Long Database Report

Vegetation-plot database of the Carolina
Vegetation Survey
Robert K. Peet, Michael T. Lee, M. Forbes Boyle, Thomas R. Wentworth, Michael P.
Schafale & Alan S. Weakley
Abstract: The Carolina Vegetation Survey (CVS) is a multi-institutional research program designed to document the composition of
the natural vegetation of the Carolinas and adjacent states. CVS maintains a system of databases (GIVD ID NA-US-006) that contain
data from over 8,200 vegetation plots containing records of in excess of 3,500 species and spanning over 600 vegetation types recognized in the US National Vegetation Classification Standard (NVCS). Over 5,300 of these plots were collected using the level-5 CVS
protocol, which provides documentation of composition across a range of spatial scales from 0.01 to at least 100 and often 1,000 m².
As such, the CVS database contains the largest set of multi-scale vegetation plot data yet assembled. In addition, the standard CVS
protocol includes tallies of woody stems by diameter and detailed documentation of soil and other environmental attributes. The Carolina Vegetation Survey Database system provides a flexible data archive built on the VegBank data model and is designed to store a
wide range of vegetation-plot data, from restoration plots tracking the success of planted stems to plots with a complete inventory of
both tree stems and plant cover values. Concept-based taxonomy is implemented for both community types and plant taxa, reducing
the ambiguity that is inherent in using names only, as the meaning of a name can vary with taxonomic authority. The plots in the CVS
archive have been used in numerous publications to document compositional variation in vegetation of the southeastern US and to address a range of broader questions such as patterns in species richness, patterns of species specialization versus generalization, speciesarea relationships, design of targets for ecological restoration, and documentation of long-term trends in vegetation composition.
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Introduction
The Carolina Vegetation Survey (CVS) is
a collaborative, multi-institutional program established in 1988 to document and
disseminate information on the composition and status of the natural vegetation of
the Carolinas for purposes of biodiversity
inventory, monitoring of environmental
impacts, and assessment of conservation
status. CVS seeks to identify and prioritize natural communities for conservation,
inform the development of a regional
classification of these communities, provide accurate templates for restoration,
and provide a baseline for assessment of
change in natural vegetation of North and
South Carolina. CVS archives and distributes information for classification, description, and restoration of the natural
vegetation communities of the Carolinas.

CVS maintains a system of databases
that house data from vegetation plots collected across the southeastern portion of
the United States, with a particular focus
on North and South Carolina (Fig. 1). The
data come from multiple sources. One
particularly important source is provided
by "pulse" events that draw together numerous volunteers for a week-long intensive sampling activity where we focus on
capturing the range of variation in vegetation within one geographic region. Volunteers get to meet and work with other enthusiasts as well as the most knowledgeable experts from across the region and are
generally provided accommodations and a
souvenir T-shirt (Fig. 2). There have been
one or two (and occasionally three) pulse
events every year since 1988, and in excess of 900 persons have participated in at
least one of these events. In addition to

pulse events, which focus on a region, we
have had a significant number of graduate
student projects focused on a particular
vegetation type across its range of variation, often for vegetation types not amenable to volunteers (e.g. delicate mountain wetlands, dangerous mountain cliffs).
We also include in the CVS database vegetation plot data collected by partner organizations, such as the U.S. National
Park Service, the U.S. Forest Service, and
NatureServe. In this paper we summarize
the CVS field protocol, the CVS database
system, the available CVS vegetation data, and some of the many applications that
have been made of these data. It is our
hope that other groups might benefit from
learning about the CVS approach, through
use of our database tools, or use of the
data that we have collected.
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GIVD Database ID: NA-US-006

Last update: 2012-07-10

Carolina Vegetation Survey
Scope: Southeastern states of the United States, with particular emphasis on North Carolina and South Carolina.
Status: completed and continuing

Period: 1976-2012

Database manager(s): Robert Peet (peet@unc.edu); Michael Lee (michael.lee@unc.edu)
Owner: University of North Carolina
Web address: http://cvs.bio.unc.edu
Availability: free upon request

Online upload: no

Database format(s): MS Access

Export format(s): [NA]

Online search: no

Publication: [NA]
Plot type(s): normal plots; nested plots; time series

Plot-size range: 0.01-1000 m²

Non-overlapping plots: 8,283

Estimate of existing plots: [NA]

Completeness: [NA]

Total plot observations: 180,732

Number of sources: 10

Valid taxa: 3,568

Countries: US: 100.0%
Forest: [NA] — Non-forest: [NA]
Guilds: all vascular plants: 100%
Environmental data: altitude: 67%; slope aspect: 69%; slope inclination: 71%; surface cover other than plants (open soil, litter, bare rock etc.):
43%; soil pH: 56%; other soil attributes: 56%
Performance measure(s): cover: 100%; measurements like diameter or height of trees: 64%
Geographic localisation: GPS coordinates (precision 25 m or less): 31%; point coordinates less precise than GPS, up to 1 km: 66%; small grid
(not coarser than 10 km): 1%; political units or only on a coarser scale (>10 km): 2%
Sampling periods: 1970-1979: 5.0%; 1980-1989: 6.0%; 1990-1999: 40.0%; 2000-2009: 45.0%; 2010-2019: 3.0%
Information as of 2012-07-21; further details and future updates available from http://www.givd.info/ID/NA-US-006

The CVS plot protocol
The original CVS protocol
Vegetation sampling strategy and field
methodology are influenced by vegetation
type, the purpose and scale of the study,
and the available financial resources. We
developed the CVS protocol to be sufficiently flexible that it would be broadly
applicable and still provide consistent and
compatible data across many studies (Peet
et al. 1998). We imposed several requirements when developing the protocol. The
protocol had to be applicable to most vegetation types and appropriate for diverse
applications in terms of sampling intensity and time commitment. The protocol
also needed to be scale transgressive and
not be tied to a single scale of observation, as we had shown that the correlations between vegetation and environment
vary dramatically with scale of observation (Reed et al. 1993). Finally the protocol had to be appropriate for long-term
studies, compatible with other methodologies, and easy to learn and use.
The CVS protocol evolved from the
plot methodology developed by Whittaker
for his field work in the Siskiyou Mountains (Whittaker 1960). The basic Whittaker plot is 20 m × 50 m (1000 m²) and
contains a set of 25 1-m² subplots. Two of
us had previously used variants of this
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method extensively (Peet 1981, Peet &
Christensen 1980, Wentworth 1981). The
subsequent development by Whittaker
(Whittaker et al. 1979, Shmida 1984) of a
plot method with multiple scales of observation also appealed to us and influenced our design.
The CVS protocol provides for flexibility in size and shape of the vegetation
plot, while retaining a requirement for
collection of specific core data that assure
comparability across all plots. The key to
this flexibility is a modular approach to
plot layout, wherein all measurements are
made in plots comprised of one or more
100 m² modules (100 m² or 1 “are” = 0.01
hectare). The module size and shape were
chosen to provide a convenient building
block for larger plots and because a body
of data already exists for plots of multiples of this size. In effect, the methodology defines most spatial heterogeneity in
vegetation at scales below 10 m × 10 m as
an expression of within-community pattern. Where vegetation patterns are long
and narrow, module shape may be modified, with a shape of 5 m × 20 m being
recommended if this will better represent
the vegetation than the standard
10 m × 10 m module.
Although a CVS plot may consist of
any number of modules, the standard
CVS plot contains 10 modules of
10 m × 10 m (each 100 m²) arranged as a

20 m × 50 m (1000 m²) plot (Fig. 3).
Within this plot 4 modules are defined as
intensive modules. Ten permanent stakes
are inserted, 6 along the 50 m center line
and 4 at the ends of two 20 m cross lines
located at 10 and 30 m on the center line.
In each intensive module two sets of nested quadrats are established for recording
species presence. These quadrats are 0.01,
0.1 1.0 and 10 m² in area, and are configured so as to be permanently locatable via
a corner stake. When only one intensive
module is recorded, there are typically
four sets of nested quadrats. Species presence is also recorded for the entire module and a cover value is recorded following the 1–10 CVS cover scale (<0.1%,
0.1–1, 1–2, 2–5, 5–10, 10–25, 25–50, 50–
75, 75–95, 95–100%). After the intensive
modules have been completed, the remaining 6 modules are surveyed for additional species, and then cover is estimated
for each species for the whole plot by vertical strata, again using the CVS cover
scale. Woody stems are recorded by species and diameter size classes for the individual intensive modules and also for
the remainder of the plot. Soils are usually
collected for the intensive modules and
analyzed for chemical and physical attributes.
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Fig. 1: Map of the 8,466 vegetation plots in the CVS database.

Fig. 2: The Carolina Vegetation Survey works late into the night processing plants collected while sampling vegetation plots.
CVS typically holds two week-long plot sampling events each year. Participants are, from the top center counter-clockwise M.F.
Boyle, M.P. Schafale, T.R. Wentworth, B.L. Wichmann, D. Welch, S.D. Seymour, M. Faestel, R.K. Peet, J. Brubaker, and J.M.
Gramling (Photo: D. Blevins).
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Level-3: Community occurrence plots.
Level-3 plots are used to document the
overall abundance and vertical distribution of leaf area cover of the more common species in a plot. Cover is estimated
for all plant species exceeding a specified
lower level (typically 5% cover, although
sometimes with a minimum number of
species). Species present but with cover
lower than the cut-off may be ignored,
thereby making these plots quick to record. The information collected meets the
Ecological Society of America guidelines
(Jennings et al. 2009) and the U.S. Federal Geographic Data Committee (FGDC)
standards (2008) for occurrence plots,
which are those used to classify vegetation to an association within the U.S. National Vegetation Classification Standard
(NVCS). The information can also be
used to assess vegetation successional
status as well as the presence and abundance of undesirable taxa such as invasive
exotics. Optionally, woody stem data required for Level-2 plots (tallies of planted
and/or natural woody stems) may be collected for Level-3 plots to allow more accurate assessment of the rate and direction
of vegetation development. Level-3 plots
are usually only 100 m² in size.

Fig. 3: Vegetation plot design of the Carolina Vegetation Survey (Peet et al. 1998).
(A) A standard 20 m × 50 m plot composed of 10 modules of 10 m x 10 m, with four
intensive modules, each containing two sets of nested subplots. (B) An intensive
module, 10 m × 10 m, with nested subplots sized 0.01, 0.1, 1 and 10 m².

Types of plots supported by the
CVS database system
The original CVS database system focused on plots adhering to the particular
methodology described above (see Peet et
al. 1998). Subsequently it became desirable to be able to store and manage vegetation plots with different attributes, such as
those used to document local restoration
efforts or less detailed inventory initiatives. CVS provides database support for
five types of plots that represent levels of
increasing detail, thereby making the CVS
database system relevant to a much larger
community of potential users. These are
arranged in five levels because of the
generally increasing complexity across
the series.
Level-1: Planted stem inventory plots.
Level-1 plots are applicable only for restoration areas wherein planted woody
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stems are monitored. The primary purpose
is to determine the success of planted material with respect to species, spacing,
density, and individual plant dimensions
(diameter and height), and to monitor the
survival and growth of those installed
plants. Level-1 plots are one module
(100 m²) in size, although there is no conceptual impediment to allowing larger
plots.
Level-2: Total woody stem inventory
plots.
Level-2 plots also are designed specifically for restoration areas and represent a
superset of information collected for Level-1 plots. In these single-module plots,
planted woody stems are recorded exactly
as for Level 1, but in addition all woody
stems resulting from natural regeneration
are recorded by size class. These plots
allow an accurate and rapid assessment of
the overall trajectory of woody-plant restoration and regeneration.

Level-4: Community classification
plots.
Level-4 plots include all components of
Level-3 plots, but in addition cover values
are determined not just for dominant species, but for all vascular plant species occurring on the plot. Additional environmental data are collected, and the plots
are often larger in overall area. As is the
case for Level-3 plots, it is optional
whether to tally woody stems. These plots
conform to the requirements for "classification plots" as defined by the NVCS
(FGDC 2008, Jennings et al. 2009), which
are plots of sufficient detail and quality to
be used in development and refinement of
types recognized within the NVCS. The
primary reasons for collecting Level-4
plots are to facilitate rigorous documentation of vegetation composition and to improve the classification system. An experienced field botanist is required to ensure
collection of a complete list of species
occurring in the plot. Level-4 plots are
100 m² to 1,000 m² in size, and may or
may not be divided into modules recorded
separately.
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Fig. 4: Data model of the CVS database key tables; the structure follows the VegBank data model. The plot table contains attributes that never change. There can be one to many observations of a plot, and there can be one to many observations of taxa
(taxonObservation) in a plot during an observation event, each associated with zero to many measures of taxon importance.
Importance values can also be associated with strata (or subplots). Each taxon occurrence can be interpreted as representing a
specific plant taxonomic concept zero to many times, one of which can be flagged as the current interpretation. Plant concepts
are colored differently to indicate that they function as subdatabase within the full database system.

Level-5: Community classification and
structure plots.
Level-5 plots conform to the standard
CVS protocol described in the previous
section and in Peet et al. (1998). These
require all the information collected for
Level-4 plots, plus additional information
on the spatial structure of the vegetation
within the plot, typically including nested
quadrates and multiple modules. Woody
stem data remain optional, but are strongly recommended. The primary purpose of
Level-5 plots is to facilitate rigorous research on and assessment of vegetation
composition and structure. Level-5 plots
are one or more modules in size, though
plots of 10 modules (1,000 m²) are encouraged.

Botanical nomenclature
Botanical nomenclature at present conforms to Weakley’s (2010) Flora of the
Southern and Mid-Atlantic States, but we
expect to update in the future to subsequent versions of Weakley’s flora. One
advantage of the Weakly flora is that it
contains explicit mapping of the taxonomic concepts (sensu Berendsohn 1995,
Franz et al. 2008) used by authors of over
1,000 taxonomic treatments, thereby facilitating incorporation of legacy data and
updating of nomenclature. Where conversion of previous nomenclature to Weakley
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(2010) has resulted in unresolvable ambiguities, or where low resolution taxa were
recognized, sets of taxa are presented in
square brackets. For example, a record of
occurrence of an undetermined Aster from
1990 would typically be recorded in the
database as [Ampelaster + Aster +
Doellingeria + Eurybia + Ionactis +
Oclemena
+
Sericocarpus
+
Symphyotrichum] as a consequence of the
recent division of Aster into multiple genera.

Database design and data
management
Data model
To capture the wide range of plot complexity represented by the different levels
of the CVS protocol and to ensure compatibility with emerging U.S. national
standards (FGDC 2008), CVS chose the
VegBank data model as the basis of its
design (Fig. 4; modified from VegBank
2006, Peet aet al. 2012). VegBank supports multiple cover methods and stratum
methods, which is necessary as the CVS
database includes data from multiple projects not compliant with the CVS protocol, and the stratum component of the
CVS protocol has evolved over the 25
years the protocol has been in use. Finally, the VegBank data model enables CVS

to mark plots as confidential and restrict
access to the precise geo-coordinates of
those plots.
Taxonomy for both communities and
species presents a challenge when integrating data collected at different times, in
different places, or by experts using different authoritative taxonomic treatments
(see Franz et al. 2008, Franz and Peet
2009, Jansen and Dengler 2009, Peet and
Lee et al. in press). In short, a name can
refer to multiple definitions of the underlying concept, and a plant or community
representing one underlying concept can
have multiple names that apply
(Berendsohn 1995, Franz et al. 2008).
This many-to-many relationship between
classification units and names makes accurate data integration impossible unless
the underlying concepts for the plant and
community taxa are also tracked. Use of
the VegBank data model allows CVS to
use the concept-based taxonomy features
present in the VegBank data model for
both plant and community taxa, and in
addition provides CVS the ability to support successive determinations of taxon
occurrences to particular concepts.
Although the VegBank data model met
most needs for CVS, some modifications
were necessary. This was primarily due to
either CVS data fields that are nonstandard relative to VegBank or the
somewhat different purpose of the CVS
database. The purpose of VegBank is to
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maintain an online repository, whereas the
goal of the CVS database includes ongoing management of data. Where nonstandard data fields are collected by CVS,
we simply added these fields to store the
data. Added fields include our raw measurements for McNab’s Terrain Shape Index (TSI) (1989) and Landform Index
(LFI) (1993), and the particular CVS
method of measuring groundcover. The
addition of a table was only necessary for
storing raw measurements of soil depths,
of which there are 4 to 16 for the standard
CVS plot, whereas VegBank only allows
one value for soil depth per plot.
The most significant change CVS made
to the VegBank data model was in the
way subplots are stored. VegBank specifies that each subplot be stored as a separate plot record to allow each subplot to
have any attributes stored with it that may
be stored with a full plot. For example,
the subplot in VegBank could have a different latitude and longitude than the full
plot. Such detailed information for subplots is not recorded for CVS plots. It
seemed unwise to populate separate records for each subplot as changes for a single plot such as a correction of latitude
and longitude would need to be propagated to each subplot. Moreover, updates to
plant taxonomy for a plot might need to
be applied multiple times, depending upon the presence of a species in the full
plot and in any number of subplots. Strata
in VegBank are modeled as a subset of
plot, delineated by vertical height or occasionally by life form (e.g., liana/vine). A
species present in a plot may have attributes attached to it that apply to the entire
scope of the plot and may also be recorded as present in zero, one, or multiple
strata. Subplots, or in the CVS vocabulary
“modules,” have the same properties as
strata in that we wish to record the presence of particular species in the modules
along with some importance measures,
such as cover. CVS simply uses the
VegBank stratum table to document both
strata and modules, with strata being differentiated vertically and modules horizontally. Updates to taxonomy are made
on a different table and, thus, CVS avoids
duplication and makes management of the
data simpler.

Data management in a system of
databases
Several key databases together comprise
the CVS database system. All are implemented in Microsoft Access and all are
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available from the senior author upon request. The CVS Central Archive Database, implemented following the data
model described above, contains the majority of the vegetation plots. The archive
database is optimized for efficient, normalized storage of vegetation plots. As
the archive database is not optimized for
data entry, searching, or viewing, CVS
created supporting database products for
those purposes.
A separate CVS Data Entry Tool is
needed for several reasons. Most critical,
however, is that data entry is a widely distributed task accomplished at various
places by various parties, not all of whom
can have access to the CVS central database. Moreover, persons engaged in data
entry often wish to have very close control over their data until it reaches a certain level of completeness and quality assurance. For these reasons one or more
separate copies of the CVS Data Entry
Tool can be used by anyone wishing to
enter data into the CVS data system. The
CVS Data Entry Tool is optimized to
make entry very efficient by mimicking
the standard CVS field datasheets. Entry
of scientific names is facilitated by pick
lists that enable selection of any scientific
name with 4 to 6 keystrokes. The tool also
includes functions for downloading data
from previously sampled plots from the
archive database, printing datasheets with
previous data as a template for monitoring, error-checking, and simple reporting.
Entry tool users may download a new
version of the species list from our website through the entry tool interface. We
do periodically upgrade the species list of
the database to the newest version of the
Weakley flora. This process is simplified
by our ability to use a digitally parsed
version of the flora and the presence of
taxon concept mapping information within the flora, a feature that makes it almost
unique among floristic treatments.
The Data Entry Tool is designed to facilitate quality control. The tool automatically checks for a range of logical errors
in the data. Optionally, double-entry of
species names may be performed using an
interface for this purpose. Comparison of
field datasheets with digitally entered data
may also be performed line-by-line. We
can even automatically embed errors to
estimate the accuracy of the data entry
and the quality assurance steps. Experienced local botanists scan the projects for
species names that seem out of place, and
unique or new taxa are double-checked.
Names of persons and places are checked

against established lists to minimize divergence in form or spelling. Once the
extensive quality control steps and errorchecking procedures have been completed
for an entry tool, its contents are migrated
to the archive database.
Some projects move through this process more slowly than others. Many users
want to have access to all of the data in
the central archive and to simultaneously
be able to view and search data in any of
the distributed entry tool databases. It
would not be efficient to migrate data
from the entry tools into the archive database before the people primarily responsible for the data have finished the entry
and quality control process, as the archive
is not optimized for the quantity of corrections that are likely to be necessary. To
solve this problem a third component database was created, the CVS Analysis
Database. The analysis database contains
a combined snapshot of all the databases
that contain plots in the CVS data system.
The data model for the analysis database
is far simpler than that of the central archive database or the data entry tool.
The analysis database is intended to provide a point of access that allows efficient
discovery and export of data for specific
analytic tasks that the investigator might
devise. It is optimized for searching and
analysis. An automated script is run to
create a new version of the analysis database whenever a significant amount of
data entry or updating has been completed, typically from once a week to once a
month, depending on how quickly the data are changing. Because we follow the
VegBank model, data are never deleted,
but only added. A new determination of a
taxon or community can be added and
marked as current, but the old determination will be retained. Older versions of the
database are archived and available if
needed.
The searching features and ability to
view information in the analysis database,
or the central archive or entry tool, is separately housed in the CVS Viewer Tool.
The viewer’s major functions include (1)
providing a detailed view of all data associated with a particular plot of interest, (2)
creation and execution of searches for
plots based on user-specified criteria, (3)
creation of a dataset of plots selected by
hand or through the results of various
searches, (4) export of vegetation plots of
interest in any of a number of formats,
and (5) automated creation of summary
constancy tables.
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Database content and availability

Applications of the Carolina
Vegetation Survey database

As of December 2011 the CVS database
contained records from 8,466 plots, most
of which are from the Carolinas (Table 1;
Figs. 1, 5, Plates A, B). Some 5,339 of
these plots conform to the CVS protocol
and have nested subsamples (i.e., conform
to level-5 standards). Of the remaining
plots, 1,161 were collected with a protocol developed for the U.S. National Park
Service that is similar and based on the
CVS level-4 protocol in that the CVS
cover scale is used and plots are usually
20 m × 50 m. A total of 680 vegetation
associations in the NVCS are represented
by plots in the CVS database. Of the
5,339 CVS plots, 49% are 1,000 m²
(n=2,618), 8% are >=500 and <1000 m²,
13% are >100 m² and <500 m², 26% are
100 m², and 2% are odd plots that cover
less area than 100 m².

Plot records in the CVS database have
been used, and are continuing to be used,
for many purposes by many investigators.
Below we detail some of the published
projects that have been based on these
data. Others are in progress, including a
detailed synthesis of the vegetation of the
Carolinas.

Table 1. The numbers of plots in the
CVS database by method and with respect to whether cover was recorded by
strata and whether tree stems were tallied by DBH.

Method

Plots

With
Strata

With
Stems

CVS Level 5
NPS protocol
Cover only
Other
TOTAL

5,339
1,161
1,133
833
8,466

3,378
1,130
0
193
4,701

4,357
0
137
131
4625

Summarized content of the CVS database by NVC association type--the lowest
scale within the NVCS classification hierarchy--can be viewed on the Carolina
Vegetation Survey website (http://cvs.
bio.unc.edu). Most raw data in database
format can be obtained by application to
the senior author of this paper. For a small
percentage of the data, access is partially
or completely restricted, owing to such
issues as occurrence of endangered species or requests from private land owners.
In a few cases government agencies have
shared data with us, but have requested
that they remain confidential. Our longterm plan is to place all public data in
both VegBank (http://vegbank.org) and
the digital repository of the University of
North Carolina Library (https://cdr.lib.
unc.edu/).
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Vegetation classification and description
The majority of the datasets in the CVS
database system were collected to contribute to our understanding of compositional variation in the vegetation of the
southeastern U.S. In most cases the expectation was that the plots would contribute to improving and expanding the
NVC, as well as our understanding of variation in vegetation across major environmental and geographic gradients. Because of the diversity of vegetation types
found in the Carolinas, and more broadly
in the Southeast, descriptive vegetation
work is best sorted by physiographic region. Below we recognize three regions:
the southern Appalachian Mountains, the
ancient rolling hills of the Piedmont to the
south and east, and the flat lands of the
Southeastern Coastal Plain.
Numerous studies have been conducted
that focus on the southern Appalachian
Mountain region. Newell prepared a series of descriptive treatments of three National Forest Wilderness Areas, which
were subsequently summarized in her dissertation (Newell 1997) and in a pair of
publications (Newell and Peet 1998,
Newell et al. 1999). One major finding
was that, contrary to the widely-known
results of Whittaker (1956), the singlemost important gradient for understanding
variation in southern Appalachian vegetation is soil chemistry, largely driven by
parent rock type. Ulrey (2002) built on
Newell’s work and prepared a regionwide summary of forest vegetation.
Montane riparian vegetation was a particular focus of Brown (2002, Brown and
Peet 2003) who examined compositional
variation and diversity. She found Appalachian riparian vegetation to be extremely species-rich owing to a combination of
high propagule pressure, stream deposition of
fertile soil, and chronic disturbance from
flooding events. At the other end of the
topographic spectrum, Wiser et al. (1996)
examined compositional variation in high-

elevation rock outcrop vegetation and
found substantial geographic divergence
among occurrences owing to limited dispersal capability and the somewhat stochastic survival of alpine species that had
been more widespread during the last full
glacial. A study with similar results but in
a very different setting was conducted by
Wichmann (2009) on isolated montane
wetlands, locally referred to as mountain
bogs. She, like Wiser, found substantial
variation attributable to isolation of these
patchy habitats, and stochastic survival of
disjunct occurrences of what are today
largely northern bog species. Long-term
dynamics have also been of interest. Reilly et al. (2006a, b) resampled a series of
Newell’s plots following wild fire, and
Gerschutz (2009) resampled a widely dispersed series of plots following mortality
of the dominant canopy of Tsuga following attack by the hemlock woolly adelgid
(Adelges tsugae).
Our initial work on Piedmont forests
was conducted by Peet and Christensen
(1980) in the Duke Forest (near the Duke
University campus) and was based on a
variant of the standard Whittaker plot
(1960). A subset of these plots were resampled in 2000–01 (Taverna et al. 2005)
and again in 2009–10 (Israel 2011) and
their work revealed significant changes
resulting from increased populations of
white-tailed deer (Odocoileus virginianus) and the arrival of exotic species. In
addition, there has been considerable
work on riparian systems to provide a
template for restoration activities. Matthews et al. (2011) systematically sampled
the riparian vegetation of all major drainage basins in the North Caro-lina Piedmont and used the data to provide a revised classification of these poorly understood systems. These data were also used
to develop a software tool to aid contractors in selection of material to plant during restoration efforts (Matthews 2011).
Seymour (2011) systematically sampled
the range of Piedmont isolated wetlands
including both seepage slopes and isolated depressions.
Research on the Coastal Plain region
based on CVS plots has been extensive.
Perhaps most comprehensive has been the
treatment of the fire-maintained longleaf
pine (Pinus palustris) woodlands and savannas, well known for their extraordinary small-scale species richness and associated frequency of local endemics
(Walker and Peet 1983, Sorrie and Weakley 2001, Peet, Palmquist and Tessel in
press). Plots have been accumulated
across the eastern two-thirds of the range
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of this vegetation type from Virginia
south to south-central Florida and west to
Alabama with the composition summarized in Peet (2006) and Carr et al. (2010).
Carr et al. (2009) quantified and compared different metrics of regional turnover and beta diversity across a broad
range of longleaf pine habitats. Almost as
heavily studied are the wetlands of the
Coastal Plain. Vegetation of riparian systems has been documented by Townsend
(2001) and Faestel (2012). Wentworth et
al. (1993) examined maritime forest vegetation, and Nifong (1998) examined the
great diversity of communities found in
isolated depression wetlands.

Broader applications in vegetation
science
The CVS database, in addition to being
applied to advance description of composition and geographic pattern of regional
vegetation, has been used extensively for
work on a number of broader conceptual
issues. Of particular interest have been
questions related to patterns in species
diversity. Peet et al. (2003) used data
from throughout the Blue Ridge Mountain
region to test Pärtel’s (2002) thesis that
variation in species pool size along a pH
gradient should reflect variation in the
extent of area with soils of various pH
levels. They failed to find support for
Pärtel’s hypothesis, and instead showed
that the species pool was largest for the
rather restricted high-pH sites. Subsequently, both Wheeler (2011) and Peet,
Palmquist and Tessel (in press) have examined more broadly species richness
patterns in the full CVS dataset. They describe very different patterns and processes operating at different scales and in different geographic regions. Wheeler found
that richness can be related to soil fertility
in a predictive way if latitude, the cover
of herbaceous species and the filtering
effect of woody shrubs are incorporated.
At a broader scale, Costanza et al. (2011)
related landscape heterogeneity as derived
from satellite images with the diversity of
CVS plots. Both Gramling (2006) and
Wheeler (2011) incorporated estimates of
species pool size into their analyses of
species richness of CVS plots and found
species pool to be an important predictor
of local richness.
The availability of data from multiple
spatial scales allows novel uses of the
CVS plots. Fridley et al. (2005) were able
to use these data to produce the most
comprehensive evaluation of species-area
curves to date and found that, contrary to
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prevailing theory, the Arrhenius (power
law) model gave consistently a better fit
than the Gleason (exponential) model. In
another study Fridley et al. (2006) used
CVS and other data to show that if one
corrects for the space limitation to the
number of individuals that fit in a small
plot by using time-series data, then the
species-area relationship is much more
consistent in shape with that found at
larger scales.
Numerous other studies have employed
the CVS database. Several investigators
(Fridley et al. 2007, McChesney 2009,
Manthey et al. 2011) have used the database to develop a new approach to quantification of species generalism versus specialization and then have used the approach to compare across species, habitats
and geographic regions. Reilly (2010)
used the database to develop a new quantitative framework for comparing different forms of species rarity. Ott (2010)
compared the degree of divergence in
composition of various types of vegetation characterized by isolated occurrences
to see if composition was more consistent
when corrections were made for species
phylogenetic relatedness.

Future directions
The CVS database offers many exciting
opportunities for future research. The importance of spatial scale is certain to be a
major focus as the CVS database is currently the largest database available that
includes multiple observations across a
consistent and broad range of spatial
scales (each plot spanning at least 4 orders of magnitude of area with at least 5
scales of observation). The careful documentation of plot locations and their longterm field marking allows exact relocation
of the plots and all subplots, a benefit being used in a number of on-going studies
of vegetation change (e.g. Palmquist et al.
2010). Assessment of long-term change
may ultimately prove to be the greatest
value of the dataset when many decades
from now investigators wish documentation of past community composition. Finally, the dataset is being used to develop
a regional synthesis and to provide summary information on all significant vegetation types found in and near the Carolinas.
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