suggesting the possibility that some balds were expanding.

Vegetation resembling Heath Bald can also result from logging and severe burns in spruce-fir
forests in historical times, but such examples are better regarded as altered vegetation. Other heath-
dominated areas have resulted from invasion of Grassy Balds by shrubs.

Comments: Heath Balds occupy a relatively small area in the mountains as a whole. In general
they are in inaccessible, well protected sites, but some, particularly the open, garden-like examples,
may be threatened by trampling and by natural succession. Exclusion of fire may be a long-term
threat to all Heath Balds, but the proper management is not known.

Rare species:
Vascular plants — Rhododendron vaseyi, Rubus strigosus, and Stenanthium leimanthoides.
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HEATH BALD (CAROLINA RHODODENDRON SUBTYPE)

Concept: Heath Balds are persistent natural high elevation shrublands, dominated by various
evergreen Ericaceous shrubs. The Carolina Rhododendron Subtype is a rare subtype that is
strongly dominated by Rhododendron carolinianum, occurring on quartzite or potentially on other
rocks but not on slate. It is known primarily in the area of Linville Gorge.

Distinguishing Features: The Carolina Rhododendron Subtype is distinguished from most other
subtypes by the strong dominance of Rhododendron carolinianum. It occurs at somewhat lower
elevation, associated with pine communities rather than spruce-fir or northern hardwood forests.
The Slate Subtype of the Great Smoky Mountains also has Rhododendron carolinianum dominant
but in combination with other species and usually in more open stands.

Crosswalks: Rhododendron carolinianum Shrubland (CEGL003816).
G658 Southern Appalachian Shrub Bald Group.
Southern Appalachian Grass and Shrub Bald Ecological System (CES202.294).

Sites: The Carolina Rhododendron Subtype occurs on both steep spur ridges and on ridge tops
near rock outcrops of quartzite or related rocks. Elevations are around 3600-4000 feet.

Soils: Soils are generally fairly shallow, with bedrock near the surface. The quartzite substrate
may create even more acidic conditions than in other Heath Balds.

Hydrology: The relatively low elevation setting of the Carolina Rhododendron Subtype,
combined with the steep convex slopes and shallow soils, makes for dry conditions, perhaps much
drier than the mesic higher elevation subtypes.

Vegetation: The Carolina Rhododendron Subtype is a tall or short shrubland dominated or
codominated by Rhododendron carolinianum. The shrub canopy may be very dense or fairly open.
Kalmia (Leiophyllum) buxifolia is usually present and often abundant. Other shrubs with high
constancy in the few CVS plots include Vaccinium corymbosum, Clethra acuminata, llex montana,
Kalmia latifolia, Eubotrys recurvus, Aronia arbutifolia, Gaylussacia baccata, and Fothergilla
major. Xerophyllum asphodeloides and Galax urceolata are present in all plots. Almost all other
herbs are associated with open rock inclusions: Bryodesma tortipilum, Trichophorum cespitosum,
Liatris helleri, and Carex umbellata, though Lysimachia quadrifolia is also present.

Range and Abundance: Ranked G2, but possibly better treated as G1. All North Carolina
examples are in a small area on the rim of Linville Gorge, but the NVC also reports the association
as occurring in Tennessee in the area around Mount LeConte in the Great Smoky Mountains.

Associations and Patterns: The Carolina Rhododendron Subtype is closely associated with High
Elevation Rocky Summit (Quartzite Subtype) communities. It may also grade to Pine—-Oak/Heath

and potentially to various dry acidic forest communities.

Variation: Examples vary in density of the shrub layer, with the transition to adjacent
communities.
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Dynamics: This subtype is related to the extreme site conditions that include relatively shallow
soil, excessive drainage, and extreme soil acidity. However, within those conditions, fire appears
to be an important factor in driving its presence. Some areas may depend on periodic fire to remain
as more open rock outcrop communities, and Heath Bald may encroach on them in the absence of
fire. Similarly, Pine-Oak/Heath may encroach on these relatively low elevation Heath Balds with
insufficient fire.

Comments: The concept of this subtype has been narrowed by the creation of the Slate Subtype.
Rhododendron carolinianum has a very patchy distribution and is not even present in most Heath
Balds. Communities where it dominates are rare. Understanding of its distribution is further
complicated by the recognition of Rhododendron smokianum. This subtype may exist only at
Linville Gorge but may be found in a few other places.

The subtypes of Heath Bald are more finely divided than most natural communities, following the
lead of the NVC. Given the different geologic settings and dominant vegetation, the distinctions
appear justified.

Rare species:

Vascular plants — Fothergilla major, Liatris helleri, Poa palustris, Rhododendron vaseyi,

Stenanthium leimanthoides, and Trichophorum cespitosum.

Nonvascular plants — Cetrelia cetrarioides and Xanthoparmelia monticola.
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HEATH BALD (SOUTHERN MIXED SUBTYPE)

Concept: Heath Balds are persistent natural high elevation shrublands, dominated by various
evergreen Ericaceous shrubs. The Southern Mixed Subtype encompasses high elevation examples
containing Pieris floribunda as well as other shrubs, usually codominant with Rhododendron
catawbiense. This subtype is confined to south of the Asheville Basin.

Distinguishing Features: The Southern Mixed Subtype is distinguished from all other subtypes
by the substantial presence of Pieris floribunda, though it may not dominate. Other Heath Balds
at high elevations south of Asheville and codominated by other evergreen shrub species not typical
of the Catawba Rhododendron Subtype may also be classified here. The distinction with the Low
Elevation Subtype may be particularly difficult.

Crosswalks: Rhododendron catawbiense - Pieris floribunda Shrubland (CEGL004516).
G658 Southern Appalachian Shrub Bald Group.
Southern Appalachian Grass and Shrub Bald Ecological System (CES202.294).

Sites: The Southern Mixed Subtype may occur in sites similar to the Catawba Rhododendron
Subtype: steeply plunging spur ridges, broad knobs or domes at higher elevations, or small patches
associated with rock outcrops. Elevations range from 4000-6000 feet.

Soils: The range of soils is not well known, but presumably is similar to those for the Catawba
Rhododendron Subtype.

Hydrology: Despite occurrence on steep and often sharply convex topography, the Southern
Mixed Subtype probably is mesic because of high rainfall, frequent fog, and low temperatures.
Where the soil has a thick organic layer, it may hold substantial water, but the shallow soil in many
examples may lead to drought stress in drier weather.

Vegetation: The Southern Mixed Subtype is codominated by Rhododendron catawbiense, usually
in combination with Pieris floribunda. The shrub canopy may be very dense or somewhat open.
Other shrubs frequent in the limited CVS plots data include Diervilla sessilifolia, Vaccinium
simulatum, llex montana, Kalmia latifolia, Vaccinium erythrocarpum, Vaccinium corymbosum,
Viburnum cassinoides, and Vaccinium stamineum. The herb layer may be sparse where shrub cover
is high but may be extensive in more open areas. High constancy species in plots are Sitobolium
(Dennstaedtia) punctilobulum, Carex pensylvanica, Oclemena acuminata, Avenella
(Deschampsia) flexuosa, and Angelica triquinata. Other frequent species include Danthonia
compressa, Solidago curtissii, Diphasiastrum digitatum, Athyrium asplenioides, Trillium
undulatum, Houstonia serpyllifolia, Eurybia macrophylla, and Hieracium paniculatum. A few
trees are found in many plots; these include Picea rubens, Betula alleghaniensis, Sorbus
americana, Prunus pensylvanica, Amelanchier laevis, and Quercus rubra.

Range and Abundance: Ranked G1. It may be better treated as G2, but its abundance is confused

by several occurrences of uncertain classification, as well as the difficulty in distinguishing it from
successional disturbed forests. The Southern Mixed Subtype is most abundant in the Balsam
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Mountains, but other occurrences scattered in the area farther southwest have been attributed to it.
The equivalent association is also attributed to Tennessee.

Associations and Patterns: The Southern Mixed Subtype is generally surrounded by high
elevation forests of the Spruce-Fir Forests or Northern Hardwood Forests themes, or by High
Elevation Red Oak Forest. Some may occur in association with rock outcrop communities such as
High Elevation Rocky Summit or High Elevation Granitic Dome.

Variation: Variation is not well known and is confused by uncertain classification of some
examples.

Dynamics: The dynamics of the Southern Mixed Subtype are presumably similar to those in the
Catawba Rhododendron Subtype, but this is not fully certain. The best documented examples are
in the Balsam Mountains, an area that had particularly heavy impacts of logging and slash fires in
the early 1900s. Although natural Heath Bald presumably was present before these disturbances,
some of the examples may represent secondary succession in degraded spruce-fir forests. The
frequency of trees in plots attributed to this subtype suggests secondary succession.

Comments: This subtype, originally intended to cover several southern variations, was narrowed
by the creation of the Slate Subtype. The narrowed Southern Mixed Subtype reportedly does not
occur in the Great Smoky Mountains. Nevertheless, the appropriate classification for several
occurrences attributed to it outside of the Great Balsam Mountains area remains uncertain.

Rare species:
Vascular Plants — Rhododendron vaseyi.
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HEATH BALD (SLATE SUBTYPE)

Concept: Heath Balds are persistent natural high elevation shrublands, dominated by various
evergreen Ericaceous shrubs. The Slate Subtype encompasses examples occurring on slate
substrate, known only in the Great Smoky Mountains. The vegetation is somewhat more mixed
and more open than most other subtypes.

Distinguishing Features: The Slate Subtype is distinguished by the combination of
Rhododendron carolinianum (perhaps R. smokianum), Rhododendron catawbiense, and Kalmia
(Leiophyllum) buxifolia on a slate substrate. The Carolina Rhododendron Subtype may have the
same dominant species but occurs on quartzite and has a different overall flora. Other subtypes
may be dominated by Rhododendron catawbiense in combination with other shrub species. The
Heath Subtype of Red Spruce—Fraser Fir Forest, Fraser Fir Forest, and High Elevation Red Oak
Forest also has a shrub layer dominated by Rhododendron catawbiense but has a well-developed
tree canopy or at least evidence that a canopy once existed.

Crosswalks: Rhododendron carolinianum - Rhododendron catawbiense - Leiophyllum buxifolium
Shrubland (CEGL007876).

G658 Southern Appalachian Shrub Bald Group.

Southern Appalachian Grass and Shrub Bald Ecological System (CES202.294).

Sites: The Slate Subtype occurs on steep spur ridges and steep high elevation steep slopes with
slate substrate, often with thin soils. Examples range from 5500 feet to over 6000 feet. Some sites
are clearly old landslide scars.

Soils: Soils are shallow and may or may not have thick organic layers. Most, if not all, are smaller
than the minimum map unit for soil mapping.

Hydrology: The Slate Subtype is well drained and has shallow soil but is generally mesic because
of cool temperatures, high rainfall, and frequent fog. It may become dry during dry weather.

Vegetation: The Slate Subtype is a dense to open shrubland dominated by a combination of
Rhododendron catawbiense, Rhododendron carolinianum, and Kalmia buxifolia. There is some
confusion whether Rhododendron minus may also be present. The only other shrub present with
fairly high frequency in NatureServe plots was Vaccinium corymbosum, but a variety of species
may occur occasionally, including Aronia melanocarpa, Rhododendron (Menziesia) pilosum,
Vaccinium erythrocarpum, Viburnum cassinoides, Kalmia latifolia, Ilex montana, Pieris
floribunda. Stunted Picea rubens and Sorbus americana also are fairly frequent. Because the
shrubland is often open and contains small rock outcrops, a variety of herbaceous species are
shared with high Elevation Rocky Summits as well as with the surrounding Red Spruce—Fraser Fir
Forests. These include Micranthes (Hydatica) petiolaris, Carex misera, Dryopteris campyloptera,
Solidago glomerata, Oxalis montana, Sitobolium (Dennstaedtia) punctilobulum, Galax urceolata,
Cinna latifolia, Angelica triquinata, Carex pensylvanica, and even Calamagrostis cainii, as well
as mosses and Cladonia lichens.
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Range and Abundance: Ranked G1. This subtype is known only in the Great Smoky Mountains,
primarily in Tennessee but with some patches believed to occur in North Carolina.

Associations and Patterns: The Slate Subtype occurs surrounded by Red Spruce—Fraser Fir
Forest. It may possibly be associated with High Elevation Rocky Summit.

Variation: Examples vary in density and stature of shrubs and in amount of rock outcrop.

Dynamics: As with other Heath Balds, the dynamics of the Slate Subtype are not well known.
The slate is prone to slippage, making landslides more likely. This may be an important factor in
the occurrence of this subtype and probably is the basis for the suggestion that it is important for
Heath Balds more generally. Most examples may be primary successional communities developed
on the bare rock of landslide tracks. Given their typical high elevation and context of spruce-fir
forest, fire probably is not a major influence. Yet, the sharply convex, highly exposed position of
many patches may make them prone to lightning and to local fires. Given their occurrence in the
Great Smoky Mountains, they presumably are among the Heath Balds Cain (1930) reported as
universally showing evidence of fire, and for which White, et al. (2001) discussed potential causes
for occurrence. It is possible that in the absence of further landslides or small patch fires these
Heath Balds may succeed to Red Spruce—Fraser Fir Forest; however, Heath Balds may occur in
their distinctive environment because this setting is prone to these natural disturbances.

Comments: This association was created by NatureServe to cover examples in the Great Smoky
Mountains. It may be too narrowly defined. It is somewhat unclear how distinct it is from the
Carolina Rhododendron Subtype. Both quartzite and the sulfidic slate of the Great Smoky
Mountains form extremely acidic soils. But the slate is also prone to landslides and is less stable.
Both characteristics may make for distinctive vegetation.

Rare species:
Vascular plants — Calamagrostis cainii and Rhododendron smokianum.

Nonvascular plants — Hypotrachyna virginica.
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HEATH BALD (SAND MYRTLE SUBTYPE)

Concept: Heath Balds are persistent natural high elevation shrublands, dominated by various
evergreen Ericaceous shrubs. The Sand Myrtle Subtype encompasses examples dominated by
Kalmia (Leiophyllum) buxifolia, known primarily at Grandfather Mountain and the Great Smoky
Mountains.

Distinguishing Features: The Sand Myrtle Subtype is distinguished by the dominance of Kalmia
buxifolia over the whole community. It is distinguished from rock outcrop communities, which
may contain moderate sized patches of Kalmia buxifolia, by being more extensive and contiguous,
having the bulk of the community dominated by shrub cover rather than rock or herbs.

Crosswalks: Leiophyllum buxifolium Dwarf-shrubland (CEGL003951).
G658 Southern Appalachian Shrub Bald Group.
Southern Appalachian Grass and Shrub Bald Ecological System (CES202.294).

Sites: The Sand Myrtle Subtype occurs on sharp spur ridges, steep slopes, and shallow soils near
rock outcrops, perhaps associated with quartzite or other very acidic metasedimentary rocks. Most
examples are above 5000 feet in elevation.

Soils: Soils are generally shallow over bedrock. They presumably are extremely acidic.

Hydrology: As with most other Heath Balds, the Sand Myrtle Subtype is well drained and has
shallow soil but is generally mesic because of cool temperatures, high rainfall, and frequent fog.
However, drought stress may occur during dry periods.

Vegetation: The Sand Myrtle Subtype is a short shrubland dominated by Kalmia buxifolia. The
shrubs may be only 0.5 meter tall, and the shrub layer may be patchy, with significant areas of bare
rock interspersed. Rhododendron catawbiense, Vaccinium pallidum, Rhododendron (Menziesia)
pilosum, and Vaccinium erythrocarpum are frequent species in plot data, along with stunted Picea
rubens, Betula alleghaniensis, and Sorbus americana. Rhododendron carolinianum may also
occur. Most herbs are in open areas or associated with embedded rock outcrops. Species at high
frequency in plot data include Micranthes (Hydatica) petiolaris, Galax urceolata, Carex misera,
Oclemena acuminata, and Trichophorum cespitosum. The NVC description also notes Vaccinium
corymbosum, Avenella (Deschampsia) flexuosa, Bryodesma tortipilum, Carex umbellata, and
Stenanthium leimanthoides.

Range and Abundance: Ranked G1. Examples are known at Grandfather Mountain and in the
Great Smoky Mountains, with a reported occurrence at Linville Gorge. The NVC also questionably
attributes the equivalent association to South Carolina and Georgia, but this seems unlikely.
Though Kalmia buxifolia occurs there, the distinctive high elevation setting of this community is
unlikely.

Associations and Patterns: The Sand Myrtle Subtype often occurs associated with High

Elevation Rocky Summit and may occur with other subtypes of Heath Bald. Examples grade to
various spruce-fir forest communities or high elevation hardwood forest communities.
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Variation: Examples are somewhat heterogeneous at fine scales and vary with the gradation to
adjacent communities.

Dynamics: Dynamics of the Sand Myrtle Subtype likely are similar to the Slate Subtype. The
extreme environment of high elevations and shallow soils prevents not only trees but also other
shrubs from becoming dominant. This subtype probably is best regarded as a primary successional
community, developing slowly on landslide scars or on bedrock and perhaps eventually succeeding
to taller Heath Bald subtypes. Natural fire is unlikely in the spruce-fir forests that surround most
examples of the Sand Myrtle Subtype, but the exposed topographic position may promote
occasional lightning strikes and local fires.

Comments: The Sand Myrtle Subtype is more closely related to rock outcrop communities than
are other Heath Balds. The distinction between well-developed occurrences of this Heath Bald
subtype and Kalmia buxifolia patches in High Elevation Rocky Summit communities can be
subtle. The CVS plots used in the description of vegetation here were all collected by Susan Wiser
in the course of her study on high elevation rock outcrops (Wiser et al. 1996).

Rare species:

Vascular plants — Calamagrostis cainii, Liatris helleri, Solidago spithamaea, Stenanthium
leimanthoides, and Trichophorum cespitosum.
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HEATH BALD (LOW ELEVATION SUBTYPE)

Concept: Heath Balds are persistent natural high elevation shrublands, dominated by various
evergreen Ericaceous shrubs. The Low Elevation Subtype covers warmer, lower elevation
examples, dominated by Kalmia latifolia and generally with a greater diversity of shrub species.
The term low elevation applies only in comparison to other Heath Bald subtypes.

Distinguishing Features: The Low Elevation Subtype is distinguished from the Catawba
Rhododendron Subtype by having a larger amount of Kalmia latifolia, making up more than 50
percent of cover, along with the presence of associated lower elevation species such as
Rhododendron maximum, Quercus rubra, and Quercus montana, rather than high elevation
species such as Picea rubens, Abies fraseri, and Sorbus americana. It lacks significant amounts of
Pieris floribunda or Kalmia (Leiophyllum) buxifolia though they may be present in small numbers.
While some trees may be present, this community should be recognized only where shrub-
dominated vegetation appears to be persisting in association with severe site conditions. Shrub-
dominated areas that were forested in the recent past and are succeeding back to forest should not
be included. Pine—Oak/Heath occurrences that have lost their canopy due to southern pine beetles
and exclusion of fire should not be included here.

Crosswalks: Kalmia latifolia - Rhododendron catawbiense - (Gaylussacia baccata, Pieris
floribunda, Vaccinium corymbosum) Shrubland (CEGL003814).

G658 Southern Appalachian Shrub Bald Group.

Southern Appalachian Grass and Shrub Bald Ecological System (CES202.294).

Sites: The Low Elevation Subtype occurs on spur ridges, steep slopes, and large areas of shallow
soil near rock outcrops, on a variety of substrates but at lower elevations or in warmer settings than
most other Heath Bald subtypes, generally below 5000 feet.

Soils: Soils are shallow and may or may not have thick organic layers.

Hydrology: The Low Elevation Subtype is well drained and may become dry. It presumably is
less mesic than the other subtypes which occur at higher elevations.

Vegetation: The Low Elevation Subtype is a dense tall shrubland, generally dominated by Kalmia
latifolia and Rhododendron catawbiense. Other shrubs with high constancy in CVS and
NatureServe plot data are Gaylussacia baccata, Vaccinium corymbosum, llex montana, Clethra
acuminata, Aronia arbutifolia, Kalmia buxifolia, Viburnum cassinoides, and Eubotrys recurvus.
Acer rubrum, Picea rubens, and Quercus rubra also are highly constant, though individuals are
sparse and small. The NatureServe description also notes Rhododendron carolinianum, Vaccinium
stamineum, and Pieris floribunda, as well as several additional tree species. Herbs are generally
sparse beneath the dense shrubs, with Galax urceolata the only species having high constancy.
Fairly frequent herbs include Gaultheria procumbens, Pteridium latiusculum, Melampyrum
lineare, Xerophyllum asphodeloides, Solidago spp., Iris verna var. smalliana, and Coreopsis
major.
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Range and Abundance: Ranked G2G3. Examples are scattered throughout the mountains of
North Carolina and occur in adjacent Tennessee, Georgia, and Virginiana. The equivalent NVC
association is also reported in Kentucky. This subtype may be overlooked in some site
descriptions, making its abundance less clear than for other subtypes. Its lower elevation habitat is
potentially more extensive than for other subtypes, but tree growth is more vigorous at lower
elevations. Microsites capable of supporting long term Heath Bald at lower elevation may be
scarcer.

Associations and Patterns: Associated communities are not well known. Examples may be
associated with rock outcrop communities. They may be surrounded by a wide variety of forest
communities, perhaps usually High Elevation Red Oak Forest and Northern Hardwood Forest but
potentially including other oak forests.

Variation: Variation is poorly known.

Dynamics: The Low Elevation Subtype presumably is more dependent on fire than the other
subtypes, because the lower elevation climate is more favorable to tree growth and to soil
formation. Examples may be less persistent than other subtypes, though this subtype is intended
for communities that persist at least for decades. Persistence must necessarily depend on severe
site conditions as well as fire, since the prevailing historical fire regime clearly allowed the
occurrence of forest over most of the landscape. Forest community patches with catastrophic
natural or artificial disturbance show fairly rapid secondary succession back to forest and do not
persist as Heath Balds. As with other subtypes, the occurrence of the Low Elevation Subtype on
highly exposed topography may make it particularly prone to lightning strikes and to local fires at
a rate greater than the landscape as a whole.

Comments: The description of the equivalent association in the NVC is problematic; it suggests
lumping of short-term successional vegetation created by logging with more persistent natural
shrublands.

Aronia melanocarpa - Gaylussacia baccata / Carex pensylvanica Shrubland (CEGL008508) is a
G17? association defined in Virginia and stated to potentially occur in North Carolina. It is described
as a mosaic of shrub, herbs, and bare rock, so it would not be considered a Heath Bald. Menziesia
pilosa - Vaccinium (erythrocarpum, simulatum, corymbosum) - Sorbus americana Shrubland
(CEGLO004819) has been defined for Mount Rogers in Virginia, where it occurs in association with
rock outcrops. Communities like it could be found North Carolina but are not known.

Rare species: No rare species are specifically known to be associated with this community.
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NORTHERN HARDWOOD FORESTS THEME

Concept: Northern Hardwood Forests are mesophytic hardwood forests of high elevations in the
Mountain Region, generally dominated by a small set of tree species, particularly Betula
alleghaniensis, Fagus grandifolia, Acer saccharum, and Aesculus flava. Examples may be
excluded from particular slope aspects but extend across a broad range of topography and are not
confined to concave valleys as Mountain Cove Forests are.

Distinguishing Features: Northern Hardwood Forests are distinguished from Spruce—Fir Forests
by the predominance of hardwoods over Picea rubens and Abies fraseri under long term natural
conditions. They are distinguished from Mountain Oak Forests by the predominance of the
mesophytic hardwoods over oaks in canopy cover or basal area. Some Mountain Oak Forests have
developed mesophytic understories of Northern Hardwood Forests species and have greater stem
density of these than of oaks, while basal area remains dominated by oaks. Placing the boundary
between Northern Hardwood Forests from Mountain Cove Forests is particularly difficult, because
many mesophytic species are shared. In general, Northern Hardwood Forests are lower in tree
diversity and contain a subset of the species typical of Mountain Cove Forests, with at least one of
the characteristic species very abundant. These particular species are rarely dominant over more
than local patches in Mountain Cove Forests. Northern Hardwood Forests lack a number of low
elevation species such as Liriodendron tulipifera, Juglans nigra, and usually, Magnolia spp.

Sites: Northern Hardwood Forests occur on ridges, open slopes, and upper coves at fairly high
elevations. Most examples are above 3600 feet, and they range to 5500 feet or higher, the highest
elevations of any hardwood forests. In most of this elevational range they are primarily on the
cooler slope aspects, but at the highest elevations they may occur on any aspect.

Soils: Northern Hardwood Forests occur on a range of high elevation Inceptisols, particularly
Humic Dystrudepts, Typic Humadepts, and some Lithic Humadepts. A special case is the High
Elevation Birch Boulderfield community, which occurs on very coarse colluvial deposits that are
relict periglacial features.

Hydrology: Sites are well drained, but are mesic because of the cool temperatures, high rainfall,
and frequent fog associated with high elevations.

Vegetation: Northern Hardwood Forests are dominated by varying mixtures of mesophytic tree
species. Betula alleghaniensis or Fagus grandifolia may sometimes strongly dominate, almost to
the exclusion of other species. In most places, one or both of these species is mixed with Aesculus
flava, Acer saccharum, or minority amounts of Quercus rubra. Tsuga canadensis or Picea rubens
may be present in small amounts. In the Basic Subtype, Fraxinus americana, Prunus serotina,
Tilia americana var. heterophylla, Carya ovata, or other species of richer soils may also be
abundant. The understory usually consists of the same set of species, but Amelanchier laevis and
Swida (Cornus) alternifolia are also characteristic. Shrubs layers are usually moderate in cover,
but they can range from dense to nearly absent. The herb layer usually is well developed,
sometimes with moderate diversity but sometimes consisting of a dense carpet of a few, or only
one, species. Carex pensylvanica, Ageratina roanensis, Oclemena acuminata, Eurybia
chlorolepis, Athyrium asplenioides, Sitobolium (Dennstaedtia) punctilobulum, Amauropelta
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(Parathelypteris) noveboracensis, Angelica triquinata, and in the spring, Erythronium
umbilicatum var. monostolum and Claytonia caroliniana are frequent species that often are very
abundant.

Dynamics: Northern Hardwood Forests are like most of North Carolina’s hardwood forests in
naturally occurring primarily as old-growth, uneven-aged stands. Most tree reproduction is in
small canopy gaps created by the death of one or a few trees, resulting in a fine-scale mosaic of
tree ages across the forest. Wind, lightning, and ice damage are important sources of mortality.
Disease is now a source of mortality for Fagus in particular and may kill larger patches. Sites that
were logged or severely burned in the past may have Prunus pensylvanica, Robinia pseudoacacia,
or increased numbers of Betula alleghaniensis, which presumably will be replaced over time with
the more typical canopy. Where the canopy has been partially disturbed by wind or ice, Rubus
canadensis or Rubus alleghaniensis sometimes becomes abundant.

Fire was not frequent in these communities. The mesophytic hardwood litter is not very flammable
and the moist conditions limit times when fire will spread. The characteristic trees have thin bark
and are not well equipped to survive any but low intensity fires. Their prevalence over large areas
even before the advent of effective fire suppression suggests little fire spread into these areas,
despite frequent fire at lower elevations. Any fire that did occur might be a significant natural
disturbance, much more than in oak forests, but the ability of the dominant hardwoods to sprout
would limit changes in dominance resulting from rare fires.

The ecotones of Northern Hardwood Forests with adjacent communities may be affected by
changing forest dynamics. The boundary with High Elevation Red Oak Forests likely was
determined at least partly by fire behavior. Since the advent of effective fire suppression, many
High Elevation Red Oak Forests have developed substantial mesophytic understories, which limit
oak regeneration and appear poised to take over the canopy. If this trend continues, more areas that
have been High Elevation Red Oak Forest may become indistinguishable from Northern
Hardwood Forests.

The transition to Red Spruce—Fraser Fir Forest is a very gradual shift in tree dominance, generally
occurring with increasing elevation but in a patchy, irregular pattern. There has been concern that
the widespread logging of spruce forests in the early 1900s led to replacement of spruce with
hardwoods, as happened over large areas in West Virginia. This is difficult to document at
elevations much below 5800 feet, because the pattern of the transition is irregular and occurs over
a range of elevations even in areas that were never logged. As the climate becomes warmer, this
boundary between Northern Hardwood Forests and Spruce—Fir Forests presumably will shift to
higher elevation; however, if frequent fog persists, warming may be less extreme at higher
elevations than lower. Conversely, if warming leads to less fog and especially if it leads to severe
drought, wildfire may cause rapid loss of spruce and lead to its replacement by Northern Hardwood
Forests. At present, individual spruce trees may be observed establishing in Northern Hardwood
Forests and High Elevation Red Oak Forests below the elevations where they dominate, suggesting
they do not yet suffer from the present climate. Increased rainfall in the late 1900s, suggested by
McEwan et al. (2011) as a driver of mesophication of oak forests, could possibly lead to such
downhill expansion of spruce.
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Comments: Northern Hardwood Forests are named for their resemblance to mesophytic hardwood
forests of New England, the upper Midwest, and Canada. Like those northern forests, they occupy
a climatic zone roughly between oak forests and spruce—fir forests. However, the analogy is only
general. The Northern Hardwood Forests of the Southern Appalachians contain some regional
endemic species and lack characteristic widespread northern species such as Betula papyrifera and
Populus tremuloides. The catastrophic natural disturbances that favor such successional species
also seem to be rare in the Southern Appalachians, giving our Northern Hardwood Forests a
different ecological character from those in the north.

While the concept of Northern Hardwood Forests in our region has been widely used, it has also
been widely considered problematic. Some authors of regional vegetation studies have specifically
rejected the name or have not attempted to distinguish it from cove forests. Whittaker (1956) called
it upper cove forest, even while describing numerous ways in which it differed from the classic
cove forests. McLeod (1988) did not use the name and distinguished only the low diversity beech
and birch forests above 4800 feet as distinct. Newell (1997), however, distinguished communities
clearly comparable to these. Ulrey (2002) analyzed rich cove forests data that appear to include at
least part of the concept of Northern Hardwood Forest (Rich Subtype), based on elevation ranges.
While Northern Hardwood Forests and Rich Cove Forests do share much flora and extensively
intergrade, the tremendous range in composition and environments between both, spanning some
5000 feet of elevation, calls for a division even if the transition is gradual. The reduced species
richness, the shift in dominance, and the change in relationship to topography seem sufficient
reason to create a break approximately where it is recognized here. It should be remembered,
though, that the boundary is necessarily arbitrary, and examples on both sides of the boundary may
closely resemble each other.
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KEY TO NORTHERN HARDWOOD FORESTS

1. Ground nearly entirely covered by boulders, generally piled on deeper boulders, with abundant
spaces beneath the rocks. Canopy strongly dominated by Betula alleghaniensis. Lower strata with
few species, primarily Acer spicatum, Ribes spp., and ferns and bryophytes growing on rock........
..................................................................................... High Elevation Birch Boulderfield Forest
1. Ground not entirely covered by boulders; if rocky, rocks are embedded in soil and do not have
large amounts of open space. Canopy various. Betula alleghaniensis may dominate but only at the
highest elevations will it be strongly dominant.
2. Forest strongly dominated by Fagus grandifolia, often stunted, with Aesculus flava the only
other likely abundant species; herb layer generally a lawn-like bed of Carex pensylvanica;
generally occurring at very high elevations, in concave areas adjacent to Spruce-Fir Forests or
on open Mountain tops. .....cceeevveeeerveereneeens Northern Hardwood Forest (Beech Gap Subtype)
2. Forest not strongly dominated by Fagus grandifolia, though the species is often present and
may be codominant; lawn-like areas of Carex pensylvanica absent or limited in extent;
topographic settings various.
3. Forest containing tree species indicative of richer soils, such as Tilia americana var.
heterophylla, Fraxinus americana, Prunus serotina, and Carya ovata; herb layer containing
species indicative of richer soils or shared with Rich Cove Forests, such as Collinsonia
canadensis, Caulophyllum thalictroides, Actaea pachypoda, Actaea racemosa, and
Hydrophyllum virginianum. ...................cc.......... Northern Hardwood Forest (Rich Subtype)
3. Forest not containing trees or herbs indicative of richer soils as above; canopy a mix of
Betula alleghaniensis, Aesculus flava, Fagus grandifolia, and Acer saccharum, herb layer
sparse or dense but lacking the above SPecies...........oviviiiiiiiiiiiiiiiiiii e,
...................................................... .Northern Hardwood Forest (Typic Subtype)
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NORTHERN HARDWOOD FOREST (TYPIC SUBTYPE)

Concept: Northern Hardwood Forests are the mesophytic deciduous forests of higher elevations,
occurring on exposed or somewhat sheltered sites and generally dominated by Betula
alleghaniensis, Fagus grandifolia, Acer saccharum, or Aesculus flava. The Typic Subtype
represents the most common examples, which lack the flora of rich sites and do not have the
characteristics of the other subtypes.

Distinguishing Features: Northern Hardwood Forests may be distinguished from High Elevation
Red Oak Forests and Red Spruce—Fraser Fir Forests by the predominance of mesophytic hardwood
species over Quercus rubra, Picea rubens, or Abies fraseri. High Elevation Birch Boulderfield
Forest also is dominated by mesophytic hardwoods but has over 90% cover of boulders, with
substantial open space beneath them. The ground cover vegetation in boulderfields is dominated
by plants rooted on rock and in shallow soil pockets rather than in deep soil. Though Northern
Hardwood Forest sites may be very rocky, most plants are rooted in deep soil and the rocks do not
visibly change the nature of the vegetation.

The boundary between the Rich Cove Forest and Northern Hardwood types is one of the most
difficult to define. Many species in all strata may be shared, and the gradation is particularly
gradual. The transition tends to occur around 4000 feet elevation but may be shifted considerably
up or down in response to slope aspect, exposure, and latitude. The distinction is best made by the
vegetation, based on the presence of species that are confined to high or low elevations. Typical
cove species not expected in Northern Hardwood Forest include Liriodendron tulipifera, Magnolia
fraseri, Magnolia acuminata, Ostrya virginiana, and Benthamidia (Cornus) florida. Northern
Hardwood species uncommon in Rich Cove Forests are fewer, but include Viburnum lantanoides,
Rhododendron catawbiense, and Picea rubens.

The Typic Subtype is distinguished most easily by lacking the characteristics of the other subtypes.
The herb layer may be dense but is not highly diverse, and the species of rich soils which
characterize the Rich Subtype are largely absent from all strata. While Fagus grandifolia may be
codominant in the Typic Subtype, the Beech Gap Subtype has strong Fagus dominance in
combination with a lawn-like herb layer dominated by Carex pensylvanica,

Crosswalks: Betula alleghaniensis - Fagus grandifolia / Viburnum lantanoides / Eurybia
chlorolepis - Dryopteris intermedia Forest (CEGL007285).

G742 Central Appalachian-Northeast Mesic Forest Group.

Southern Appalachian Northern Hardwood Forest Ecological System (CES202.029).

Sites: Northern Hardwood Forest (Typic Subtype) occurs on convex to concave slopes and ridges
at high elevations. Most examples are above 3600 feet, and they can range to 5600 feet or higher.
At all but the highest elevations, most examples are on north or east-facing slopes, concave slopes,
or otherwise sheltered sites.

Soils: Northern Hardwood Forests occur on a variety of Inceptisols. Common mapped soils

include Typic Haplumbrepts (Plott, Wayah), Humic Dystrudepts (Balsam, Porters, Tusquitee), and
Typic Humadepts (Burton).
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Hydrology: Sites are well drained but are mesic due to cool temperatures and high rainfall at their
high elevations. Northern Hardwood Forests are more moist than oak forests at the same
elevations, because they occur on cooler slope aspects.

Vegetation: Northern Hardwood Forest (Typic Subtype) is dominated by varying combinations
of Betula alleghaniensis, Fagus grandifolia, Aesculus flava, and Acer saccharum. Some forests
are nearly pure Betula, while others are a mix of the other species with little Betula. Quercus rubra
(presumably var. ambigua) is usually present in all but the highest elevation examples. Other
canopy tree species are scarce, though some Picea rubens or Abies fraseri may be present at higher
elevations while Tsuga canadensis, Prunus serotina, or other species may be present at the lower
elevations. Acer pensylvanicum has high constancy in the understory and Acer spicatum is also
frequent; either of these, or canopy species, may dominate the understory. The shrub layer may be
sparse or fairly dense. Rubus canadensis may be abundant where there has been widespread natural
or artificial disturbance. Viburnum lantanoides and Illex montana are frequent. Though less
frequent, species such as Vaccinium erythrocarpum, Vaccinium simulatum, Sambucus racemosa
var. pubens, and Rhododendron catawbiense indicate the high elevation affinities of this
community. The herb layer generally is well developed and may be dense. High constancy species
in CVS plot data are Dryopteris intermedia, Athyrium asplenioides, Polystichum acrostichoides,
Carex pensylvanica, and Arisaema triphyllum, and all but the last may dominate substantial
patches. Earlier in the spring, Erythronium umbilicatum var. monostolum and Claytonia
caroliniana may dominate the herb layer. Other frequent and sometimes locally dominant species
in plots include Eurybia chlorolepis, Amauropelta (Parathelypteris) noveboracensis, Ageratina
roanensis, Angelica triquinata, and Maianthemum canadense. Other frequent species include
Trillium erectum, Maianthemum racemosum, Dioscorea villosa, Tiarella cordifolia, and Viola
spp., while species such as Clintonia borealis, Dryopteris campyloptera, and Carex intumescens
var. intumescens show the community’s high elevation affinities.

Range and Abundance: Ranked G3G4. The Typic Subtype is the most abundant of the Northern
Hardwood Forests. It is scattered throughout the mountain region at higher elevations. The
equivalent association also occurs in Tennessee and southern Virginia.

Associations and Patterns: The Typic Subtype occurs as a large patch community, often
occupying the cooler slope aspects while High Elevation Red Oak Forest covers the warmer
aspects. The Typic Subtype may grade upslope to Red Spruce—Fraser Fir Forest. It may grade
downslope to Rich Cove Forest in sheltered topography or to Chestnut Oak Forest or Montane
Oak—Hickory Forest in more exposed areas. High Elevation Birch Boulderfield, Grassy Bald,
Heath Bald, High Elevation Rocky Summit, Rich Montane Seep, High Elevation Boggy Seep, or
other small patch communities may be embedded. The Typic Subtype may grade to the Rich
Subtype or Beech Gap Subtype.

Variation: The Typic Subtype is a very broad category, with much variation in species
composition, structure, and overall diversity. Several variants can be recognized:

1. Birch Variant occurs at the highest elevations. Betula alleghaniensis usually strongly dominates,
but Picea rubens may be abundant in the transition to Red Spruce—Fraser Fir Forest.

80



2. Ridge variant occurs on other high, exposed ridgetops or peaks, where Fagus grandifolia is
dominant. This variant is transitional to the Beech Gap Subtype but has a full stature canopy.

3. Typic Variant occurs at somewhat lower elevations and generally has a more mixed canopy
containing three or four of the characteristic tree species.

4. Mesic Variant occurs in the transition to Acidic Cove Forest, where Tsuga canadensis,
Rhododendron maximum, and other species of lower elevations may occur.

Dynamics: Dynamics of the Typic Subtype are similar to those of the theme as a whole.

Comments: In the southern part of the mountains, beyond the geographic range of spruce and fir,
Northern Hardwood Forests of the Birch or Ridge Variants may occupy large areas on high peaks.
A similar pattern appears in several areas within the range of spruce and fir, where mountains
reach high enough elevations to support these conifers but lack them. The Craggy Mountains and
Elk Knob are examples. The trees in the Northern Hardwood Forest are often small or stunted in
these areas. It has been noted that these mountain ranges are slightly lower in elevation than those
that do support spruce and fir, and it has been suggested that the species were eliminated from
them in a time of warmer climate several thousand years ago. The suggestion is that the spruce—
fir forests were “pushed off the top of the mountain” by the shifting of vegetation zones in that
warmer climate. An underlying assumption is that the conifers lack the ability to disperse back to
these ranges. It must be noted, however, that the Craggy Mountains are connected at high elevation
to the extensive spruce—fir forests of the Black Mountains, and that spruce appears to be dispersing
into them at present. At Elk Knob, an anomalous population of spruce occurs in the valley
downslope of the stunted Northern Hardwood Forest.

Rare species:

Vascular plants — Aconitum reclinatum, Athyrium angustum, Betula cordifolia, Cardamine
clematitis, Carex arctata, Dendrolycopodium dendroideum, Gentiana latidens, Geum
geniculatum, Glyceria nubigena, Lilium grayi, Lonicera canadensis, Lysimachia borealis,
Meehania cordata, Monarda media, Nabalus albus, Platanthera grandiflora, Platanthera
peramoena, Pyrola elliptica, Rhododendron vaseyi, Scutellaria saxatilis, Spiranthes ochroleuca,
Stachys clingmanii, and Streptopus amplexifolius var. amplexifolius.

Nonvascular plants — Bazzania nudicaulis, Brachydontium trichodes, Cephaloziella spinicaulis,
Frullania appalachiana, Drepanolejeunea appalachiana, Hypotrachyna virginica, Leskeella
nervosa, Lobarina scrobiculata, Metzgeria consanguinea, Metzgeria violacea, Pannaria
conoplea, Plagiochila austinii, and Sticta limbata.

Vertebrate animals — Catharus guttatus, Coccyzus erythropthalmus, Desmognathus organi,
Desmognathus wrighti, Plethodon welleri, and Vireo gilvus.

Invertebrate animals — Arctia caja, Platarctia parthenos, Entephria separata, Eulonchus
marialiciae, Fumonelix roanensis, Fumonelix wheatleyi clingmanicus, Gazoryctra sciophanes,

81



Inflectarius ferrissii, Korscheltellus gracilis, Lithophane georgii, Platarctia parthenos, and
Polygonia progne.
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NORTHERN HARDWOOD FOREST (RICH SUBTYPE)

Concept: Northern Hardwood Forests are the mesophytic forests of higher elevations, occurring
on exposed or somewhat sheltered sites, and generally dominated by Betula alleghaniensis, Fagus
grandifolia, Acer saccharum, or Aesculus flava. The Rich Subtype encompasses the rare examples
on mafic or calcareous rock substrates, which contain flora of rich soils, including many species
shared with Rich Cove Forest.

Distinguishing Features: Northern Hardwood Forests may be distinguished from High Elevation
Red Oak Forests and Red Spruce—Fraser Fir Forests by the predominance of mesophytic hardwood
species over Quercus rubra, Picea rubens, or Abies fraseri. High Elevation Birch Boulderfield
Forest also is dominated by mesophytic hardwoods but has over 90% cover of boulders, with
substantial open space beneath them. The ground cover vegetation in boulderfields is dominated
by plants rooted on rock and shallow soil pockets rather than in deep soil. Though Northern
Hardwood Forest sites may be very rocky, most plants are rooted in deep soil and the rocks do not
visibly change the nature of the vegetation.

The Rich Subtype is distinguished from the other subtypes of Northern Hardwood Forest by having
several canopy and herbaceous species indicative of richer soil conditions. Fraxinus americana,
Tilia americana var. heterophylla, Prunus serotina, Carya ovata, or Magnolia acuminata are
typically present in the canopy. Herbs characteristic of the Rich Subtype and not of other subtypes
include Actaea racemosa, Actaea pachypoda, Caulophyllum thalictroides, Collinsonia
canadensis, Osmorhiza claytonia, Hydrophyllum virginianum, and a number of other species.

The boundary between the Rich Cove Forest and Northern Hardwood types is particularly difficult
to define for the Rich Subtype. The overlap of species is much greater than for other subtypes.
Some of the species that are confined to lower elevations on more typical acidic substrates, such
as Magnolia acuminata and Ostrya virginiana, extend to higher elevation in the Rich Subtype.
However, Liriodendron tulipifera is confined to Rich Cove Forest, while the presence of high
elevation species such as Picea rubens, Viburnum lantanoides, or Sambucus racemosa var. pubens
is indicative of Northern Hardwood Forest. Further analysis is needed to clarify additional
indicators to distinguish these communities. The transition tends to occur around 4000 feet
elevation but may be shifted uphill or downhill in response to slope aspect, exposure, and latitude.

Crosswalks: Aesculus flava - Betula alleghaniensis - Acer saccharum / Caulophyllum
thalictroides - Actaea podocarpa Forest (CEGL004973).

G742 Central Appalachian-Northeast Mesic Forest Group.

Southern Appalachian Northern Hardwood Forest Ecological System (CES202.029).

Sites: Northern Hardwood Forest (Rich Subtype) occurs on high elevation convex to concave
slopes and ridges which are underlain by mafic or calcareous rock. Most examples are above 3600
feet, and they can range to 5600 feet or higher. At all but the highest elevations, most examples
are on north or east-facing slopes, concave slopes, or otherwise sheltered sites.

Soils: Soils in the Rich Subtype are influenced by mafic or, much less frequently, calcareous rock.
They have higher pH and base saturation than typical soils in the region. Most are mapped as the
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same series of Typic Haplumbrepts, Humic Dystrudepts, and Typic Humadepts as in the Typic
Subtype.

Hydrology: Sites are well drained but are mesic due to cool temperatures and high rainfall at their
high elevations. Northern Hardwood Forests are more moist than oak forests at the same
elevations, because they occur on cooler slope aspects.

Vegetation: The Rich Subtype has a diverse canopy that contains the characteristic Northern
Hardwood Forest species Acer saccharum, Aesculus flava, Fagus grandifolia, and Betula
alleghaniensis along with several other species shared with Rich Cove Forests. Additional trees
with high constancy in CVS plots data are Prunus serotina, Tilia americana var. heterophylla, and
Fraxinus americana. Also at least fairly frequent are Quercus rubra, Carya cordiformis, Betula
lenta, and Magnolia acuminata. The understory may be dominated by Acer pensylvanicum or, less
often, Acer spicatum or Ostrya virginiana. Swida (Cornus) alternifolia is also frequent. The shrub
layer is sparse to moderate in density. Hydrangea arborescens is the only species with fairly high
frequency in plot data, but Viburnum lantanoides, Ilex montana, and Sambucus racemosa var.
pubens sometimes occur. The herb layer is diverse and often dense and lush and shares a large
pool of species with Rich Cove Forest. Laportea canadensis can dominate in late summer, but
otherwise there usually are not clear dominant species. Highly constant species in CVS plot data
are Arisaema triphyllum, Polystichum acrostichoides, Maianthemum racemosum, Laportea
canadensis, Prosartes lanuginosa, Caulophyllum thalictroides, Trillium erectum, Actaea
podocarpa, Impatiens pallida, Stellaria pubera, Tiarella cordifolia, Polygonatum biflorum,
Dryopteris intermedia, Eurybia divaricata, Solidago curtisii, and Osmorhiza claytonia.
Additional frequent species include Angelica triquinata, Athyrium asplenioides, Lilium superbum,
Viola rotundifolia, Allium tricoccum, Hydrophyllum canadense, Viola canadensis, Huperzia
lucidula, Oclemena acuminata, Galium triflorum, Carex pensylvanica, Anemone quinquefolia,
Amauropelta noveboracensis, Streptopus lanceolatus var. lanceolatus, Collinsonia canadensis,
Dioscorea villosa, Dryopteris marginalis, Monarda didyma, Botrypus virginianus, Actaea
pachypoda, Ageratina roanensis, Festuca subverticillata, and Veratrum parviflorum. A large
number of additional species are present at frequencies below 30%. Solidago flaccidifolia and
Solidago flexicaulis may also be characteristic.

Range and Abundance: Ranked G3. The Rich Subtype is scattered throughout the high mountain
of North Carolina, but with fewer sites and much less acreage than the Typic Subtype. The related
association, as defined, ranges not only to Georgia, Tennessee and Virginia, but into West Virginia.

Associations and Patterns: The Rich Subtype occurs as a large patch or small patch community.
It may be associated with the Typic Subtype and may give way to High Elevation Red Oak Forest
or Montane Oak—Hickory Forest on warmer slope aspects. As with the Typic Subtype, it may grade
upslope to Red Spruce—Fraser Fir Forest. It may potentially contain embedded High Elevation
Birch Boulderfield, Grassy Bald, Heath Bald, High Elevation Rocky Summit, Rich Montane Seep,
High Elevation Boggy Seep, or other small patch communities, though no cases are known for
some of these associations. The Rich Subtype may grade the Typic Subtype with a change in
substrate.
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Variation: Examples may vary in the apparent richness of the site as reflected by the flora. It is
possible that there could be variants analogous to those in the Typic Subtype, but these have not
been clarified.

Dynamics: Dynamics of the Typic Subtype are similar to those of the theme as a whole.

Comments: Rohrer (1983) noted that substrate (metabasalt vs. arkose) shifted the boundary
between Northern Hardwood Forest (this subtype) and High Elevation Red Oak Forest. This
suggests that the soil nutrient status or soil texture may interact with moisture conditions and the
effects of topography.

It is particularly difficult to distinguish the Rich Subtype from Rich Cove Forest in literature, as it
is in the field. Many regional study areas, such as the Joyce Kilmer-Slickrock Wilderness and
Shining Rock Wilderness studied by Newell (1997), and the Great Smoky Mountains (Whittaker
1956), have little of the appropriate geology to support the Rich Subtype. The Black and Craggy
Mountains do have a broad range of geology, and the presence of the Rich Subtype may have
contributed to McLeod’s (1988) choice not to distinguish distinct Northern Hardwood Forest.
Ulrey (2002) distinguished two high elevation groupings of rich cove forest plots, which appear to
partially overlap this subtype of Northern Hardwood Forest.

Rare species:

Vascular plants — Aconitum reclinatum, Allium allegheniense, Clematis occidentalis var.
occidentalis, Dactylorhiza viridis, Dendrolycopodium dendroideum, Geum geniculatum, Glyceria
nubigena, Houstonia montana, Ilex collina, Lilium grayi, Lonicera canadensis, Monarda media,
Nabalus albus, Platanthera grandiflora, Platanthera peramoena, Pyrola elliptica, Rhododendron
vaseyi, Scutellaria saxatilis, Spiranthes ochroleuca, Stachys clingmanii, and Streptopus
amplexifolius.

Nonvascular plants — Bazzania nudicaulis, Brachydontium trichodes, Cephaloziella spinicaulis,
Frullania appalachiana, Drepanolejeunea appalachiana, Hypotrachyna virginica, Leskeella
nervosa, Lobarina scrobiculata, Metzgeria consanguinea, Metzgeria violacea, Pannaria
conoplea, and Sticta limbata.

Vertebrate animals — Catharus guttatus, Coccyzus erythropthalmus, Desmognathus organi,
Desmognathus wrighti, Plethodon welleri, and Vireo gilvus.

Invertebrate animals — Platarctia parthenos, Entephria separata, Eulonchus marialiciae,
Fumonelix roanensis, Fumonelix wheatleyi clingmanicus, Gazoryctra sciophanes, Inflectarius
downieanus, Inflectarius ferrissii, Korscheltellus gracilis, Lithophane georgii, Paravitrea
andrewsae, Platarctia parthenos, Polygonia progne, and Ventridens collisella.
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NORTHERN HARDWOOD FOREST (BEECH GAP SUBTYPE)

Concept: The Beech Gap Subtype encompasses forests strongly dominated by Fagus grandifolia
at very high elevation, usually as small areas around ridge top gaps surrounded by spruce—fir forest,
but sometimes as large expanses on open peaks in areas that lack spruce and fir.

Distinguishing Features: The Beech Gap subtype is distinguished from other high elevation
forests by having a canopy strongly dominated by Fagus grandifolia, with Aesculus flava being
the only other common species. The trees are generally stunted, sometimes strikingly so, and the
overall floristic composition is low in diversity. The herb layer may be either a lawn of Carex
pensylvanica or amoderate to dense bed of forbs. The Beech Variant of Northern Hardwood Forest
(Typic Subtype) is generally less strongly dominated by Fagus, has larger tree stature, and is
somewhat more diverse. The Beech Gap Subtype is a narrowly defined extreme community with
distinctive structure and appearance.

Crosswalks: Fagus grandifolia / Carex pensylvanica - Ageratina altissima var. roanensis Forest
(CEGL006130).

G742 Central Appalachian-Northeast Mesic Forest Group.

Southern Appalachian Northern Hardwood Forest Ecological System (CES202.029).

Sites: The Beech Gap Subtype characteristically occurs in south-facing ridge top gaps or on
exposed peaks and open ridges in mountain ranges that lack spruce and fir. Most examples are
above 5000 feet in elevation, but a few occurrences attributed to the subtype occur at to 4000 feet
or lower. Russell (1953) noted that Great Smoky Mountains beech gaps had more severe
microclimate, with larger temperature extremes, than surrounding forests.

Soils: The Beech Gap Subtype likely has soils similar to those of the Typic Subtype and is
generally mapped as the same series of Typic Haplumbrepts, Humic Dystrudepts, and Typic
Humadepts. Russell (1953) noted that beech gaps had less litter accumulation and higher pH than
surrounding spruce-fir forests. This probably results from the lack of coniferous litter rather than
being a cause of vegetation differences.

Hydrology: Sites are mesic due to cool temperatures and high rainfall at their high elevations.
They presumably are well drained but those on concave slopes and in gaps may be less so than the
other subtypes of Northern Hardwood Forest.

Vegetation: Beech Gap Subtype forests have short canopies, often gnarled and appearing stunted.
Fagus grandifolia generally strongly dominates, but small numbers of Aesculus flava, Betula
alleghaniensis, Picea rubens, or Acer saccharum may be present. These forests generally have
limited understory cover, which most often includes Acer spicatum and as well as species from the
canopy. Shrubs generally are sparse, with saplings of Fagus and other trees typically most
abundant in the stratum. If the canopy has been disturbed, Rubus alleghaniensis or Rubus
canadensis may be abundant. The herb layer generally is dense. Carex pensylvanica
characteristically strongly dominates. Other frequent species reported by Russell (1953) include
Laportea canadensis, Poa alsodes, Athyrium asplenioides, Carex debilis, other Carex spp.,
Stellaria pubera, and Trillium erectum. Additional herbs highly constant or frequent in CVS plot
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data include Arisaema triphyllum, Solidago curtisii, Dryopteris intermedia, Eurybia chlorolepis,
Oclemena acuminata, Angelica triquinata, Maianthemum racemosum, Maianthemum canadense,
Smilax herbacea, and Epifagus virginiana.

Range and Abundance: Ranked G1. Examples are scattered in the higher mountains. The
equivalent association also occurs in Tennessee and possibly in Georgia.

Associations and Patterns: The Beech Gap Subtype may occur either as a small patch community
surrounded by spruce-fir forest or as a large patch community occupying the tops of mountains
and grading downslope to other subtypes of Northern Hardwood Forest or to High Elevation Red
Oak Forest.

Variation: Two variants are recognized, based on the two characteristic landscape patterns more
than vegetation, and warranting further study of differences:

1. Gap Variant occurs in ridge top gaps surrounded by spruce—fir forest. This is the original concept
of beech gap, as described by Russell (1953) and Whittaker (1956) and is the source of the name.

2. Ridge Variant occurs on peaks and ridge tops, generally in areas without spruce—fir forest. It
may occupy a larger range of environments because of the lack of competition with spruce and fir.

Dynamics: These communities are apparently stable climaxes under current climatic conditions.
Trees may be quite old, although small. The forest may periodically be damaged by severe wind
or ice storms. These sites are marginal environments for the occurrence of the dominant tree
species, and growth and reproduction are relatively slow. Most reproduction may be by clonal
sprouts rather than seeds. In the last decade or two, beech bark disease has killed patches of Fagus
canopy. Such stands appear to be regenerating from root sprouts, but the long term fate of these
areas is uncertain.

The question of why these high elevation sites are not occupied by spruce and fir has been of
interest to ecologists. Pavlovic (1981), sampling across a red spruce — beech gap ecotone, found a
relatively sharp boundary and found that the Beech Gap received spruce and birch seed rain.
Russell (1953) concluded that cold temperatures and high winds were responsible for the
occurrence of Beech Gaps and that their sites experienced more extreme temperature fluctuations
than surrounding sites. Fuller (1977) suggested several other factors, including allelopathic effects
of beech litter on spruce and seed predation under beech litter.

Comments: The concept of the beech gap community appears to have originated in the Great
Smoky Mountains and to have been limited to what is here called the Gap Variant. As with many
narrowly defined, extreme communities, there is a risk of losing sight of a distinctive phenomenon
by broadening its concept. The addition of what is here called the Ridge Variant recognizes another
extreme community but one that is more difficult to distinguish from other Northern Hardwood
Forests. Further investigation is needed into whether these two variants belong together in one
subtype.
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A separate forb-dominated Beech Gap community was recognized in earlier versions of the 4"
Approximation guide, as well as in the NVC. This distinction has been dropped, as most examples
appear to be mixes of sedges and forbs. The former association, Fagus grandifolia / Ageratina
altissima var. roanensis Forest (CEGL006246), has been lumped into this one.

Rare species:
Vascular Plants — Lilium grayi, Platanthera grandiflora, and Spiranthes ochroleuca.

Vertebrate animals — Catharus guttatus and Microtus chrotorrhinus carolinensis.

Invertebrate animals — Fulonchus marialiciae.
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HIGH ELEVATION BIRCH BOULDERFIELD FOREST

Concept: High Elevation Birch Boulderfield Forests are vegetated boulderfields at high elevations
(generally above 4000 feet), with canopies strongly dominated by Betula alleghaniensis. Well-
developed boulderfields have nearly 100 percent ground cover of large rocks, with voids present
beneath the rocks, and with the structure and composition of the lower strata determined by rock
cover.

Distinguishing Features: High Elevation Birch Boulderfield Forests are distinguished from the
Boulderfield Subtype of Rich Cove Forest by higher elevation and lower species richness. High
Elevation Birch Boulderfield Forests have virtually no other canopy trees than Betula
alleghaniensis. Rich Cove Forest (Boulderfield Subtype) may have Betula alleghaniensis as a
codominant species, but also contains a variety of species of Rich Cove Forests. Tilia americana
var. heterophylla is in most examples, but Fraxinus americana, Liriodendron tulipifera, and other
species may also occur. High Elevation Birch Boulderfield Forests are generally above 4000 feet;
Rich Cove Forests (Boulderfield Subtype) may extend above 4000 feet, higher than other Rich
Cove Forest subtypes, but most are at lower elevation. High Elevation Birch Boulderfield Forests
lack lower elevation species such as Isotrema macrophyllum and Ribes cynosbati and often have
minor amounts of higher elevation species such as Picea rubens, Sorbus americana, Sambucus
racemosa var. pubens), and Viburnum lantanoides.

Crosswalks: Boulderfield Forest. Betula alleghaniensis / Ribes glandulosum / Polypodium
appalachianum Forest (CEGL006124).

Boulderfield Forest (3" Approximation).

G742 Central Appalachian-Northeast Mesic Forest Group.

Southern Appalachian Northern Hardwood Forest Ecological System (CES202.029).

Sites: High Elevation Birch Boulderfield Forests occur on coarse colluvial deposits. Large rocks
cover virtually the entire ground surface and are piled on top of each other so that there is a
substantial amount of void space beneath them. Most boulderfields are believed to be relict
Pleistocene periglacial features. They typically occur on north-facing slopes, usually in upper
coves or other steep concave slopes but occasionally on steep open slopes. A smaller number of
boulderfields appear to be talus on steep slopes below rock outcrops.

Soils: Soil consists of accumulations of organic matter on and among the boulders (Lithic
Dystrochrepts).

Hydrology: Conditions are mesic due to cool microclimate, high rainfall, and frequent fog at their
high elevations, but soil moisture may vary drastically at a very fine scale. Shallow soil pockets
maybe become dry very quickly. Some boulderfields have seepage that creates moist conditions
locally. In some, water may be heard flowing rapidly beneath the rocks, and some of this may be
accessible to plant roots.

Vegetation: High Elevation Birch Boulderfield Forests have a closed to somewhat open canopy,

strongly dominated by Betula alleghaniensis. Often no other canopy trees are present, but Aesculus
flava, Picea rubens, or Fagus grandifolia may sometimes occur. Acer spicatum usually forms an
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understory with low to moderate cover. Ribes glandulosum is the most frequent and characteristic
shrub, sometimes having substantial cover but sometimes absent or sparse. Other shrubs, sparser
and at lower frequency, include Ribes rotundifolium, Ribes cynosbati, Viburnum lantanoides,
Euonymus obovatus, and Hydrangea arborescens. The herb layer is dominated by species that can
grow on bare rock. There usually is extensive cover of mosses, more than all vascular herbs.
Polypodium appalachianum or Polypodium virginianum may have extensive cover, and
Dryopteris marginalis or Dryopteris intermedia may be abundant. Other herbs typical of Northern
Hardwood Forests are often rooted in the deeper soil pockets. The abundance of such species is
difficult to quantify in plot data, because inclusion of even small amounts of an adjacent
community can substantially increase their cover in a plot. Frequent species include Eurybia
chlorolepis, Tiarella cordifolia, Athyrium asplenioides, Arisaema triphyllum, Oclemena
acuminata, and Ageratina altissima. If seepage or flowing water is present at the surface, Impatiens
pallida, Monarda didyma, and Diphylleia cymosa may occur in pockets.

Range and Abundance: Ranked G2G3 but likely should be G2. High Elevation Birch
Boulderfield Forest is scattered through the higher mountains. It also occurs in adjacent Tennessee,
Virginia, and possibly Georgia. The equivalent association has also been questionably attributed
to West Virginia.

Associations and Patterns: High Elevation Birch Boulderfield Forest occurs in small patches,
surrounded by Northern Hardwood Forest (Typic Subtype), High Elevation Red Oak Forest, Red
Spruce—Fraser Fir Forest, or other high elevation communities.

Variation: Examples vary with the amount of water seeping or flowing among the rocks and with
gradation to adjacent communities.

Dynamics: While stand dynamics likely are similar to Northern Hardwood Forest, canopy gaps
last longer because of the difficulty of tree establishment. Chafin and Jones (1989) found
windthrow to be more common and canopy gaps more abundant in Boulderfield Forests than in
nearby Rich Cove Forests. The ability of Betula alleghaniensis to germinate and establish on top
of logs and rocks, with its roots wrapping around these features and continuing downward until
they reach soil, allows it to dominate in this unique environment.

The Southern Appalachian boulderfields apparently are relict features created by periglacial action
during the Pleistocene. Though the boulders presumably once moved downhill, they do not appear
to move at present. Weathering and sediment accumulation might be expected to eventually
develop more typical soils in them, but their apparent persistence for thousands of years suggests
that they may be stable for a long time to come. The rapid drainage of rainwater through the
boulders presumably limits chemical weathering of the rocks and carries away any weathering
products.

Comments: High Elevation Birch Boulderfield Forests are rare communities of a distinctive
extreme environment. They are clearly related to Northern Hardwood Forest but have a consistent
composition and structure distinct enough to treat as a separate type. Other Boulderfield
communities are treated as subtypes of Rich Cove Forest and Red Spruce—Fraser Fir Forest,
because they are somewhat less distinct. While rocky soils and substantial rock cover occur in
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many mountain communities, only at this extreme, where multiple layers of rock are present and
voids beneath the rocks are abundant, do distinctive communities develop. When well developed,
the aspect of large trees and moss-covered boulders is striking, as is the distinctive species
composition.

Rare species:

Vascular plants — Aconitum reclinatum, Cardamine clematitis, Conioselinum chinense, Geum
geniculatum, Glyceria nubigena, Lonicera canadensis, Meehania cordata, Phegopteris
connectilis, and Stachys clingmanii.

Nonvascular plants — Lejeunea blomquistii.

Vertebrate animals — Sorex dispar blitchi and Plethodon ventralis.

Invertebrate animals — Nesticus mimus.
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MOUNTAIN COVE FORESTS THEME

Concept: Mountain Cove Forests are mesic communities of low to middle elevations in the
Mountain Region and foothills. They occur in broad to narrow valley bottoms, ravines, and on
lower slopes. They are forested with mixtures of mesophytic hardwoods, usually containing
moderate to large numbers of tree species and may or may not include Tsuga canadensis.

Distinguishing Features: Mountain Cove Forests are distinguished from drier forests by the
dominance of mesophytic trees. Oaks, hickories, and occasionally pines are generally present but
do not dominate. Mountain Cove Forests are distinguished from Piedmont and Mountain
Floodplains, which may contain many of the same mesophytic tree and other plant species, by
lacking species such as Platanus occidentalis, Betula nigra, and Acer negundo, which are
characteristic of sites with regular flooding and alluvial deposition. Some of the tree-dominated
communities of the Mountain Bogs and Fens theme also may share many species. Those
communities are distinguished by containing additional species characteristic of acidic saturated
wetlands, such as Osmundastrum cinnamomeum, Juncus gymnocarpus, Carex folliculata, Carex
leptalea, Vaccinium macrocarpon, Rosa palustris, and Sphagnum spp.

The distinction between Mountain Cove Forests and Northern Hardwood Forests is particularly
difficult, especially in the transitional elevation zone around 3500-4500 feet. Northern Hardwood
Forests share most of their species with Mountain Cove Forests but are more strongly dominated
by one or two species, generally Betula alleghaniensis, Fagus grandifolia, Acer saccharum, or
Aesculus flava. A number of lower elevation species are common in Rich Cove Forests but rarely
or never occur in Northern Hardwood Forests, including Liriodendron tulipifera, Magnolia
acuminata, Juglans nigra, Lindera benzoin, Rhododendron maximum, and Amphicarpaea
bracteata.

Within Mountain Cove Forests, Rich Cove Forests are distinguished by a diverse canopy and
diverse herb layer that contains numerous species associated with richer soils. Tree species such
as Tilia americana var. heterophylla, Fraxinus americana, Prunus serotina, Acer saccharum,
Juglans nigra, and Magnolia acuminata are present in Rich Cove Forests but largely absent in
Acidic Cove Forests. The characteristic species of Acidic Cove Forest, such as Liriodendron
tulipifera, Betula lenta, Acer rubrum, and Halesia tetraptera, are also present in Rich Cove Forest.
Canada Hemlock Forests are distinguished by canopy dominance by 7Tsuga canadensis. Similar
compositional distinctions occur in the herb layer. Species such as Actaea racemosa,
Caulophyllum thalictroides, Laportea canadensis, Osmorhiza claytonia, Sanguinaria canadensis,
and Viola canadensis are common to most Rich Cove Forests but largely absent in Acidic Cove
Forests and Canada Hemlock Forests.

Sites: Mountain Cove Forests occur in mesic sites at low to moderate elevations, in small to large
valley bottoms, in ravines, and on lower slopes. They more often occur on concave slopes but can
be found on convex slopes that are sheltered. Most are below 4000 feet elevation, but a few range
higher in sheltered or warm environments.
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Soils: Mountain Cove Forests occur on a wide range of typical mountain soils, most often on Typic
Dystrudepts or Typic Hapludults, sometimes on Lithic Dystrudepts, Typic Humadepts, or other
types. Soils range from extremely acidic and infertile to circumneutral and rich.

Hydrology: Sites are mesic because of water accumulation on concave slopes and lower slopes,
as well as topographic sheltering.

Vegetation: Mountain Cove Forests are dominated by mixtures of mesophytic trees, with the mix
varying among sites in response to soil chemistry as well as varying widely within and among
comparable sites. Common to most are Liriodendron tulipifera, Acer rubrum, and Betula lenta, as
well as Quercus rubra and formerly, Castanea dentata. Also fairly frequent across communities
are Halesia tetraptera, Fagus grandifolia, Tsuga canadensis, Pinus strobus, Quercus alba, and
Quercus montana. Acidic Cove Forests consist largely of these species. Tsuga canadensis
dominates in Canada Hemlock Forests. Rich Cove Forests share a number of additional tree
species, most frequently Fraxinus americana, Tilia americana var. heterophylla, Magnolia
acuminata, Aesculus flava, Prunus serotina, and Acer saccharum. Lower strata vary. Acidic Cove
Forests usually have dense shrub layers of evergreen Ericaceae but may have a well-developed
herb layer of a few acid-tolerant species with few shrubs. Rich Cove Forests usually have limited
shrubs, mostly deciduous, and have a lush herb layer. Herb species richness is high at both local
and regional scales in Rich Cove Forests. Most examples have many species and some species are
present in most examples, but there is a large pool of species that occur with moderate to low
frequency.

Dynamics: Mountain Cove Forests are like most of North Carolina’s hardwood forests in naturally
occurring primarily as old-growth, uneven-aged stands. Trees up to several centuries old are
common in uncut forests. Most tree reproduction is in small, less often medium size, canopy gaps
created by the death of one or a few trees, resulting in a fine-scale mosaic of tree ages across the
forest and relative stability of the forest cover over large areas. Lorimer (1980), working in virgin
cove forests at Joyce Kilmer Memorial Forest, noted that trees are of multiple ages in areas as
small as 1/10-1/2 hectare and that major tree species were present in most 10-year age classes up
to 400 years old. However, he also noted that there were peaks of tree reproduction that suggest
widespread disturbance. Wind, lightning, and ice damage are important sources of mortality.
Lightning creates gaps at a relatively steady rate, but probably is less frequent in the sheltered
settings of coves than it is on ridges. Large wind storms may create numerous gaps at once, while
leaving the majority of canopy cover intact. Lorimer (1980) estimated that the average canopy
mortality in a decade was 5.5%, with 3.8% in nondisturbance decades and up to 14% in decades
with major disturbances. Runkle (1982) and Runkle and Yetter (1987) found that gaps formed at
a rate of 1% of the land surface/year in their study areas. Runkle (1982) estimated for old-growth
mesic forests in general that recognizable gaps occupied 17.3% of the canopy in Joyce Kilmer
Memorial Forest and 8.9-24.2% in the Great Smokies.

Many of the characteristic trees of Mountain Cove Forests are tolerant of shade and regenerate
readily beneath the canopy. However, other frequent trees, such as Liriodendron, are regarded as
early successional species intolerant of shade. Liriodendron’s abundance in old-growth forests was
regarded as a paradox, but Buckner and McCracken (1978), Lorimer (1980), and Clebsch and
Busing (1989) all addressed this problem by noting that the single-tree and few-tree gaps in old-
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growth forests are large enough to allow its regeneration. Liriodendron itself, as the largest of cove
forest trees, is capable of forming gaps that allows its regeneration, but a number of other tree
species can become almost as large and create large gaps.

Fire appears to be of limited importance in Mountain Cove Forests. The newly recognized
frequency of fire in the low- and mid-elevation mountain landscapes suggests they were exposed
to it regularly. However, the prevalence in coves of plant species not very tolerant of fire, a
prevalence that is described in early studies and recorded in long-lived trees dating to before the
time of fire suppression, indicates that fire was not an important ecological influence. The moist
site conditions, shelter from wind, the tendency of mesophytic leaf litter to mat down and hold
moisture, and the location downhill of most directions of fire spread would all dampen fire
behavior. Where present day prescribed fires are allowed to burn into coves or ravines, the fires
sometimes go out and sometimes spread with low intensity that has little effect on even the thin-
barked trees. Wildfires during droughts can have more effect but rarely are hot enough to cause
widespread tree mortality in coves. The importance of fire in oak forests, despite their being
dissected by bands of cove forest, suggests that fires usually crossed the coves. Ignition sources
were not dense enough to create even moderate fire frequency without fires spreading over large
areas. It is possible that the influence of topography and moisture on fire behavior was an important
influence on the boundary between mesophytic forests and oak forests. Feedbacks created by the
different flammability of oak and mesophytic leaf litter, as well as by different shrub and herb
layers, may have sharpened and stabilized this boundary.

After heavy logging or clearing, Mountain Cove Forests usually regenerate in successional stands
dominated by Liriodendron tulipifera, Pinus strobus, or Robinia pseudo-acacia, occasionally with
yellow pines also becoming important. Logging also appears to increase abundance of other small-
seeded trees such as Betula lenta and Acer rubrum, and sometimes may increase the amount of
oak. Other species, such as Aesculus flava, frequently are scarce or lacking in second growth
forests and may be very slow to return.

Much less is known about the dynamics of the lower strata of Mountain Cove Forests. Rich Cove
Forests support dense and diverse herb layers of species that are shade-tolerant and do not depend
on fire or other frequent disturbance to maintain diversity. Environmental heterogeneity and fine-
scale niche differentiation may be important in the coexistence of so many species. Extensive
spatial and ecological analysis by Tessell (2017) suggests that dispersal limitation is also an
important factor in determining the presence of many species, not just on a regional scale but at
individual sites within their ranges. Many herbs have no apparent adaptation for seed dispersal,
and reproduction occurs only near parent plants. Dispersal limitation could explain the low
constancy of many herb species and be an important influence on composition of individual
community occurrences.

Herb layers appear stable over time, but little is known about stability on a fine scale. Most of the
species probably are conservative, have long life spans, and reproduce by seed infrequently. Most
coves that were cultivated in the past can be observed to have low herb density or to have higher
density but low species richness even after many decades of recovery. A suggestion by Duffy and
Meier (1992) that cove herb layers may also be very slow to recover from clearcutting sparked a
rapid and heated response (e.g., Johnson, et al. 1993) but not a definitive answer. Greenlee (1974)
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found that a cove that had been selectively logged had very different canopy structure and herb
composition from a virgin cove forest. Even-aged, young canopies resulting from clearing or heavy
logging may have reduced rate of gap formation and size of gaps. Such gaps may be necessary for
maintaining high diversity. Observations readily made in second growth forests suggest that effects
of past logging have been variable. Some successional cove forest stands have lush and diverse
herb layers even though the canopy is young and heavily altered. Other successional coves have
little herb cover or have low herb diversity even after many decades of recovery from logging.
This appears to suggest that cove herb layers sometimes survive logging and survive the dense
shade of young stands of regeneration, but they do not recover readily if they do not survive these
stages. But it is possible that some other aspect of history, perhaps the intensity of forest grazing,
is responsible for these differences.

There is similar uncertainty about the dynamics of the shrub layer in Acidic Cove Forests and
some Canada Hemlock Forests. The concerns about an increase in evergreen heath shrub layers in
oak forests (Monk, et al. 1985) are less likely to be appropriate in these mesophytic sites. However,
the ability of trees, even shade-intolerant Liriodendron, to coexist with dense shrub layers is
interesting and would warrant further investigation.

There is also a question of possible interplay between shrubs and herbs. Occasional forests may
be found with trees of Rich Cove Forests but with a dense Rhododendron shrub layer and few
herbs. It is unclear if these mixtures are stable, nor, if they represent a recent transition, what caused
it. Rhododendron maximum litter acidifies the soil, and a feedback mechanism may promote its
persistence once established. It is unclear how readily this effect would be reversed by loss of the
shrubs, such as might occur if they were destroyed by fire. Rhododendron maximum patches are
often present as minor components in Rich Cove Forests, just as small numbers of Rich Cove
Forest herbs can be present in Acidic Cove Forests. Logging may potentially lead to proliferation
of shrubs, expanding shrubby conditions into herbaceous areas. However, such sites that suggest
a conversion between acidic and rich cove conditions are rare, and most examples appear to be
stable in the long term.

Comments: Ulrey’s (2002) analysis of mesophytic vegetation throughout the North Carolina
mountains showed a distinct separation of Acidic Cove Forest and Rich Cove Forest in ordination
space, with variables of soil fertility but not topography separating the two. The more mesic oak
forests, also included in his analysis, were separated from both by variables related to topography
and dryness but not by soil fertility. He noted, as has the author, that Acidic Cove Forests and Rich
Cove Forests seldom grade into each other, but that each more often grades into oak forest. Ulrey
(2002) also noted that the measures of soil chemistry that are generally termed “richness” or
“fertility” in ecological studies and that correlate with community patterns are quite different from
measures of fertility in agriculture. Ecological gradients are usually correlated with pH and a
variety of nutrient cations, while agricultural productivity is most often determined by nitrogen
and phosphorus.
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KEY TO MOUNTAIN COVE FORESTS

1. Forest rich, containing significant amounts of trees and herbs of richer soils, such as Fraxinus
americana, Tilia americana var. heterophylla, Magnolia acuminata, Aesculus flava, Prunus
serotina, Lindera benzoin, Actaea spp., Collinsonia canadensis, Sanguinaria canadensis, Asarum
canadense, Osmorhiza spp., Laportea canadensis, Podophyllum peltatum, Phegopteris
hexagonoptera, Phryma leptostachya, Hydrophyllum spp., and a number of others. More broadly
tolerant species listed below are also present and may dominate, but multiple rich-site species are
present more than incidentally. Rhododendron maximum and Leucothoe fontanesiana, if present,
are confined to patches in a minority of the area.
2. Forest additionally containing several species indicative of more extremely rich or calcareous
soils, such as Acer nigrum, Deparia acrostichoides, Diplaziopsis (Diplazium) pycnocarpa,
Dryopteris goldieana, and Aquilegia canadensis, and containing large amounts of species such
as Juglans nigra, Asarum canadense, Cryptotaenia canadensis, and Phryma leptostachya. Sites
are generally underlain by amphibolite, limestone, dolomite, or marble.
3. Community in the foothills or below 2000 feet in elevation; herb layer often only moderate
N AENSIEY .vvvieiiiie e Rich Cove Forest (Foothills Rich Subtype)
3. Community in the Blue Ridge, above 2000 feet in elevation; herb layer very dense and lush.
............................................................................. Rich Cove Forest (Montane Rich Subtype)
2. Forest not additionally containing any more than stray individuals of species characteristic of
more extremely rich soils. May be underlain by any common rock type but not associated with
calcareous rock.
4. Community in a boulderfield; large boulders covering virtually all the ground, with open
voids beneath many of them; canopy generally consisting of a smaller set of trees, usually
predominantly Betula alleghaniensis, Betula lenta, and Tilia americana var. heterophylla; herb
layer sparse or consisting mainly of moss and fern cover on rock but containing several of the
species listed above. ........cccvveeciiiiicieecieeeee e, Rich Cove Forest (Boulderfield Subtype)
4. Community not in a boulderfield; rock cover may be substantial but almost all plants are
rooted in deep soil; the herb layer cover is not greatly reduced by rock.
5. Canopy with Quercus rubra dominant, though Tilia americana var. heterophylla and
species of other Rich Cove Forests are codominant or abundant; community on a steep,
though still concave, slope in the upper end of a cove, generally very rocky but not a
boulderfield. ........cooviveiiiieiieee e Rich Cove Forest (Red Oak Subtype)
5. Canopy not dominated by Quercus rubra more than in small groves, at least not in
coincidence with a steep, rocky, upper cove setting.
6. Community in the foothills or below 2000 feet elevation; herb layer often only moderate
in density, though containing rich-soil species; Fagus grandifolia more likely to be present.
......................................................... Rich Cove Forest (Foothills Intermediate Subtype)
6. Community above 2000 feet elevation or within the interior of the Blue Ridge region
and resembling communities at higher elevation; herb layer generally dense; Fagus
grandifolia may be present but is less likely............c.ooiiiiiiii
........................................... Rich Cove Forest (Montane Intermediate Subtype)

1. Forest lacking the above species of richer soils; trees and herbs consisting of a small suite of

more broadly tolerant species such as Liriodendron tulipifera, Betula lenta, Halesia tetraptera,
Polystichum acrostichoides, Amauropelta (Parathelypteris) noveboracensis, Medeola virginiana,
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and Viola rotundifolia; often, but not always, with a dense shrub layer of Rhododendron maximum
or Leucothoe fontanesiana.
7. Forest dominated by Tsuga canadensis, at least weakly. Communities formerly dominated by
Tsuga that died recently because of hemlock woolly adelgid may be classified here but their
future natural character is uncertain.
8. Pinus strobus codominant with Tsuga canadensis..................ccoooiiiiiiiiiiiiiiiiiiiannann..
................................................... Canada Hemlock Forest (White Pine Subtype)
8. Pinus strobus not codominant, normally not present; other hardwood species may be
abundant, or Tsuga may strongly dominate.......... Canada Hemlock Forest (Typic Subtype)
7. Forest not dominated by Tsuda canadensis, though the species may be abundant; generally
dominated by combinations of Liriodendron tulipifera, Betula lenta, Betula alleghaniensis, Acer
rubrum, Halesia tetraptera, Fagus grandifolia, and Quercus rubra.
9. Forest dominated or codominated by Betula alleghaniensis, generally lacking Liriodendron
tulipifera; generally at elevations above 3000 feet ............c.cooiiiiiiiiiiiiiiiiiins
..................................................... Acidic Cove Forest (High Elevation Subtype)
9. Betula alleghaniensis not dominant or codominant, generally absent; potentially at a broad
range of elevations, including above 3000 feet.
10. Canopy dominated by Halesia tetraptera, often codominant with Tsuga canadensis;
Liriodendron tulipifera generally absent.............. Acidic Cove Forest (Silverbell Subtype)
10. Canopy not dominated by Halesia, though the species is often present; generally
dominated by Liriodendron or with a mixed canopy of that species with Betula lenta, Acer
rubrum, Fagus grandifolia, Halesia tetraptera, and Quercus rubra. ..............................
...................................................................................... Acidic Cove Forest (Typic Subtype)
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RICH COVE FOREST (MONTANE INTERMEDIATE SUBTYPE)

Concept: Rich Cove Forests are low to mid elevation mesophytic mountain and foothill forests
with a diverse mix of trees that includes species of richer soils such as Fraxinus americana, Tilia
americana var. heterophylla, Magnolia acuminata, Prunus serotina, and Aesculus flava, along
with more widely tolerant mesophytic species. The herb layer also is diverse and contains many
species of richer soils. The Montane Intermediate Subtype covers the most common examples,
occurring in the Mountains at all but the lowest elevations and lacking the species characteristic
of the richest sites such as Deparia acrostichoides, Diplaziopsis (Diplazium) pycnocarpa, and
Dryopteris goldieana.

Distinguishing Features: Rich Cove Forests are distinguished by having a diverse mix of
mesophytic trees and a diverse mix of herbs, both of which include species of richer soils as well
as more widely tolerant species. Trees common in Rich Cove Forest and scarce to absent in Acidic
Cove Forest include Aesculus flava, Fraxinus americana, Tilia americana var. heterophylla, and
Magnolia acuminata, along with less common species such as Juglans nigra, Carya ovata, and
Cladrastis kentukea (lutea). Herbs present in Rich Cove Forest and absent or scarce in Acidic Cove
Forest include Actaea racemosa, Caulophyllum thalictroides, Prosartes lanuginosa, Aruncus
dioicus, Adiantum pedatum, Collinsonia canadensis, Osmorhiza claytonii, Laportea canadensis,
and many others. Acidic Cove Forest canopy and herb species are a subset of those in Rich Cove
Forest. Acidic Cove Forests also generally have a better developed shrub layer dominated by
Rhododendron maximum or Leucothoe fontanesiana, species which are often present but not
abundant in Rich Cove Forests. Most of the small number of herbaceous species of Acidic Cove
Forest (e.g., Polystichum acrostichoides, Medeola virginiana, and Viola canadensis) may also
occur in Rich Cove Forest.

The distinction between Rich Cove Forest and Northern Hardwood Forest can be especially subtle
because Northern Hardwood Forests are often dominated by a subset of species found in Rich
Cove Forest. However, Rich Cove Forests contain a number of species of lower elevation, which
are absent or scarce in Northern Hardwood Forests. These include Liriodendron tulipifera, Juglans
nigra, Ulmus rubra, and usually Magnolia acuminata, as well as many herbaceous species. A few
species are more common in Northern Hardwood Forests, including Viburnum lantanoides, Picea
rubens, and Rhododendron catawbiense.

Rich Cove Forests are distinguished from the Mesic Mixed Hardwood Forests and Basic Mesic
Forests of the Piedmont by having a large component of montane flora; montane species may be
present in Basic Mesic Forests, but generally only a few species at a given site and at low density.
Fagus grandifolia is almost always a major component of the Piedmont communities, while Tilia
americana var. heterophylla, Aesculus flava, Magnolia acuminata, Betula alleghaniensis, and
Betula lenta are indicators of Rich Cove Forest.

Montane Alluvial Forest communities may share many species with Rich Cove Forests, but can
be distinguished by the presence of characteristic species of floodplains, such as Platanus
occidentalis, Betula nigra, and Acer negundo. Montane Alluvial Forests also tend to have a
different mix of species, often including more from a broad range of moisture tolerances.
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The Montane Intermediate Subtype is distinguished from the Montane Rich Subtype by the
absence or scarcity of the most calciphilic species, such as Diplaziopsis pycnocarpa, Asplenium
rhizophyllum, Dryopteris goldieana, Aquilegia canadensis, and Acer nigrum. Additional species
that are shared are more abundant in the Montane Rich Subtype, including Asarum canadense.
Cryptotaenia canadensis, and Phryma leptostachya. The Montane Intermediate Subtype is
distinguished from the Foothills subtypes by occurring in the central parts of the Blue Ridge rather
than on the periphery or in the foothills, and generally at elevations above 2000 feet. The Foothills
Intermediate Subtype may be distinguished from lower elevation examples of the Montane
Intermediate Subtype by the presence of a few lower elevation species, such as Liquidambar
styraciflua, and by a less dense and generally less diverse herb layer.

Crosswalks: Liriodendron tulipifera - Fraxinus americana - (Aesculus flava) / Actaea racemosa
- Laportea canadensis Forest (CEGL007710).

G020 Southern Appalachian-Interior Mesic Forest Group.

Southern and Central Appalachian Cove Forest Ecological System (CES202.373).

Sites: Rich Cove Forests occur in sheltered mesic sites such as valley bottoms, ravines, lower
slopes, and concave slopes. The Montane Intermediate Subtype usually occurs from 2000-4000
feet elevation, with a few examples higher and lower. The Montane Intermediate Subype may
occur on any geologic substrate but is generally replaced by other subtypes on mafic or calcareous
rocks.

Soils: The Montane Intermediate Subtype occurs on a wide range of soil map units, including
Typic Dystrudepts (Ashe, Porters), Humic Dystrupepts (Tusquittee, Unaka), Typic Humadepts
(Cullasaja, Tuckasegee), and Typic Hapludults (Chester, Watauga). Soils are acidic but are higher
in pH, base saturation, and levels of nutritive cations than in most mountain communities, higher
than in Acidic Cove Forests, but lower than in the Montane Rich Subtype.

Hydrology: Sites are well drained but mesic due to topographic sheltering, low slope position,
and flow convergence on concave slopes. Local small seepages may be present.

Vegetation: The Montane Intermediate Subtype canopy is dominated by a varying mix of
mesophytic trees, which may locally have one or a couple of predominant species, but which
usually contains many species within the stand. Canopy species in 50% or more of the numerous
CVS plots, all sometimes dominant, are Quercus rubra, Tilia americana var. heterophylla,
Fraxinus americana, Aesculus flava, Liriodendron tulipifera, Acer saccharum, Betula lenta,
Prunus serotina, Robinia pseudo-acacia, Magnolia acuminata, Tsuga canadensis, and Halesia
tetraptera. Also frequent are Fagus grandifolia, Acer rubrum, and Carya glabra. The understory
consists primarily of canopy species but has Acer pensylvanicum as a constant component,
frequently contains Benthamidia (Cornus) florida, Swida (Cornus) alternifolia, and sometimes
contains Magnolia fraseri, Ostrya virginiana, or Carpinus caroliniana. The shrub layer usually is
open, with no species constant. Hamamelis virginiana, Rhododendron maximum, and Lindera
benzoin are most frequent, but Rhododendron does not dominate large areas. The herb layer is
dense, often extremely lush, with multiple layers and with different species predominating in
different seasons. A few species, such as Polystichum acrostichoides, Laportea canadensis,
Eurybia divaricata, Asarum canadense, or Amauropelta (Parathelypteris) noveboracensis may
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dominate patches, but usually there is no strong dominant. Species occurring in 50% or more of
CVS plots include, besides the above, Prosartes lanuginosa, Maianthemum racemosum, Actaea
racemosa, Solidago curtissii, Botrypus virginianus, Caulophyllum thalictroides, Galium triflorum,
Dioscorea villosa, Collinsonia canadensis, Stellaria pubera, Tiarella cordifolia, Sanguinaria
canadensis, Trillium erectum, and Osmorhiza claytonia. Species only a bit less frequent (30-49%)
include Goodyera pubescens, Medeola virginiana, Dryopteris intermedia, Athyrium asplenioides,
Amphicarpaea bracteata, Viola sororia, Adiantum pedatum, Polygonatum biflorum, Panax
quinquefolius, Phegopteris hexagonoptera, Viola blanda, Viola canadensis, Eutrochium
purpureum, Dryopteris marginalis, Polygonatum pubescens, Deparia acrostichoides,
Hydrophyllum virginianum, Clintonia umbellula, Impatiens capensis/pallida, and Veratrum
parviflorum. A number of additional species are less frequent in plot data but are nevertheless
characteristic of the community, including Astilbe biternata, Uvularia grandiflora, Galium
latifolium, Sanicula canadensis, Sanicula odorata, Podophyllum peltatum, Ranunculus
recurvatus, Ageratina altissima, Phryma leptostachya, Cardamine diphylla, Hepatica acutiloba,
Symphyotrichum cordifolium, Sedum ternatum, Actaea pachypoda, Osmorhiza longistylis,
Arisaema triphyllum, Trillium grandiflorum, Dicentra canadensis, Dicentra cucullaria, Persicaria
virginiana, Thaspium barbinode, and several species of Carex. This community is rich in species
at both the plot scale and the whole community scale. Plots averaged 71 species per 1/10 hectare.
The species pool represented by the plots contains 490 species occurring in more than one plot,
and 297 occurring in at least 5% of the plots.

Range and Abundance: Ranked G4. Rich Cove Forest (Montane Intermediate Subtype) is one of
the most common communities in the Mountain region. It also occurs in Georgia, Tennessee, and
Virginia, and the equivalent association has been questionably attributed to West Virginia.

Associations and Patterns: Rich Cove Forest (Montane Intermediate Subtype) is extensive and
makes up a significant minority of the landscape mosaic in most places. It interfingers with various
oak communities on the drier slopes. Ulrey (2002) indicated that he seldom saw Rich Cove Forests
and Acidic Cove Forests co-occur, but such a pattern does sometimes occur. Rich Cove Forests
fairly frequently contain embedded small patches of Montane Cliff, Rich Montane Seep, or Low
Elevation Seep, and occasionally contain patches of Rich Cove Forest (Boulderfield Subtype).

Variation: With its large geographic and elevational range, the Montane Intermediate Subtype
encompasses a tremendous range of variation. However, because of its large species pool and high
local variability, it can be hard to sort out patterns suitable for recognition as variants. The large
number of species with limited means for dispersal (Tessell 2017) leads to variability in
composition that cannot be related to environmental variation. Ulrey (2002), in analysis focused
on Rich Cove Forests, identified 5 groupings, four of which are tentatively recognized as variants
here (the fifth is equated to the Red Oak Subtype). More testing is needed to determine how well
these variants can be distinguished. Though apparently distinct in multivariate analysis,
distinguishing features among them are not easily articulated. An additional variant is recognized
based on the author’s experience.

1. Typic Variant occurs in the lower elevation range and is most characteristic of the Montane

Intermediate Subtype as a whole. Acer saccharum, Aesculus flava, and Tilia americana var.
heterophylla usually dominate.
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2. High Elevation North Variant occurs at elevations above 3600 feet in areas north of the
Asheville Basin. It has Betula alleghaniensis and Fagus grandifolia dominant in addition to the
species of the Typic Variant. Ostrya virginiana often occurs in the understory. Particular herb
species may strongly dominate, including Laportea canadensis, Stellaria pubera, Viola
canadensis, Dryopteris intermedia, and Caulophyllum thalictroides. This variant is transitional to
Northern Hardwood Forest (Rich Subtype). Ulrey (2002) may not have placed the boundary in the
same place the 4" Approximation does. Liriodendron and Magnolia both are present in his data
for this group but at only low frequency.

3. High Elevation South Variant occurs above 3900 feet in areas south of the Asheville Basin.
Betula alleghaniensis is a dominant canopy species, and Betula lenta is too. Aesculus flava, Acer
saccharum, Quercus rubra, Tilia americana var. heterophylla, Ageratina altissima and Actaea
racemosa often dominate the herb layer. Also characteristic, compared to other variants, is Prunus
pensylvanica.

4. Rich Variant occurs at elevations below 3500 feet and contains richer soils and species indicative
of them. Part of the set of plots defined as this group by Ulrey (2002) probably represents the
Montane Rich Subtype. See the description of that subtype for more discussion. Because some
portion of this rich group does not appear to fit within the Montane Rich Subtype, it is
accommodated in this variant. Liriodendron tulipifera apparently is more constant and abundant
in this variant than in any of the others, but this may be not be universally true compared to the
Typic Variant. Ulmus rubra, Astilbe biternata, and Cystopteris protrusa are noted as characteristic
of this group, and Asarum canadense is more abundant in it.

5. Acidic Transition Variant is less diverse and contains a smaller subset of characteristic Rich
Cove Forest species. The canopy generally contains Fraxinus americana, Magnolia acuminata, or
Prunus serotina, as well as species shared with Acidic Cove Forest, but lacks most of the other
characteristic species. The herb layer generally contains Amphicarpaea bracteata, Brachyelytrum
erectum, Phegopteris hexagonoptera, Dichanthelium boscii, or Ageratina altissima, along with
the species shared with Acidic Cove Forest, but lacks many other characteristic Rich Cove Forest
species. This variant should only be recognized where it covers a significant area without being
transitional between another variant and an adjacent community. It is scattered throughout the
Mountain Region but appears to be much less common than the Typic Variant. A comparable
variant occurs in the Foothills Intermediate Subtype.

Dynamics: The Montane Intermediate Subtype has dynamics similar to the Mountain Cove
Forests theme as a whole. The importance of dispersal limitation in Rich Cove Forests (Tessell
2017) may create some interesting dynamics, with herb layer composition changing in response to
infrequent dispersal and metapopulation processes in a way different from many other
communities.

Comments: Rich Cove Forests as a whole constitute one of the most recognized and well-loved

communities in the Mountains. Though many early studies did not distinguish between Acidic
Cove Forest and Rich Cove Forest (see discussion under Acidic Cove Forest (Typic Subtype), all
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described something recognizable as Rich Cove Forest. Where Rich Cove Forests were present.
Acidic Cove Forests may have been ignored or viewed as a poorly developed versions.

Ulrey (2002) focused analysis on the distinction between Acidic Cove Forest and Rich Cove
Forest, using plot data from across the North Carolina mountains and adjacent areas. His results
are similar to what was recognized in the 3™ and 4™ Approximation. He also analyzed variation
within Rich Cove Forests, and his results are the basis for the variants described here. His results
are not as definitive for the subtypes of Rich Cove Forest because he didn’t include data from the
foothills and because his results were apparently different from previous concepts for the Rich
Subtype. However, the variants based on his descriptions may become the basis for recognition of
additional subtypes in this complex set of communities. Newell (1997) also recognized multiple
community groupings within the range, but these varied among her three study areas in a way that
is difficult to interpret on a regional scale.

Ulrey demonstrated that even within the narrow range of moisture and soil nutrient status
represented by Rich Cove Forests, soil chemistry as well as elevation play a recognizable role in
structuring vegetation. He also noted that at least two of his groupings, adopted here as the High
Elevation North and High Elevation South variants, did not have any recognizable environmental
correlation. He suggested biogeography as a cause, though the possibility of unmeasured
environmental variables remains a possibility. The Asheville Basin is a biogeographic break for
many plant species, but the species that most strongly distinguish the variants occur on both sides
of it. The biogeographic break between these variants is at a different geographic scale than the
dispersal-related variation studied by Tessell (2017).

Both Whittaker (1956) and McLeod (1988) placed great emphasis on the broad transition between
cove forests and drier oak forest communities. They noted that this transition zone is often more
rich in species than the heart of the Rich Cove Forest. While this zone can sometimes be recognized
in plots, it generally appears to be limited on the ground and too tightly tied to the Rich Cove
Forest to classify as a separate community. The boundary between Rich Cove Forest and adjacent
oak communities is placed where the diversity in the canopy and herb layer gives way to oak
dominance and a sparser herb layer. Several of the characteristic Rich Cove Forest trees, especially
Magnolia acuminata, Prunus serotina, and Fraxinus americana, can occur in oak forests as
saplings or understory trees, while rarely being present in the canopy. This may be a recent
phenomenon, the “mesophication” occurring as a result of removal of fire as a natural process.
However, the observation of mixing and transition by Whittaker in 1956, not long after the
beginning of effective fire suppression, suggests such gradation has long been present.

Rare species:

Vascular plants — Aconitum reclinatum, Bromus ciliatus, Buckleya distichophylla, Cardamine
clematitis, Carex pedunculata var. pedunculata, Caulophyllum giganteum, Chelone cuthbertii,
Carex roanensis, Cypripedium parviflorum var. parviflorum, Dicentra eximia, Diervilla rivularis,
Erigenia bulbosa, Frasera caroliniensis, Geum geniculatum, Hackelia virginiana, Hexastylis
rhombiformis, Lilium grayi, Lonicera canadensis, Meehania cordata, Micranthes caroliniana,
Polygala senega, Primula meadia, Scutellaria saxatilis, Silene ovata, Smilax hugeri, Spigelia
marilandica, Stewartia ovata, Symphyotrichum shortii, Synandra hispidula, Trillium discolor,
Trillium flexipes, Trillium simile, Viola appalachiensis, and Waldsteinia lobata.
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Nonvascular plants — Brachythecium rotaeanum, Cirriphyllum piliferum, Cryphaea nervosa,
Cyrto-hypnum pygmaeum, Entodon sullivantii, Metzgeria consanguinea, Rhabdoweisia crenulata,
Sciuro-hypnum populeum, and Sticta limbata.

Vertebrate animals — Aneides aeneus, Dendroica cerulea, and Plethodon yonahlossee pop. 1.
Invertebrate animals — Appalachina chilhoweensis, Celastrina nigra, Discus bryanti, Gastrocopta

corticaria, Glyphyalinia junaluskana, Glyphyalinia pentadelphia, Nesticus sheari, Pallifera
ohioensis, Papaipema astuta, Papaipema cerina, and Paravitrea ternaria.
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RICH COVE FOREST (MONTANE RICH SUBTYPE)

Concept: Rich Cove Forests are low to mid elevation mesophytic mountain and foothill forests
with a diverse mix of trees that includes species of richer soils such as Fraxinus americana, Tilia
americana var. heterophylla, Magnolia acuminata, Prunus serotina, and Aesculus flava, along
with more widely tolerant mesophytic species. The herb layer also is diverse and contains many
species of richer soils. The Montane Rich Subtype includes the less common examples occurring
on the unusually rich substrates associated with mafic or calcareous rocks, in the Mountain region.
They contain indicators of unusually rich soils, such as Deparia acrostichoides, Diplaziopsis
(Diplazium) pycnocarpa, and Dryopteris goldieana.

Distinguishing Features: Rich Cove Forests are distinguished by having a diverse mix of
mesophytic trees and a diverse mix of herbs, both of which include species of richer soils. Trees
common in Rich Cove Forest and scarce to absent in Acidic Cove Forest include Aesculus flava,
Fraxinus americana, Tilia americana var. heterophylla, and Magnolia acuminata, along with less
common species such as Juglans nigra, Carya ovata, and Cladrastis kentukea (lutea).

The Montane Rich Subtype is distinguished from the Montane Intermediate Subtype by
differences in flora and vegetation that correlate with soil pH and fertility. The distinction can be
subtle. Some members of a pool of calciphilic species such as Cystopteris protrusa, Diplaziopsis
(Diplazium) pycnocarpa, Asplenium rhizophyllum, Aquilegia canadensis, Dryopteris goldieana,
Philadelphus hirsutus, or Acer nigrum are generally present in a stand but may be sparse and not
found in vegetation plots. Other species are more abundant in the Montane Rich Subtype but may
still be found sometimes in other subtypes. These include Carya cordiformis, Juglans nigra,
Carpinus caroliniana, Toxicodendron radicans, Deparia acrostichoides, Asarum canadense,
Astilbe biternata, Phryma leptostachya, Cryptotaenia canadensis, and Panax quinquefolius.
Tsuga canadensis, Acer rubrum, and Oxydendrum arboreum generally are absent in the Montane
Rich Subtype.

The Montane Rich 