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Abstract: Rapid progress is being made in North American vegetation science through recent developments within the U.S. National
Vegetation Classification (USNVC). Central to these advances are sharing, archiving, and disseminating field plot data, the fundamen-
tal data required for describing and understanding vegetation communities. VegBank (GIVD ID NA-US-002) is the vegetation plot
database of the Panel on Vegetation Classification of the Ecological Society of America. VegBank is a stand-alone, Internet-
accessible, vegetation plot archive designed to allow users to easily submit, search, view, annotate, cite, and download diverse types of
vegetation data. The archive also includes embedded databases that contain classifications of vegetation and individual organisms, de-
signed and implemented to track the many-to-many relationship betweens names and plant or community concepts, as well as alterna-
tive party perspectives on accepted taxa. The VegBank data model is also implemented in VegBranch, a desktop tool for data man-

agement and for uploading to and downloading from VegBank.
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Introduction

In the U.S. the description and classifica-
tion of vegetation types has been unified
under the U.S. National Vegetation Clas-
sification (USNVC; see USFGDC 2008,
Jennings et al. 2009). The USNVC has
been developed and is implemented as a
joint effort among professional societies
(the Ecological Society of America), non-
governmental  organizations  (Nature-
Serve), and governmental agencies, under
the auspices of the Federal Geographic
Data Committee (USFGDC) Vegetation
Subcommitee (chaired by the U.S. Forest
Service). The USNVC is dedicated to the
quantitative description of vegetation
types and their classification within a con-
tinuously evolving hierarchical classifica-
tion system. The USNVC is predicated on
open access and open input of field data,
new or revised type descriptions, peer re-
view, and permanent archiving and dis-
semination of information. The USNVC
operates on the fundamental components
of species taxonomy, growth forms, field
plot data, and vegetation type descrip-

tions. Information from these components
flows along a prescribed pathway from
raw data to the formal description and
classification of vegetation types.
Although the absence of a unified clas-
sification to support vegetation science in
the U.S. has recently been overcome by
development of the USNVC, significant
advances in describing U.S., and more
broadly North American, vegetation have
been limited by the number of observa-
tions needed to span the geographical and
ecological diversity of the continent. Our
response to this limitation has been estab-
lishment of VVegBank, an open-access ar-
chive of field plot data developed and op-
erated by the Ecological Society of Amer-
ica’s Panel on Vegetation Classification.
VegBank was developed as a public
vegetation plot repository. Such an ar-
chive is absolutely necessary for storage
and preservation of valuable vegetation
information, but its value would be se-
verely limited without an easy access
point for interested parties to view and
download vegetation plots of interest.
Furthermore, a publicly accessible archive

is needed to provide documentation for
vegetation descriptions in the literature, to
support the evolving USNVC, and for
replication and testing of newly proposed

types.

Database construction

Most data archives dedicated to collecting
and maintaining vegetation plot informa-
tion have the luxury of specifying and
limiting what sorts of data are considered
for inclusion. VegBank, being a public
archive, has minimal requirements for
inclusion of plots, and thus must house
many kinds of plot data. Plots may be
from any time period, from any location
(so long as the location is known), use
almost any methodology, list plant taxa
according to any robust taxonomic stan-
dard, and include or exclude a myriad of
environmental variables. To build a data-
base that would support such a vast range
of data types, we held many meetings
with plant ecologists from around the
world to see how they structured and
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thought about their data, and then de-
signed a data structure that would meet all
these needs. A series of design meetings
resulted in a general, broadly applicable
data model for plot records; core elements
are shown in Figure 1 and described be-

low. Commonly used standards for repre-
senting data were adopted from partner
groups. Unique accession codes across
every major unit of data allow easy com-
munication between VegBank and part-
ners, including our client database, Veg-

Branch. In the end, this resulted in a fairly
complex schema with 55 data tables that
incorporate most approaches to recording
vegetation plot data. VegBank design
work began in 1999 and an operational
web version was released in 2004.

GIVD Database ID: NA-US-002
VegBank

Vegetation Classification.
Status: completed and continuing

Owner: Ecological Society of America (ESA)
Web address: http://vegbank.org
Availability: free online

Database format(s): PostgreSQL
Publication: [NA]

Non-overlapping plots: 22,629

Total plot observations: 22,629
Countries: CA: 2.0%; US: 98.0%
Forest: [NA] — Non-forest: [NA]
Guilds: all vascular plants: 100%

24%; soil pH: 5%; other soil attributes: 22%

Plot type(s): normal plots; nested plots; time series

Scope: Vegetation plots from anywhere in the world can be uploaded and searched, but the primary emphasis is on support of the US National

Period: 1971-2007

Database manager(s): Robert Peet (peet@unc.edu); Michael Lee (michael.lee@unc.edu)

Online upload: yes

Export format(s): MS Access, CSV file, XML

Estimate of existing plots: [NA]
Number of sources: 58

Environmental data: altitude: 94%; slope aspect: 84%; slope inclination: 87%; surface cover other than plants (open solil, litter, bare rock etc.):

Performance measure(s): presence/absence only: 0%; cover: 100%; measurements like diameter or height of trees: 9%

Geographic localisation: GPS coordinates (precision 25 m or less): 3%,; point coordinates less precise than GPS, up to 1 km: 8%; small grid (not
coarser than 10 km): 1%,; political units or only on a coarser scale (>10 km): 99%

Sampling periods: 1970-1979: 4.0%; 1980-1989: 25.0%; 1990-1999: 48.0%; 2000-2009: 20.0%
Information as of 2012-07-19; further details and future updates available from http://www.givd.info/ID/NA-US-002

Plot-size range: 12-1000 m?
Completeness: [NA]
Valid taxa: 8,312

Last update: 2012-07-10

Online search: yes

Data standards

Of paramount importance to an open da-
tabase such as VegBank, where a large
community of users are continuously ar-
chiving, querying, and retrieving informa-
tion, is establishment of (a) standard at-
tributes for plot records entities, (b) a
standard descriptive vocabulary, (c) stan-
dard metadata, and (d) a standard data
exchange schema. There are two basic
types of field plot records in VegBank:
classification plots and occurrence plots.
Classification plots provide the data re-
quired for quantitative definition of vege-
tation types. Occurrence plots document a
less rigorous observation of a plant as-
semblage at a known location, but are suf-
ficient to document the occurrence of a
particular association or alliance at a loca-
tion. For each plot record, required fields
are those minimally needed to serve as
either classification or occurrence plots.
Optimal fields are identified as fields that,
while not required, reflect the best prac-
tices when recording plot data (see
Jennings et al. 2009, Appendix B, for re-
quired and optimal fields for classification
and occurrence plot records
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[http://esapubs.org/archive/mono/M079/
006/appendix-B.htm]).

Standard information for recording plot
data includes the identifier code assigned
to the record by the plot’s author, the
method used for placement of the plot, the
observation start and stop dates. One of
the two major hurdles in developing the
quantity of field plot records needed is
populating the database with existing field
observations, or legacy data. Another
hurdle is regularizing electronic recording
of new field plot observations among field
workers to be consistent with the USNVC
standards (Jennings et al. 2007). Because
of the variable nature of legacy plot data,
the accuracy of the observation dates is an
included data field. This field indicates
whether, for example, the date of observa-
tion is accurate within a week, month, or
year, allowing future users to screen po-
tential plot records accordingly. This indi-
cation of precision may be critical for ap-
plication of the data to phenology, or for
resampling vegetation to assess change.
Data standards that apply to plant taxa
observed in the plot include at least one
record per taxon, and include multiple
records when taxa are observed in multi-

ple strata. For classification plots a com-
prehensive list of taxa is required. For
occurrence plots, only names of the
dominant taxa are required. (Occurrence
plots, because they do not contain full
floristic composition, are not included in
the summary statistics in this paper or in
the summary information in GIVD.) The
taxon reference authority (secundum in
the sense of Berendsohn 1995; also see
Berendsohn et al. 2003, Franz et al. 2008,
Jansen & Dengler 2010) is required for all
taxa. Possible abundance values per taxon
include the percent of aerial cover per
taxon per stratum as well as the overall
cover of the taxon across all strata. Taxon
inference area is required; this is the area
in square meters used to estimate the
cover of a given taxon. Taxon inference
area is usually equal to taxon observation
area, but may be larger or smaller for a
specific taxon to accommodate special
circumstances such as the use of subplots.
The taxon basal area may be included as
an option. This is the total basal area of
woody stems in m2/ ha for a given taxon,
usually for those with a tree growth form.
A taxon stem count may also be provided.
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Information about the plot’s location
include latitude and longitude of the plot’s
center point using the World Geodetic
System 1984 datum (WGS84) in decimal
degrees, and description of any adjust-
ments. If the type of coordinates origi-
nally recorded for the plot location is dif-
ferent from WGS84 in decimal degrees,
these coordinates should be provided
along with the datum or alternative geo-
graphic projection with units. An esti-
mated accuracy of the location of the plot
should also be provided as a plot origin
having a 95% or greater probability of
being within a given number of meters of
the reported location. The total area of the
plot in square meters is required for clas-
sification plots. If subplots are used, the
total area value should include the sub-
plots as well as the interstitial space be-
tween subplots. A data field for the esti-
mated size of the overall stand of vegeta-
tion in which the plot occurs should be
recorded. Other location-related informa-
tion that should be recorded include the
country, state/province or other subna-
tional jurisdiction, and the county, town-
ship, parish, or similar local jurisdiction.

The VegBank plot data model

The most fundamental unit in VegBank is
the plot module, which contains data di-
rectly related to the wvegetation plot
(Fig. 1). The core tables and their key
elements are as follows.

1. VegBank takes the vegetation-plot
concept and splits it into two parts: the
plot and the observation (of the plot). A
plot, from the VegBank perspective, is a
static area, with variables that do not

plot

change, such as geo-location, elevation,
slope, aspect, and area. An observation is
made at a plot and may be repeated at an-
other time in the future. Attributes in-
cluded in observation are those that may
change over time, such as date sampled,
relative groundcover, methodology, and
dynamic environmental variables such as
soil attributes and hydrology. The plot-to-
observation database relationship is one-
to-many, though in practice there is often
only one observation per plot.

2. The taxon observation is the re-
cording of the presence of at least one
individual described as a particular taxon
in a particular observation of a plot. Each
time such a taxon observation is made, the
name applied to the taxon is recorded, as
well as the reference that was used to de-
termine and/or define what was meant by
the taxon. This is the basis for the con-
cept-based taxonomy (discussed below)
that allows VegBank to distinguish re-
cords from different time periods, regions,
or taxonomic references that may use the
same name in different manners. Observa-
tion to taxon observation is a one-to-many
relationship, with one record in taxon ob-
servation for each taxon recorded in an
observation.

3. Attributes applying to a taxon obser-
vation, such as percent cover, biomass,
basal area, as well as individual stems
sizes, are included or linked into the taxon
importance table, which points to the cor-
rect taxon observation record. There may
be multiple taxon importance records re-
flecting importance values of a single
taxon in different vertical strata. Taxon
observation to taxon importance is a one-
to-many relationship, with zero, one, or

multiple importance values stored for a
taxon observation.

4. VegBank lists each taxon once per

plot, but because VegBank has a separate
taxon interpretation table linked to the
taxon observation table, multiple and sub-
sequent taxon interpretations may be
made by users of VegBank, including the
original plot author, to update taxonomy,
resolve ambiguity, or correct errors. The
original notation plus all subsequent taxon
interpretations are retained so that it is
possible to see varying opinions about a
taxon observation over time by different
parties. Taxon observation to taxon inter-
pretation is a one-to-many relationship.
5. An observation may be mapped onto
community types through community in-
terpretations. Because a party may clas-
sify a plot to more than one community
type simultaneously as part of the same
classification effort due to lack of clarity,
there is a container element called com-
munity classification that contains meta-
data about the classification method.

There are several other key portions of
the VegBank data model, such as the ref-
erence and party modules. These were
modeled after the Ecological Metadata
Language (EML,; http://ecoinformatics.
org/software/eml/)  specification.  For
soils, we reserved space for standard at-
tributes (e.g., pH, clay, silt, sand), but ow-
ing to differences in lab techniques caus-
ing ambiguity in meaning of an attribute,
we left most soil attributes to the user-
defined section of our data model. Cover
methods, stratum methods, revisions,
user-defined variables, and projects are
handled in a fairly generic manner. De-
tails about these can be found on the
VegBank website (http://vegbank.org).

geocoordinates
static environment

<]
date ) taxon name ~ cover %, biomass
dynamic- taxon reference basal area
environment

commConcept

comminterpretation

A\

commConcept_ID

|7 A
t Int tati
o axonlInterpretation S
- plantConcept_ID [~
date date

Fig. 1: The core VegBank data model.
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Names

Carya ovata

Carya carolinae-septentrionalis
Carya ovata var. ovata

Carya ovata var. australis

Concepts (Name + Reference)

References
Gleason 1952.
Radford et al. 1968.
Stone 1997.

(All shagbark hickories)
C. ovata sec. Gleason 1952
C. ovata sec. Stone 1997

(Southern shagbark hickory)
C. carolinae-septentrionalis sec. Radford et al. 1968
C. ovata var. australis sec. Stone 1997

(Northern shagbark hickory)
C. ovata sec. Radford et al. 1968
C. ovata var. ovata sec. Stone 1997

Fig. 2: Taxon concepts for shagbark hickory. Four names are used in three references to indicate six taxonomic concepts which
can be grouped to correspond to three meanings and either one or two sets of specimens.

The VegBank taxonomy data
model

Classifications of organisms and commu-
nities provide a complex set of problems
that must be addressed in any information
system containing references to biological
taxa or ecological communities. The core
problem is that taxonomic standards vary
with time, place, and investigator. Au-
thoritative lists (e.g., Kartesz 1999,
USDA  PLANTS  (http://plants.usda.
gov), ITIS (http://www.itis.gov), Nature-
Serve Explorer (http://www.natureserve.
org/explorer/)) have been the traditional
solution, but this approach fails to allow
effective dataset integration for several
reasons. (1) Online lists are periodically
updated but usually are not simultane-
ously archived or archives of previous
versions are not made available, with the
consequence that the user cannot recon-
struct the database as it was at some past
time. (2) Ambiguity arises from the fact
that a single name can be used for multi-
ple taxonomic concepts and a single con-
cept can be labeled with multiple names.
(3) Different parties have different per-
spectives on acceptable names and their
underlying concepts. The largest technical
problem for VegBank to overcome was
tracking plant and community names as
they are treated in different manners
across the different time periods and dif-
ferent regions, and by different people
and organizations using different taxo-
nomic standards.

A simple example that illustrates the
taxon problem is provided by trees in the
genus Carya referred to as shagbark hick-
ory (Fig. 2). There are two different ap-
proaches taken in working with this par-
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ticular group. One approach treats the
group as a single taxonomic unit across its
range, while a second recognizes one
widespread taxon and another found ex-
clusively in the south. The name Carya
ovata as used in Gleason (1952) repre-
sents the first approach. The second ap-
proach, employed by Radford, Ahles, and
Bell (1968) among others, recognizes
Carya ovata as the widespread taxon and
Carya carolinae-septentrionalis as the
exclusively southern taxon. A third ap-
proach, advocated by Stone (1997), rec-
ognizes Carya ovata as a single species ,
with two varieties, Carya ovata var. ovata
as the widespread taxon and Carya ovata
var. australis as the southern taxon, which
are identical in circumscription to the two
Radford et al. species. If the name “Carya
ovata” is encountered without qualifica-
tion, it is not possible to know which of
two possible concepts is intended: the lar-
ger one-taxon concept, or only the wide-
spread taxon. Of course, there are exam-
ples that are much more complex and
pose more intractable problems. Franz et
al. (2008) present the details of Andropo-
gon virginicus as recognized in Radford et
al. (1968), but which when examined
across a set of 8 treatments spanning 115
years shows that there are in fact 9 groups
of specimens that have been assigned to
17 taxonomic concepts (composed of one
or more of the 9 groups of specimens) and
27 scientific names. A similar solution is
needed for vegetation classification,
where the same name and authority may
have different meanings, depending on
the publication.

The solution to the ambiguity arising
from the use of species or community
type names alone is to use concept-based

taxonomy, which combines a name with a
reference that defines how the name is
being used. The VegBank taxonomic data
model adopts the idea of a concept by
combining a name with a reference. In
literature such concepts are typically iden-
tified with the format of name plus
‘secundum’ (or sec.) plus author plus date
(e.g., Carya ovata sec. Gleason 1952) as
proposed by Berendsohn (1995).

The VegBank data model is nearly
identical for plant concepts and commu-
nity concepts, though each set is imple-
mented in its own set of tables. In each
the Concept is the primary entity for la-
beling a community or an organism. This
is the intersection of a Name and a Refer-
ence wherein the particular application of
the name was defined. An Interpretation
occurs when an organism or plot observa-
tion is labeled with a concept. As there
can be many concepts that are near syno-
nyms assigned during different determina-
tion events, one concept needs to be cho-
sen as having a Status of standard for each
taxonObservation. Although a name is a
critical component of the definition of a
concept, that name is not necessarily the
name that some other party would choose
to apply to the concept. A Usage is a
party-specific application of a name to a
concept, which allows names to change
without changing the concepts. The model
for community type determinations differs
from that used for determinations of taxon
observations in that multiple community
concepts can be applied simultaneously in
a classification event, each with a speci-
fied fit, thus better accommodating the
continuous and somewhat stochastic
variation of vegetation. The levels of fit
conform to the standard 1 to 5 scale fuzzy
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Fig. 3: The VegBank data system. The VegBank data archive can download data to
the desktop VegBranch tool, which can in turn be used for local data management

and to upload data to the VegBank archive

logic categories devised by Gopal and
Woodcock (1994) of absolutely wrong,
understandable but wrong, reasonable or
acceptable, good, and absolutely correct.

The model we developed is similar to
that proposed by the International Organi-
zation for Plant Information (IOPI; Ber-
endsohn 1995, 1997, Berendsohn et al.
2003), although our model incorporates a
number of advances over the IOPI model.
For example, because the 10PI model is
organized around fixed publication
events, it does not efficiently map con-
tinuously changing party perspectives,
making it difficult to provide software-
generated, time-specific party views. The
VegBank taxon concept model inspired
creation of the TDWG Taxonomic Con-
cept Schema (TCS; http://www.tdwg.
org/standards/117/).

VegBank implementation
VegBank: a working archive

The VegBank database is deployed using
PostgreSQL open-source relational data-
base software. Standard international en-
coding UNICODE is used and data ex-
change is handled via the platform- and
software-independent XML standard. We
developed an automatically updatable
XML schema (http://vegbank.org/xml)
that can represent data in every part of the
VegBank back-end database. Data model
changes are automatically incorporated
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into the XML schema, as both are derived
from the same source document that de-
fines the model. Combined with accession
codes, this enables easy and efficient
communication of data between VegBank
and the desktop client VegBranch (see
below).

VegBank's underlying system is com-
plemented by an intuitive user interface
featuring the standard modern website
components. User feedback has proven
the design to be both pleasant and easy to
use. Navigation is streamlined to allow
one click access to every important page,
and querying is built into every page. The
logo and style create a look and feel that
identifies VegBank. Presentation of all
VegBank data is achieved through an
interlinked system of JavaServer Pages
(JSP). By applying a standardized devel-
opment methodology, creation and main-
tenance of these views is greatly simpli-
fied. This approach ensures continuity of
display as users navigate VegBank's data
model. Certain views are also customiza-
ble so that users can select which attrib-
utes they prefer to see on the current page
as well as pages they subsequently view.

Users can find data in several ways.
Browsing pages allows users to simply
walk through the data, which is essential
for visually-oriented users who want to
see the data to understand them. For
searches, several levels of complexity are
presented to allow both simple forms and
complex criteria to pinpoint plots of inter-
est. Once plots have been found, users

may add plots to a "datacart,” a personal
collection of plots or other elements of
interest. Datacart contents can be
downloaded in a variety of formats. The
default is a generic spreadsheet file,
which is the fastest download; thousands
of plots can be downloaded in a matter of
seconds. Platform independent, full data
model XML products can be downloaded,
as can a file optimized for insertion into
VegBranch. Users can also submit addi-
tional interpretations of plants found on
plots and new interpretations of plot
membership in communities. New plot
data can be added from VegBranch or any
other system capable of producing Veg-
Bank XML.

VegBank data are available for integra-
tion and viewing from other systems
through REST-based web services, a
standard URL request format. For exam-
ple, NatureServe Explorer uses VegBank
services to link to VegBank for all plots
that belong in a specific community type.
Citation of information in VegBank is
easy because any VegBank entity that has
an accession code can be viewed by a
simple URL.

The VegBank data model and the em-
bedded XML schema provided the initial
model for a new international standard for
exchange of vegetation plot data known
as VegX (Wiser et al. 2011). We are look-
ing forward to a revision of VegBank
wherein VegBank XML is compliant with
and an extension of VegX.

All components of the VVegBank cyber-
infrastructure are in the public domain
and available for application and revision
by any and all users. To obtain any part of
the code base, simply  visit
https://code.ecoinformatics.org/code/
vegbank/.

VegBranch: a tool for local man-
agement, preparation, and sub-
mission of plot data

To complement VegBank we designed
and built a desktop client tool (Veg-
Branch; Figure 3). Although the VVegBank
system is built almost exclusively around
open-source software, VegBranch was
built in MS Access to allow ease of user
implementation and to allow average us-
ers to potentially “get-under-the-hood.”
VegBranch consists of a VegBank mod-
ule that is an architectural mirror of the
VegBank archive, and a VVegBranch front-
end that allows direct data import into a
simplified table structure that is migrated
to the VegBank module and subsequently
exported to the online VegBank archive.
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VegBranch allows direct data entry of
simple-format data similar to that found in
the NPS PLOTS database system
(http://biology.usgs.gov/npsveg/tools/plot
sdatabase.html) or the TURBOVEG data-
base system (Hennekens and Schaminée
2001). Direct import from the NPS
PLOTS database format is an available
option. VegBranch is a powerful tool for
migrating into VegBank diverse and
complex legacy datasets. It prompts the
user for missing metadata, and facilitates
matching the user's data (e.g. plants and
communities) to data already extant in
VegBank. Error checking is quite thor-
ough to prevent erroneous or partial data-
sets from being uploaded. VegBranch can
also serve as a local database system for
management of plot data. Plot data can be
downloaded directly from VegBank to
VegBranch and integrated with the local
plot database to facilitate analyses.

Intellectual property

The most difficult non-technical challenge
VegBank has to accommodate is protec-
tion of intellectual property. This is an
issue in two ways. First, people naturally
want to protect their data from being used
before they are able to synthesize them
and finish their initial publications. Sec-
ondly, plot records may contain sensitive
location or endangered species informa-
tion. Submitters of data wisely wish to
protect the people, property, and plants
from exposure that may cause harm.

VegBank addresses the first problem,
that of restricting access to plots, with an
embargo scheme that makes plots private
until the person that submitted the plots
lifts the embargo. This allows data to be
deposited in VegBank while the data
process is active and to leave a period of
some months before the data are made
public. The embargoed plots cannot be
viewed in or downloaded from the system
and are thus protected from early expo-
sure to the public.

The second problem of protecting the
exact location of endangered species has a
number of possible solutions. A common
solution employed in other database sys-
tems is simply to omit the endangered
species from the list of taxa observed.
This is an inadequate solution, because it
fundamentally changes the composition of
the plot, and the fact that the data are in-
complete is either not known to the data
user, or if it is made known, the identity
of the rare species may be guessed based
on habitat and the relatively small list of
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rare species that might need such protec-
tion. For these reasons, VegBank reduces
the precision of the geo-coordinates of
plots where the submitter needs to protect
a species or landowner. The reduction in
precision is elected by the plot submitter
and may be to the nearest 0.01 degrees

latitude and longitude (approximately
1km), 0.1 degrees (approximately
10km), or 1 degree (approximately

100 km). The location information may
also be completely blocked, so that no
geo-coordinates are reported, nor are any
country, state, province, county locations
given. Data such as directions to the plot
are also blocked. This allows the plot
composition to be reported unchanged
(while keeping the plots broadly valid for
analyses and vegetation type definition),
but reduces the possibility of poaching
endangered species. For users who require
exact plot locations, other plots may serve
their purposes, but for many applications,
approximate location is suitable.

VegBank website

The VegBank website (http://vegbank.
org) is free for use by the public. No reg-
istration is required, and anyone with an
internet connection can browse or search
through plots, plant concepts, community
concepts, and any other public data in our
system. Our searching mechanism relies
on a compiled cache of keywords for the
various types of data in our system, mak-
ing it extremely powerful. VegBank does
not require that you search for full words,
so you can easily search for partial
matches. The searching mechanism is
both fast and accurate, and more than a
few users have reported using VegBank to
search through plants and communities, as
the VegBank search is more accurate and
efficient than the search functions on the
original data source websites.

Once a user has discovered data of in-
terest, particularly plots, these may be
added to the user’s datacart as described
above. After compiling as large a list as
the user would like, the data can be sum-
marized into a constancy table, mapped
using Google’s mapping tools embedded
into the VegBank website, and
downloaded in several formats. Users that
wish to save or build datasets over a
longer period of time may register with
the website and save multiple datasets
according to their interests. Once a user
has identified a plot or set of plots, it may
be cited by using a unique accession code
generated by VegBank. This provides a

direct link to the full details of the plot or

plots (see Plate A, B, and A). The follow-

ing are examples of citations for a plot,

plant concept, and community concept

respectively:

e http://vegbank.org/cite/VB.0b.3736.G
RSM125

o http://vegbank.org/cite/VB.PC.54588.S
POROBOLUSAIROI

o http://vegbank.org/cite/VB.CC.5728.C
EGL003906

Contributing data and opinions

Many users of VegBank have an interest
not only in viewing plots, but also sharing
their knowledge and perspective with
other users of VegBank. These users may
register and then request certification.
This involves simply submission of a 1-
page form describing the potential user’s
experience and expertise, which is then
evaluated by a subcommittee of the ESA
Panel on Vegetation Classification. Once
certified, a user may annotate plots to cor-
rect, improve, or offer alternate opinions
as to the correct placement of a plot in the
community concept hierarchy, or correct
concept to link to a taxon observation.

Certified users may also upload plots to
VegBank. To upload plots or any other
data to VVegBank, users must create Veg-
Bank XML documents formatted accord-
ing to our XML schema
(http://vegbank.org/xml). As our data
model is complex, and this schema allows
for complete population of our data
model, the XML schema is quite com-
plex.

To assist users wishing to add their
plots, we provide the previously described
VegBranch tool, which walks the user
through importing or entering plots,
matching plant concepts to VegBank con-
cepts, error-checking, and migration of
data into a well-formatted VegBank XML
document.

Users are strongly encouraged to enter
their plots into VegBank, as this provides
a permanent, accessible location for these
data where they may then be viewed, re-
analyzed, and appreciated by others. In
this way the data provider can offload to
VegBank time-consuming requests for
data, and the burden of digital backups,
not to mention the web security and setup
that would be required for someone to
host their own data. Journals may also be
relieved of publishing the fine details of
plots, as authors may simply cite the
VegBank accession codes.
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Plate: Vegetation types
featured by the vegetation-plot
database GIVD NA-US-002.

A Krummbholz vegetation
dominated by Abies lasiocarpa
(sec. USDA PLANTS) at 3,500m
in Rocky Mountain National
Park, Colorado. VegBank plot
27228 (URL: http://vegbank.
org/cite/VB.ob.27228.PEETRO
CKIES61) (Photo: R.K. Peet).

B Coastal marsh dominated
by Juncus roemerianus and
Sabal palmetto, Turtle Island,
South Carolina. VegBank plot
26150 (URL: http://vegbank.
org/cite/VB.0Ob.26150.04404060
4) (Photo: R.K. Peet).

C Fire-maintained pine
savanna dominated by Pinus
palustris, and with Ctenium
aromaticum in the foreground,
in the Frances Marion National
Forest, South Carolina.
VegBank Plot 26057 (URL:
http:/lvegbank.org/cite/VB.Ob.2
6056.027040459) (Photo: R.K.
Peet).
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Current VegBank data

At present there are already in VegBank
more than 20,000 vegetation plots with
the detail required to be used as classifica-
tion plots in the sense of Jennings et al.
2008, plus more than 50,000 less detailed
plots that mostly qualify as occurrence
plots. These various plots contain ap-
proximately 8,000 species from projects
around the United States and Canada. The
primary data sources were USGS Gap
Analysis Program plots, plot databases
from the US National Park Service, plots
from state natural heritage programs, and
plots from the Carolina Vegetation Sur-
vey (Peet et al. 2012). Though VegBank’s
current set of plots are all from North
America, plots from outside North Amer-
ica may be submitted by users. The diver-
sity of vegetation types and plot locations
represented in VegBank is illustrated in
Plate A, B and C). There are currently
90,000 plant concepts, following United
States Department of Agriculture (USDA)
PLANTS database (2002 version; see
http://plants.usda.gov) when possible, and
15,000 community concepts, following
the USNVC when possible. Although
confidentiality may be applied to a plot
location or to block the plot from view
until the author has published the initial
results, the great majority of VegBank
plots have no confidentiality restrictions.
Additional information is available in the
VegBank entry in GIVD (NA-US-002;
see Dengler et al. 2011).

Vision for the future

In 2008 the U.S. Federal Geographic Data
Committee (USFGDC) Vegetation Sub-
committee adopted a new U.S. standard
for the National Vegetation Classification
(USNVC) system. Among other require-
ments, the USFGDC specifies that vegeta-
tion types in the USNVC have to be based
on vegetation plot records available in a
publicly accessible archive. While not
specifically required, VegBank was the
model for the proposed cyberinfrastruc-
ture and remains the only system that
provides all of the mandated functionality.
We anticipate that VegBank, or data sys-
tems based on its design, will become
central to vegetation classification activi-
ties in the U.S. and elsewhere. Our goal is
to encourage state, federal, academic and
private programs that collect vegetation
plot data to collaborate on data standards
and move toward ready exchange of plot
data. As a consequence, we anticipate that
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the availability of vegetation plots to sup-
port other forms of vegetation research
will grow significantly and provide the
basis for new and important directions of
research.
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