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Summary

Accurate and up-to-date vegetation maps are recognized by the National Park Service (NPS)
Inventory and Monitoring Program as one of twelve basic data sets for every national park with
significant natural resources. The National Park Service (NPS) and the U.S. Geological Survey
(USGS) have put forth standards and protocols for classification and mapping of vegetation
communities on NPS lands. The USGS-NPS Vegetation Mapping Program recognizes the
United States National Vegetation Classification (USNVC) as the standard vegetation
classification to be used in these mapping projects.

Vegetation data collected from seven national parks in Virginia were combined with over 2,000
existing plot samples from throughout the Mid-Atlantic Piedmont and Coastal Plain and used to
refine the USNVC for the mid-Atlantic region. This classification was used to map and describe
the vegetation at the seven national parks in Virginia.

This report documents the classification and mapping of vegetation at Richmond National
Battlefield Park. Twenty-one map classes representing 13 USNVC associations, five
nonstandard, park-specific vegetation classes, and three Anderson Level II land-use categories
were used to map the 570 ha (1407 ac) park. Vegetation map classes were determined through
extensive field reconnaissance, data collection, and analysis. Aerial photography from 2001
served as the base map, and field sampling was conducted from 2002-2006. Spatial data were
digitized onscreen over digital orthophoto mosaics created from scanned color infrared, stereo
pair 1:6,000 scale aerial photography using a 0.5 hectare minimum mapping unit.

Early successional or transitional vegetation covers 32% of the land in the park (180 ha; 444 ac).
Cultural map classes cover 25% (144 ha; 355 ac) of the park and include the Anderson land-use
categories and other man-made or maintained areas in the park. Seven map classes representing
later successional vegetation cover 43% of the land in the park (243 ha; 600 ac). The seven map
classes can be broadly characterized based on different environmental settings as upland forests
(3 map classes) and forested wetlands (4 map classes).

A vegetation map of Richmond National Battlefield Park was created following the USGS-NPS
Vegetation Mapping Program protocols. Vegetation map classes were crosswalked to the natural
communities of Virginia and to the USNVC in order to provide a regional and global context for
the park’s vegetation. Seventy-one randomly selected accuracy assessment sampling points were
collected throughout the park and used to assess the thematic accuracy of the map. The Kappa
Index for the final vegetation map was 84.4 + 10.2%, with an overall accuracy of 85.9%.

A field key to the map classes, and detailed descriptions for map classes, or associations within a
map class, were developed to assist with field recognition and classification. Additional
products associated with this project include leaf-on and leaf-off orthophoto mosaics, a database
of vegetation plot data and accuracy assessment data, digital photos of vegetation associations,
and spatial data files for the vegetation map, plot sample points, and accuracy assessment sample
points with associated Federal Geographic Data Committee (FGDC)-compliant metadata.
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Products for Richmond National Battlefield Park and similar national park vegetation mapping
projects can be accessed at the USGS-NPS Vegetation Mapping Program website:
http://biology.usgs.gov/npsveg/.

Keywords: vegetation association, vegetation classification, vegetation mapping, Richmond
National Battlefield Park.
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Introduction

General Background

Effective management of natural resources in our national parks depends on park managers
having access to comprehensive, scientifically credible information on species and habitats found
in their parks. Accurate and up-to-date vegetation maps can form the foundation for resource
management activities in the national parks and are recognized by the National Park Service
(NPS) Inventory and Monitoring Program as one of twelve basic data sets for every park with
significant natural resources (NPS 2003). Activities as diverse as park planning, fire
management, wildlife research, habitat conservation/restoration, and visitor interpretation all can
be informed by current maps of vegetation distribution. Additionally, a vegetation map
attributed to a standard, nationally used classification system provides a way to assess how an
individual park’s biodiversity fits into the context of the entire region.

Since the early 1990’s, the National Park Service and the U.S. Geological Survey (USGS) have
worked cooperatively to classify, describe, and map vegetation communities in more than 250
national park units across the United States. At its inception, the USGS-NPS Vegetation
Mapping Program (USGS-NPS VMP) put forth standards and protocols for classification and
mapping of vegetation communities on NPS lands. These standards are outlined in four
documents written by The Nature Conservancy and Environmental Systems Research Institute
(TNC and ESRI 1994a, b, ¢, d) and available at http://biology.usgs.gov/npsveg/standards.html.

Products produced as part of the USGS-NPS VMP must meet Federal Geographic Data
Committee (FGDC) standards for vegetation classification and metadata, and national standards
for spatial accuracy and data transfer. Standard spatial data products include aerial photography,
map classification, a spatial database of vegetation communities, hardcopy maps of vegetation
communities, metadata for spatial databases, and a complete accuracy assessment of the
vegetation map. Vegetation information includes vegetation classification, dichotomous field
key of vegetation classes, formal description of each vegetation class, ground photos of
vegetation classes, and field data in database format. Mapping standards include a minimum
mapping unit of 0.5 hectares (ha) and classification accuracy of 80% for each map class. The
spatial databases are required to have a horizontal positional accuracy that meets National Map
Accuracy Standards at the 1:24,000 scale. This means that each well-defined object in the
spatial database will be within 1/50 of an inch of its actual location on the map or 12.2 m (40 ft)
on the ground.

The FGDC standard for vegetation classification is the United States National Vegetation
Classification (USNVC). Over the past twenty years, the USNVC has been developed and
implemented by The Nature Conservancy (TNC), the network of Natural Heritage Programs, and
more recently, NatureServe. The USNVC is a subset of the larger International Vegetation
Classification (IVC). In North America, the IVC consists of the U.S. National Vegetation
Classification (USNVC) and the Canadian National Vegetation Classification (CNVC). The
IVC has also been developed for the Caribbean region. Further developments are under way
through various Latin American projects.
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The USNVC is currently maintained and updated by NatureServe. Additional support has come
from federal agencies, the FGDC, and the Ecological Society of America. Refinements to the
classification occur in the process of application, leading to ongoing proposed revisions that are
reviewed both locally and nationally. A two volume publication (Grossman et al. 1998)
presenting the standardized classification, and providing a thorough introduction to the
classification, its structure, and the list of vegetation types found across the United States as of
April 1997 can be found on the Internet at: http://www.NatureServe.org/publications/library.jsp.
Volume II of this publication (the classification listing) has been superceded by the online
database server, NatureServe Explorer®, http://www.NatureServe.org/explorer', which provides
regular updates to ecological communities in the United States and Canada.

The USNVC is a hierarchical system that classifies vegetation using physiognomic (structural)
features at the highest levels of the hierarchy and floristic features at the lower levels. The
physiognomic units have a broad geographic perspective and the floristic units have local and
site-specific perspectives (TNC and ESRI 1994a; Grossman et al. 1998). The USNVC includes
most existing vegetation, whether natural or cultural, but attention is focused on natural
vegetation types. Natural vegetation, as defined in TNC and ESRI (1994a), includes types that
“occur spontaneously without regular management, maintenance, or planting and have a strong
component of native species”. Cultural vegetation includes planted/cultivated vegetation types
such as orchards, pastures, forestry plantations, and vineyards.

The physiognomic-floristic classification includes all upland terrestrial vegetation and all
wetland vegetation with rooted vascular plants. The hierarchy has five physiognomic levels and
two floristic levels (Table 1). The basic unit of the physiognomic portion of the classification is
the formation, a type defined by dominance of a given growth form in the uppermost stratum and
characteristics of the environment (e.g., cold-deciduous alluvial forests). The physiognomic
portion of the classification is based upon the United Nations Educational, Scientific, and
Cultural Organization world physiognomic classification of vegetation, which was modified to
provide greater consistency at all hierarchical levels and to include additional types (UNESCO
1973).

The floristic levels include alliances and associations. The alliance is a physiognomically
uniform group of plant associations that share dominant or diagnostic species, usually found in
the uppermost strata of the vegetation. The association is the finest level of the USNVC. An
association is defined as a plant community type that is relatively homogeneous in composition
and structure and occurs in a uniform habitat. For example, Mid-Atlantic Mesic Mixed
Hardwood Forest (Fagus grandifolia - Quercus (alba, rubra) - Liriodendron tulipifera / (Ilex
opaca var. opaca) / Polystichum acrostichoides Forest) is a common forest type on well drained,
acidic midslopes in the Piedmont and Coastal Plain of Virginia. Associations are also assigned
global rarity ranks that indicate their conservation status and relative risk of extirpation
(Grossman et al. 1998). Associations from the USNVC are cross-referenced to communities in

' As of this writing, cultural, early successional / ruderal, and exotic (i.e. nonnative plot species)

dominated vegetation units defined in the USNVC are not served on NatureServe Explorer. Additional
information on these types can be obtained from a NatureServe regional or national vegetation ecologist.

17




USGS-NPS Vegetation Mapping Program
Richmond National Battlefield Park

Table 1. United States National Vegetation Classification System physiognomic-floristic
hierarchy for terrestrial vegetation (from Grossman et al. 1998).

Level Primary Basis For Classification Example
Class Growth form and structure of vegetation Forest
Subclass Growth form characteristics (e.g., leaf Deciduous forest
phenology)
Group Leaf types, corresponding to climate Cold-deciduous forest
Subgroup Relative human impact (natural/semi- Natural/semi-natural
natural or cultural)
Formation  Additional physiognomic and Lowland or submontane cold-deciduous
environmental factors, including forest
hydrology
Alliance Dominant/diagnostic species of uppermost White Oak - (Northern Red Oak, Hickory

or dominant stratum

Association Additional dominant/diagnostic species

from any strata

species) Forest Alliance
Northern Red Oak / Umbrella Magnolia -
Eastern Redbud / Black Cohosh -

Heartleaf Foamflower Forest

state-specific vegetation classifications such as the Natural Communities of Virginia (Fleming et
al. 2006), as well as to other regional and national classification systems.

In 2001, the Northeast Region of NPS contracted separately with the Virginia Department of
Conservation and Recreation, Division of Natural Heritage (VADNH), NatureServe, and North
Carolina State University’s Center for Earth Observation (NCSU-CEO) to apply the USGS-NPS
VMP standards to the vegetation in seven NPS units in Virginia. These parks are within two
NPS Inventory and Monitoring networks: the mid-Atlantic Network and the Northeast Coastal
and Barrier Network.

The goal of the study was to accurately map and classify at least to the alliance level of the
USNVC, the vegetation in Appomattox Court House National Historical Park, Booker T.
Washington National Monument, Colonial National Historical Park, Fredericksburg and
Spotsylvania National Military Park, George Washington Birthplace National Monument,
Petersburg National Battlefield, and Richmond National Battlefield Park. The classification used
to map these parks was developed regionally, using quantitative data that was collected from all
seven park units and combined with existing data from throughout the Mid-Atlantic Piedmont
and Coastal Plain.

The goal of the mapping effort at Richmond National Battlefield Park was to produce an up-to-
date digital geospatial vegetation database for the park and to provide a plant species list, a
dichotomous key to the vegetation, and descriptions of the vegetation in the park. Baseline
information on plant community composition and rarity is critical to developing desired
conditions and park management goals relating to native plant communities, nonnative plant and
insect species, and effects of deer browse and other disturbances. Identification and description
of plant communities also provide habitat information important to understanding associated
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organisms, including animals, protozoa, bacteria, and fungi. A vegetation map can also allow
inferences about the location and abundance of species that are characteristic of each community.
This report also describes the park’s vegetation in the context of a national and regional
vegetation classification, the USNVC. Having the park’s vegetation mapped and attributed to
this standard will facilitate the comparison of vegetation types among other NPS units in the
region and throughout the United States.

The success of this study depended on cooperative efforts of several government and private
entities. VADNH and NatureServe worked cooperatively to develop the vegetation
classification, the vegetation descriptions, and field keys to the map classes, and to ensure that
the vegetation units were properly crosswalked to the USNVC. NCSU-CEO produced the photo
mosaics, assessed their positional accuracy, and developed preliminary vegetation maps.
VADNH took lead responsibility for field validation of the preliminary maps, editing the
vegetation maps and labeling features with USNVC units, vegetation data collection and
analysis, thematic accuracy assessment, and writing the final reports. The Northeast Region of
NPS funded the project and provided technical specifications and guidance.

Park-specific Information

Richmond National Battlefield Park is located in central Virginia, approximately 161 km (100
mi) south of Washington D.C. Richmond National Battlefield Park is one of four parks of the
National Park System commemorating and preserving battlefields of the 1864 - 65 United States
Civil War campaigns in Virginia. The park protects and interprets resources associated with the
siege of Richmond, the Confederate capital during the Civil War, and the many Civil War battles
fought in the vicinity of Richmond, Virginia. As of June 2004, the park consisted of 570 ha
(1,407 ac) in ten units spread out over three counties and the city of Richmond (Figure 1). The
Chimborazo Park unit contains a visitor center and administrative offices and is the only park
owned unit within the city of Richmond. The remaining units lie north, east, and south of the
city, in Henrico, Hanover, and Chesterfield counties. Lands surrounding park boundaries are
primarily residential developments, industrial, rural homes and farmland. In 2007, over 132,500
people visited Richmond National Battlefield Park.
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Figure 1. Location of Richmond National Battlefield Park (RICH), Virginia.
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Project Area

Location and Regional Setting

The various units of Richmond National Battlefield Park straddle the boundary between the
southern Piedmont and northern Coastal Plain of Virginia (Figure 2), an area known as the “Fall
Line”. The Fall Line is a zone of geologic transition that marks the boundary between the older,
resistant, metamorphic rocks of the Piedmont and younger, softer, mostly unconsolidated
sediments of the Coastal Plain. In Virginia, this boundary roughly corresponds to the route of
Interstate 95 between Washington D.C. and Emporia. The park boundaries fall within six USGS
quadrangle maps: Richmond, Seven Pines, Drewrys Bluff, Dutch Gap, Roxbury, and Chester
(Figure 3).

Fort Darling and Parker’s Battery are located in the Piedmont, while the other park units are in
the northern Coastal Plain. This portion of Piedmont is known as the Western Coastal Plain-
Piedmont Transition subsection (Keys et al. 1995) and consists of irregular plains with elevations
ranging from 30 to 91 m (100 to 300 ft). The Coastal Plain units of Richmond National
Battlefield Park lie in the Atlantic Southern Loam Hills subsection which is characterized by
smooth plains ranging from 30 to 91 m (100 to 300 ft) (Keys et al. 1995). Historic climate data
from Richmond, Virginia (37°30'N / 77°20'W) from the years 1948 through 2007 report mean
monthly minimum temperature as 8.4° C (47.2° F), and the mean monthly maximum temperature
is 20.5° C (69.0° F). The mean January minimum temperature is —2.3° C (27.8° F), and the mean
July maximum temperature is 31.5° C (88.8° F). Annual precipitation averages 111.2 cm (43.8
in).(SRCC 2008).

The vegetation of the Piedmont Plateau has been severely altered by a long history of clearing,
agriculture, logging, and other anthropogenic disturbances. Except in the increasingly large
urban and suburban areas, the province currently has a patchwork of secondary forests, pastures,
and fields used for the production of feed grains or tobacco. Most Piedmont forests have a
history of repeated cutting, or have regenerated on former agricultural lands, some of which were
abandoned more than 150 years ago. Recently disturbed Piedmont forests tend to have a large
component of pines, Virginia pine (Pinus virginiana) and/or shortleaf pine (Pinus echinata), and
shade-intolerant hardwoods such as tuliptree (Liriodendron tulipifera) and sweetgum
(Liguidambar styraciflua). The composition of more mature hardwood forests varies with soils
and topography. Dry, acidic soils support oak / heath forests, while more basic upland soils
usually support oak-hickory forests. White oak (Quercus alba) is a ubiquitous dominant in both
forests. Mixed forests of American beech (Fagus grandifolia), oaks (Quercus spp.), and
tuliptree are common in mesic, acidic ravines throughout the Piedmont. More local are rich
mesophytic forests, which are generally confined to ravines and river slopes underlain by mafic
rocks such as amphibolite, diabase, or gabbro. Upland forests of the western monadnocks
resemble those of the Blue Ridge. Forests of silver maple (Acer saccharinum), American
sycamore (Platanus occidentalis), American elm (Ulmus americana), boxelder (Acer negundo),
and other flood-tolerant trees are well developed along the larger rivers that cross the Piedmont,
particularly the Potomac, the Rappahannock, the James, and the Roanoke (Fleming et al. 2006).
The upland forests that originally covered much of the Virginia Coastal Plain have been
extensively cleared or altered, so that it is now difficult to determine which species and natural
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Figure 2. Physiographic provinces of Virginia showing the location of Richmond National Battlefield Park.
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communities were prevalent. Much of the contemporary forest consists of successional or
silvicultural stands of loblolly pine (Pinus taeda), and secondary pine-hardwood forests that have
developed after repeated cutting or agricultural abandonment. The most mature remnant stands
on mesic uplands are characterized by associations of American beech, several oaks, and
American holly (llex opaca var. opaca), representing what once was the common, matrix-
forming forest type in region. Patches of drier oak-dominated forest and steep bluffs with forests
of chestnut (Quercus prinus), American beech, and dense mountain laurel (Kalmia latifolia) are
fairly common in the dissected inner Coastal Plain, especially north of the James River. South of
the James River, fire-maintained forests and woodlands dominated by longleaf pine (Pinus
palustris) may have been prevalent prior to European settlement (Frost 1995), but little trace of
these now remain. Wetlands of the Coastal Plain are extensive and have fared somewhat better
than the province’s upland forests, supporting a great variety of natural communities. The
diversity of wetlands in this region spans a range of freshwater to saline, lunar-tidal estuaries;
tidal and palustrine swamps; nonriverine, groundwater-saturated flats; seasonally flooded ponds
and depressions; seepage slope wetlands; and various tidal and non-tidal aquatic habitats.

Park Environmental Attributes

Many environmental factors, such as geology, soils, hydrology and topography, affect the types
and distribution of vegetation within Richmond National Battlefield Park. The majority of the
park is underlain by five geologic units representing ancient marine and fluvial deposits: Bacons
Castle Formation, Chesapeake Group, Chuckatuck Formation, Potomac Formation, and the
Winsor Formation (VADMR 1993). The area including Cold Harbor is mapped as having
surficial deposits of Pliocene sand and gravel (Virginia Division of Mineral Resources 1993).

Three different soil surveys cover Richmond National Battlefield Park (Clay 1975; Hodges 1978;
Hodges et al. 1980). The Soil Survey Geographic (SSURGO) databases for Chesterfield County,
Virginia (USDA, NRCS 2004a), Hanover County, Virginia (USDA, NRCS 2004b), and Henrico
County, Virginia (USDA, NRCS 2004c) map 39 unique soil series within the boundary of
Richmond National Battlefield Park. The soils in the park are primarily Ultisols, with small
areas mapped as Inceptisols (four series), Entisols (one series), and Alfisols (one series). The
upland soils of the park are deep, moderately well drained to excessively drained soils that
formed in interbedded layers of sandy, loamy, and gravelly fluvial or marine Coastal Plain
sediments or from felsic crystalline rocks of the Piedmont region. These soils are typically
strongly to extremely acid in reaction (pH values less than 5.0). The majority of the upland soils
in Richmond National Battlefield Park are not mapped as specific soil series, but are mapped
generally as the suborders Orchrepts and Udults or complexes of these soils. These soils occur
on sloping to steep areas along the larger, more deeply incised drainageways and between
uplands and floodplains and terraces along the larger streams. Other uplands soils of ridges and
side slopes that cover at least 5% of the park area include the series Caroline, Kempsville,
Ruston, State, Suffolk and Turbeville. Soils of well drained to somewhat poorly drained stream
terraces include the Altavista, Angie, Bertie, Lenoir and Pamunkey series. These soils are not
considered hydric, but are found on broad stream terraces often associated with wetland
vegetation. Of the seven series considered hydric soils in the park, the Rains and Coxville series
are associated with upland depressions and flats, while Chastain, Chewacla, Kinston, Myatt, and
Roanoke series are found on floodplains, bottomlands, and low-lying stream terraces.
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All ten units of Richmond National Battlefield Park are located within the lower James River
drainage basin. The James River spans nearly the entire state of Virginia, originating in the
mountains of western Virginia, and ultimately emptying into the Chesapeake Bay. The park
units Chimborazo Park, Fort Harrison, and Fort Darling all have bluffs overlooking the James
River. The park’s other units contain smaller streams that ultimately serve as tributaries to the
James River. Beaverdam Creek, Boatswain Creek and Bloody Run, all located in the park’s
northern-most units, empty into the Chickahominy River, which in turn, empties into the James
River. Crewes Channel and Western Run, both located in the Malvern Hill unit, empty directly
into the James River. Beaver activity and the low relief of the land create many ponds and
backwater areas along park streams. These factors, along with the variable gradients of the
streams themselves, provide a range of aquatic habitats, from swift moving water to shallow
marshes (Rice et al. 2003).

The topographic relief in the park is mostly gentle; typical of the rolling uplands of the southern
Piedmont and smooth plains of the Coastal Plain. Steep bluffs are typical along the major rivers.
Elevations range from a low point of 2 m (5 ft) along the James River at Fort Harrison to a high
point of 52 m (170 ft) at Chickahominy Bluff.
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Methods

Project Scoping and Planning

In early 2001, the Northeast Region of the National Park Service approached VADNH to help
develop a vegetation classification and maps for seven NPS units in the Piedmont and Coastal
Plain of Virginia (Appomattox Court House National Historical Park, Booker T. Washington
National Monument, Colonial National Historical Park, Fredericksburg and Spotsylvania
National Military Park, George Washington Birthplace National Monument, Petersburg National
Battlefield, and Richmond National Battlefield Park). Later that year a meeting was convened
with representatives from the NPS Northeast Region Inventory and Monitoring Program,
NatureServe (then the Association of Biodiversity Information), NCSU-CEO and VADNH to
identify the scope of the project and clarify roles and responsibilities.

The three entities worked cooperatively and with the NPS to develop accurate vegetation maps
and a regional vegetation classification to apply to the vegetation of all seven parks. Ecologists
at VADNH took the primary role in field data collection, data analysis, regional classification
development, map editing, and accuracy assessment. They developed the local association
descriptions, the field key to map classes, and wrote the final reports. NatureServe reviewed the
vegetation classification developed by VADNH and ensured that the USNVC standard was
followed. They also took responsibility for entering all new information into the USNVC
databases and completed global association descriptions. They assisted in the development of or
reviewed field keys to the mapping units on the parks, and provided in-the-field consultation on
problematic vegetation types. Researchers at NCSU-CEO were responsible for aerial
photography acquisition and processing, and preliminary photo interpretation. They also wrote
the corresponding sections of the final reports.

Preliminary Data Collection and Review of Existing Information

Previous studies conducted at Richmond National Battlefield Park were reviewed for
information pertinent to the park’s vegetation. These studies included a floristic survey (Hayden
and Johnson 1986, Hayden et al. 1989) and a previous inventory by VADNH (Ludwig and Pague
1993). Existing aerial photography (Virginia Geographic Information Network 2002),
topographic maps, digital raster graphics (DRGs), National Wetland Inventory maps, the soil
survey for Hanover, Henrico, and Chesterfield counties, Virginia, and digital soil survey data
(SSURGO) were gathered for use in planning fieldwork and to use as ancillary data layers. A
preliminary classification of vegetation in Virginia's Piedmont and inner Coastal Plain (Fleming
2001) was used to develop a list of vegetation likely to occur in the park. Lists of the USNVC
formations and alliances likely to occur in the park were generated from NatureServe databases.

Aerial Photography Acquisition and Processing

Two sets of digital orthophoto mosaics, leaf-on (fall) and leaf-off (spring), were created for
Richmond National Battlefield Park. To achieve manageable file sizes, each set is made up of
six files that, together, cover the entire geographic extent of the park. Kucera International
acquired color infrared, stereo pair 1:6,000 scale aerial photography for the leaf-on mosaics on
October 23, 2001 and for the leaf-off mosaics on February 28, 2002. The photography was
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delivered to the NPS, quality checked, accepted as provided, and sent to NCSU-CEO. Upon
receipt at NCSU-CEQ, the air photos were counted to make sure that none were missing,
scanned and saved in .tif format, and placed in the data archive maintained at NCSU-CEO for the
NPS Northeast Region Inventory and Monitoring Program. Associated data and information
provided by Kucera International that are also stored in the data archive include the airborne
global positioning system (GPS) and inertial mapping unit (IMU) data files, the camera
calibration certificates for the cameras, and the hardcopy flight reports for the photography that
crosswalk the airborne GPS and IMU data to the photo frame numbers.

The leaf-on and leaf-off mosaics were produced from 109 and 85 color infrared air photos,
respectively, scanned at 600 dpi with 24-bit color depth. For each of the 12 mosaics (six leaf-on
and six leaf-off), scanned .tif images of the relevant air photos were imported into ERDAS
IMAGINE (.img) format where a photo block was created using the airborne GPS and IMU data
that Kucera International supplied with the aerial photography. Each photo block was
manipulated until it could be triangulated with a root mean square error of less than 1. At this
point, single frame orthophotos (one for each air photo) were generated within IMAGINE and
exported to IMAGINE .lan format. Then the .lan files were imported into ER Mapper’s native
(.ers) format, and an ER Mapper algorithm was created which contains the color balancing
information and the cutlines created for each of the final mosaics. Band interleaved by line (.bil)
image and header files for each mosaic were generated in ER Mapper, the .bil images were
imported into IMAGINE .img format, and, finally, the .img images were compressed using
MrSID software with a 20:1 compression ratio. The final mosaics, in both .img and MrSID
formats, are stored in the NCSU-CEO data archive.

Preliminary Photointerpretation

A preliminary vegetation dataset for Richmond National Battlefield Park was created by
interpreting the digital orthophoto mosaics to delineate vegetation polygons to the formation
level defined in the National Vegetation Classification System (FGDC 1997, Grossman, et al.
1998). To create the formation level vegetation dataset, a photo interpreter, viewing the leaf-off
and leaf-on mosaics in two dimensions, delineated visible areas of homogenous vegetation, land
cover, and land use using ArcMap’s onscreen digitizing tools. The minimum mapping unit was
0.5 hectares (1.25 acres); however, the photo interpreter was able to delineate polygons as small
as 0.2 hectares (0.5 acres). After polygons were delineated for the entire park area, the photo
interpreter created and populated three fields in the attribute table, entering a unique polygon
identification number, the formation-level vegetation class or other land use/land cover code, and
notes if the interpreter was unsure of the appropriate code or could not assign a code. In
accordance with USGS-NPS VMP protocols, the Level II land use and land cover classification
scheme developed by Anderson et al. (1976) was used to attribute non-vegetated land cover. In
addition, user-defined codes were used to attribute agricultural areas and tidal mud flats. Next,
the photo interpreter examined each formation-level vegetation polygon in three dimensions
using ERDAS IMAGINE’s Stereo Analyst software, checked the vegetation class code entered
in the attribute table, and entered a corrected vegetation class code if appropriate. The final
formation-level vegetation dataset is archived in ESRI personal geodatabase and shapefile
formats in the NCSU-CEO data archive.
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Field Data Collection

Leaf-on and leaf-off photomosaics and the formation-level line work were obtained from NCSU-
CEO in May 2004. Ecologists from VADNH conducted field data collection in Richmond
National Battlefield Park in April, May and July 2002, July 2003, June and July 2004, July and
September 2005, and April 2006. The objectives of the fieldwork were to evaluate the
formation-level line work and to collect information to help attribute and edit the line work to
reflect the alliance level of the USNVC. Additionally, detailed quantitative data from the least
disturbed areas of the park were needed to augment data available for a regional vegetation
classification.

The evaluation and editing of the line work required extensive field reconnaissance throughout
the park. Ecologists navigated to vegetation polygons represented on the formation-level map
using a GarminMap76S GPS. Once within the target polygon, qualitative observations were
made that described any variation of vegetation or environment within the polygon. The
dominant vegetation class and any inclusion communities were noted following Fleming (2001).
Dominant and characteristic vascular plant species were listed by strata with an indication of
their prevalence in the stand (i.e. dominant, common, or rare). When possible, the entire
polygon was traversed and additional GPS points were collected to mark significant vegetation
change within a polygon. Only areas within the park boundary were surveyed.

Additional detailed quantitative data were collected only in the highest quality stands of
floristically and structurally homogeneous vegetation. These were middle-to-late successional
stands with a composition of mostly native species and with a consistent environmental setting.
Within these areas, specific plot locations were chosen subjectively in order to distribute plots
across a range of site conditions and to capture vegetation types that were relatively dominant,
homogenous, and covered at least the minimum mapping unit area of 0.5 ha (1.24 ac). An
attempt was made to find at least one undisturbed sampling location for each middle-to-late
successional community type in the park. Early-successional forests and heavily disturbed areas
within the park were not sampled using quantitative methods. These areas are spatially,
temporally, and compositionally dynamic. Since their floristics are often in flux and subject to
stochastic factors, groups of plots of heavily modified vegetation (even groups dominated by the
same species) usually lack the compositional consistency to allow for ecologically meaningful
patterns to be found using quantitative data analysis. Thus, sample plots from these types often
perform as statistical outliers in quantitative analyses and frequently fail to aggregate into
convincing groups by accepted statistical standards. Instead, qualitative data collected from
vegetation polygons were used to describe and map early-successional forests and heavily
disturbed areas within the park.

In order to be maximally compatible with existing regional plot data, plots were sampled using
the relevé method (sensu Peet et al. 1998), following standard procedures employed by VADNH
and modified slightly to accommodate entry into the PLOTS database (NatureServe 2004). As a
rule, 100 m* plots with 10x10 m, or 5x20 m configurations were used to sample shrubland or
herbaceous vegetation and 400 m” plots were used to sample forested vegetation. The
configuration of the plot is flexible (e.g. 20x20 m, 16x25m, 13.33%x30 m, 10x40 m) to
accommodate special site conditions and vegetation pattern. If a forest had particularly large
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diameter trees or a diverse canopy composition, a 1000 m? plot (20 x 50m) was used to fully
capture tree species composition.

Within each plot, the percent cover of each vascular plant taxon was visually estimated as a
vertical projection of above-ground biomass onto the full plot area and assigned to one of nine
numerical cover classes (Table 2). In addition to this total cover value, cover was estimated for
each species in the following height/lifeform classes:

= herb (field) layer (all herbaceous plants, woody plants <0.5 m)
short shrub layer (woody plants 0.5—1 m)

= tall shrub layer, >1-6 m
tree layer, >6—10 m

= tree layer, >10-20 m
tree layer, >20-35 m

= tree layer, >35 m

The overall cover of mosses, lichens, and liverworts was estimated, but the individual cover of
non-vascular taxa was not estimated. The cover of vines climbing into the canopy or subcanopy
was recorded in the maximum height stratum attained by the plant. Vascular plants thought to be
characteristic of the sampled community, but located outside the plot, were recorded
parenthetically if visible from the boundary, and assigned a cover class of 1.

Additional vegetation information collected included the estimated height and total vegetative
coverage of each stratum, the leaf type and leaf phenology of each stratum, and the
physiognomic class represented by the stand. The maximum canopy height was measured using
a clinometer.

Table 2. Cover-class scores used in field sampling and data analysis.

Area of Coverage Cover Class
Cover Class Percent Cover Range for a 400 m” plot Percent Cover Midpoint
1 <0.1% <20 cm’ 0.05%
2 0.1-1% 20 cm*—4 m® 0.55%
3 1-2% 4-8 m 1.50%
4 2-5% 8-20 m? 3.50%
5 5-10% 20-40 m* 7.50%
6 10-25% 40-100 m* 17.50%
7 25-50% 100-200 m? 37.50%
8 50-75% 200-300 m* 62.50%
9 75-100% 300-400 m* 87.50%
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A standard set of environmental data was measured or estimated at each plot (Table 3). Slope
inclination was measured with a clinometer, and slope direction (aspect) was evaluated using a
compass. Both measurements were taken to the nearest degree from the plot center. In plots
with variable microtopography, slope was measured at several points and averaged. The percent
cover of different surface substrates was estimated visually, with precision varying such that
values sum to 100%. Topographic position, slope shape (both horizontally and vertically), soil
drainage class, soil moisture regime, and inundation were assessed using scalar values.
Landform was assessed at the landscape level using a topographic map and assigned to values
from a standard landform classification (Driscoll et al. 1984). When conditions permitted, a
digital photo was taken of each sampling location. Each vegetation sample was georeferenced
using a GarminMap76s global positioning system (GPS), when possible. If a satellite reading
could not be obtained, UTM coordinates were derived from the estimated position on a
topographic quadrangle map. Elevation was also derived from the position on a topographic
quadrangle map.

When possible, soil samples were collected from the top 10 cm (4 in) of mineral soil (below the
surficial litter and humus). Depth of surface duff, soil color, and texture were evaluated in the
field and recorded on the plot forms.

Evidence of any past or ongoing vegetation disturbance was carefully recorded at each sampling
site. Other information was recorded in the form of a narrative qualitative assessment and notes.
This narrative could include information concerning landscape context, estimated size of stand,
hydrologic condition, approximate distance and direction to proximate water sources, spatial
variation of vegetation pattern, or any other unusual features of the vegetation.

The plot survey form used to collect quantitative vegetation samples is provided in Appendix A.

All field data for quantitative vegetation samples were entered into the PLOTS database version
2.0 (NatureServe 2004) and are provided as a supplement to this report. Nomenclature follows
the PLANTS 3.5 Database developed by the Natural Resource Conservation Service in
cooperation with the Biota of North America Program (United States Department of Agriculture,
National Resources Conservation Service 2004).

In the context of this report a nonnative species (sometimes referred to as an exotic or alien
species) is a species that is not thought to be a native component of Virginia’s flora (Townsend
2007). Native species are those that occur in the region in which they evolved, changing over
time in response to physical and biotic processes characteristic of a region. Plants that exhibit
invasive tendencies and threaten rare native plants and natural communities are referred to as
invasive. For this report, invasive nonnative plant species include those on the VADNH list of
Invasive Exotic Plant Species in Virginia (Heffernan et al. 2001, VADCR 2003).

Vegetation Classification and Characterization

The vegetation classification used to map seven mid-Atlantic NPS parks in Virginia was
developed through successive approximations. The initial classification from 2001 (Fleming
2001) was improved upon by two additional analyses, in 2003 and in 2006, each progressively
using a larger regional dataset, with the objective of producing a more robust classification.
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Table 3. Topographic / hydrologic environmental data recorded at each plot sample location.

Topographic Position:

Soil Drainage Class:

crest very poorly drained
upper slope poorly drained
middle slope somewhat poorly drained
lower slope moderately well drained
toe slope well drained
plain/level/bottom rapidly drained
basin/depression

Surface Substrate (% cover): Inundation:
bedrock never
boulders and stones infrequently

gravel and cobbles
litter / organic matter
decaying wood
water

mineral soil / sand
other

regularly; for <6 months

regularly; for >6 months

always submerged by shallow water (<30cm)
always submerged by deep water (>30 cm)

Measured Aspect (degrees)

Measured Slope (degrees)

Slope Shape:
vertical
concave
convex
straight
horizontal
concave
convex
straight
hummock and hollow microtopography
irregular craggy/bouldery microtopography

Hydrologic Regime:

terrestrial (i.e. not a wetland)

non-tidal
permanently flooded
semipermanently flooded
seasonally flooded
intermittently flooded
temporarily flooded
saturated

tidal
irregularly exposed (< diurnally)
regularly flooded ( diurnally)
irregularly flooded (< diurnally)
wind tidally flooded
unknown hydrology

Soil Moisture Regime:

very xeric (moist for negligible time after precipitation)

xeric (moist for brief time)

somewhat xeric (moist for short time)

submesic (moist for moderately short time)

mesic (moist for significant time)

subhygric (wet for significant part of growing season; mottle
<20cm)

hygric (wet for most of growing season; permanent
seepage/mottling)

subhydric (water table at or near surface for most of the year)

hydric (water table at or above surface year round)
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All plot data collected in mid-Atlantic national parks as of November 2002 were combined into a
regional data set of 1,342 plots from throughout the Virginia Piedmont and Coastal Plain and
from selected NPS units in Maryland and the District of Columbia. The resulting preliminary
vegetation classification was reviewed by NPS ecologists and Natural Heritage Program
ecologists from Virginia, Maryland, and West Virginia. In December 2006, with the addition of
plot data collected since 2002 from Virginia, Maryland, and West Virginia, a regional dataset of
2,250 plots was used to develop the final vegetation classification for the project.

All data were examined using a combination of cluster analysis, ordination, and tabular
(statistical) analysis. In general, the analytical process was designed to progressively fragment
the large datasets into more workable subsets, using cluster analysis to identify groups, statistical
analysis to validate those groups, and lastly ordination studies to examine compositional
gradients between groups and correlations with important environmental gradients. In practice,
the process was iterative as increasingly finer groups were identified and analyzed.

The general steps included 1) data preparation and transformation, 2) numerical classification
(cluster analysis), 3) summary statistics, 4) gradient analysis (ordination), and 5) assignment of
classification units to the standard (crosswalking to USNVC). Each of these steps is outlined
below.

Data Preparation and Transformation

Plot data collected during field work were combined with existing data from throughout the Mid-
Atlantic Coastal Plain and Piedmont using databases created with Microsoft Access 2000. The
final dataset consisted of 2,250 plots (1,452 upland and palustrine wetland + 798 tidal).

Since individual plant taxa are not always identified to the same taxonomic level in plot
sampling, botanical nomenclature for the whole analysis dataset was reviewed and standardized.
As arule, taxa were treated at the highest level of resolution possible, but treatment at the
subspecific level was not always possible and a few groups of species had to be merged into
"pseudospecies." For example, various plots had Polygonatum biflorum, Polygonatum biflorum
var. biflorum, or Polygonatum biflorum var. commutatum; these were merged at the species
level. Species richness was calculated for each plot using all taxa (including unidentified
species) rooted within plot boundaries. However, taxa identified only at generic or higher levels
(e.g., Carex sp. or unidentified woody seedling) were deleted from the dataset prior to analysis to
eliminate "noise" and potentially erroneous correlations between generic entities.

Prior to analysis, most environmental variables were transformed, either to normalize frequency
distributions or to assign numeric values to categorical variables. Topographic position and
slope were converted to ordinal variables (Table 4). Aspect was transformed using the cosine
method of Beers et al. (1966), using the formula A' = cos (45° - A) + 1, where A' = transformed
aspect and A = aspect in degrees. The Beers transformation is a commonly used formula for the
conversion of the circular measure of slope aspect in degrees into linear values that can be used
in correlation and regression analysis. Beers transformation yields values between 0 and 2 that
are used to relate aspect to topographic moisture and solar exposure. Drier, solar exposed slopes
(SW, 225°) have the lowest values and moist, sheltered slopes (NE, 45°) the highest transformed
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Table 4. Ordinal values for topographic position and slope inclination used in data analysis.

Topographic Position Slope Inclination
basin/depression = -1 0-3°=1 (flat)
plain/level/bottom = 0 4-6° = 2 (gentle / undulating)
toe slopes = 1 7—-13° =3 (sloping / rolling)
lower slope =2 14-20° = 4 (moderate / hilly)
middle slope =3 21-40° =5 (steep)

upper slope =4 41°+ = 6 (very steep)
crest=15

values. Surface substrate values were converted to decimals and arcsine transformed to
normalize their distributions.

A synthetic Topographic Relative Moisture Index (TRMI) was calculated for each plot using a
procedure modified from Parker (1982). TRMI is a scalar index ranging from 0 (lowest moisture
potential) to 50 (highest moisture potential) and is computed by combining three topographic
variables that potentially influence water runoff, evapotranspiration, and soil moisture retention:

¢ Slope inclination (10-point scale; per Parker [1982])
e Aspect (20-point scale) = Beers-transformed aspect X 10
e Topographic position (20-point scale; per Parker [1982])

Normally slope shape would be included as an additional 10-point scale but, unfortunately, data
on slope shape were not consistently collected from the plots in this study. Because of this
omission, as well as assumptions of the formula that may not apply as well to Piedmont and
Coastal Plain topography as to montane topography, TRMI as calculated for this study, should be
regarded as strictly experimental.

Soil samples collected from plots were oven-dried, sieved (2 mm), and analyzed for pH,
estimated nitrogen release (ENR), phosphorus (P), soluble sulfur (S), exchangeable cations
(calcium [Ca], magnesium [Mg], potassium [K], and sodium [Na] in ppm), extractable
micronutrients (boron [B], iron [Fe], manganese [Mn], copper [Cu], zinc [Zn], and aluminum
[Al], in ppm), cation exchange capacity (CEC; m.e.q./100g), total base saturation (%TBS), and
percent organic matter (%OM). Chemical analyses were conducted by Brookside Laboratories,
Inc., New Knoxville, Ohio. Extractions were carried out using the Mehlich III method (Mehlich
1984) and percent organic matter was determined by loss on ignition. Values for all soil
variables except pH were natural log-transformed to normalize their distributions and make the
values more biologically interpretable (Palmer 1993). A calcium:magnesium ratio and a
synthetic fertility index ([cation exchange capacity X total base saturation] / 100) were also
calculated for each plot.

Cluster Analysis

In order to identify groups of compositionally similar plots samples, a hierarchical,
agglomerative, polythetic, cluster analysis was implemented using the software program PC-
ORD (version 5.0; McCune and Mefford 1999). In this type of numerical classification, sample
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units (plots) are compared and joined into clusters based on their relative similarity. This type of
cluster analysis results in a treelike diagram called a dendrogram that depicts the progressive
joining of individual plots into larger and larger clusters. Ecologists can use the dendrogram to
identify classes (subsets of plots) to subject to further analyses. In the context of this type of
analysis, hierarchical means that large clusters are composed of smaller clusters. Agglomerative
means that the analysis proceeds by joining clusters rather than by dividing clusters. Polythetic
means that many attributes of the items are used to decide the optimum way to combine or divide
clusters (McCune and Grace 2002).

Plot by species matrices for cluster analysis were constructed using raw species cover class
scores. The Lance-Williams Flexible-Beta linkage method (Lance and Williams 1966, 1967)
and either the Bray-Curtis (Sorensen) dissimilarity measure (Bray and Curtis 1957) or Relative
Euclidian distance were used to identify compositionally similar groups of plots. The Flexible-
Beta method is a generalized sorting strategy, the performance of which varies with user-
specified emphasis (beta) on different measures of between-group distance. In general, beta
settings ranging from the default of —0.25 to —0.5 produce optimal results with vegetation data,
performing very similarly to minimum-variance clustering, i.e., Ward’s method (Ward 1963).
The Bray-Curtis coefficient (also known as the Sorensen coefficient) has been used with
demonstrable success in a wide range of ecological studies (Beals 1984). Among available
measures of ecological “distance,” represented as a mathematical dissimilarity between samples,
the Bray-Curtis coefficient is a balanced measure that places some emphasis on dominant (i.e.,
high-cover) species while still giving minor (i.e., low-cover) species considerable weight in the
analysis (Gauch 1982). Relative Euclidian distance is conceptually similar, except that
abundance values are relativized such that the total abundances for all plots are equal.

Using these procedures, the 2,250-plot dataset was progressively fragmented by identifying one
or more homogeneous subsets at each iteration, removing those subsets, and re-clustering the
remaining plots. These data subsets were then subjected to more comprehensive cluster,
statistical, and ordination analyses.

Summary Statistics

Summary tables of compositional statistics were calculated to evaluate the adequacy of groups
recognized in cluster analysis and ultimately to assist in naming and describing the community
types. Total mean cover and total frequency across all plots were determined for every taxon.
To compute mean cover, cover class scores were converted to the midpoints of their respective
percent ranges, the midpoints were averaged, and resulting values were back-transformed to
cover class scores. For each taxon in each group under consideration, the following summary
statistics were then calculated:

e Frequency - the number of samples in a group in which a species occurs.
e Mean Cover - back-transformed cover class value corresponding to mean percent cover
calculated from midpoint values of cover class ranges. All samples assigned to a group

were considered when calculating mean cover, not just those in which a taxon was
present; absences were assigned a cover value of 0.
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Relative Cover - the arithmetic difference between mean cover (for a given group of
samples) and total mean cover (for the entire data set) (= Mean Cover - Total Mean
Cover). Expressed by plus or minus symbols, this value provides a relative
approximation of how much more, or less, abundant a particular species is in a
community type compared to the overall data set.

Constancy - the proportion of samples in a group in which a species occurs, expressed as
a percentage (= [Frequency / Number of samples in group] x 100).

Fidelity - the degree to which a species is restricted to a group, expressed as the
proportion of total frequency that frequency in a given group constitutes (= [Frequency /
Total Frequency] x 100). An accidental or nonnative species can have maximal (100)
fidelity to a type if it occurs in only one sample in the entire data set. As a result, fidelity
alone can perform poorly as a criterion for identifying characteristic species and
distinguishing among types.

Diagnostic Value (DV) (= [Constancy x Fidelity] / 100). A synthetic value indicating
species that are both frequent within and relatively restricted to a group of plots.

Diagnostic Value Adjusted by Cover, Scaled (Adj DV [scaled]) (= [Diagnostic Value x
Mean Cover] / 9). By dividing DV x Mean Cover by 9, the maximum possible cover
value, this statistic synthesizes information about frequency, diagnostic value, and mean
abundance. A species entirely restricted to a particular community type, occurring in
every sample of that type, and attaining maximum mean cover will have a Scaled
Adjusted DV of 100 for that type. Empirically, taxa most characteristic of a type will
have a much lower Adjusted DV, although the exact range of values in any given type or
data set may vary considerably.

Diagnostic Value Adjusted by Cover, Unscaled (Adj DV [unscaled]) (=Diagnostic Value
x prelativecovery A alternative, unscaled synthetic measure of adjusted DV, using relative
cover as the modifier of DV. Since cover classes form a logarithmic, rather than linear
scale of values, Unscaled Adjusted DV is a statistically more legitimate means of
incorporating information on cover, and has the advantage of not favoring only dominant
species and better identifying species that are considerably more abundant within a given
type than in the data set as a whole. This statistic is sensitive, however, to vegetation
types containing few samples and to species with low overall frequency. Additionally,
the following statistics were generated for each group:

Mean Species Richness - the average number of species present per plot; only species
rooted inside plot boundaries were included in this calculation.

Homoteneity - the average constancy of the S-most constant species, where S = mean
species richness for the type. This value (sensu Curtis 1959) can be considered an index
of the relative uniformity of a group of plots; higher values for homoteneity indicate
greater uniformity in species composition among plots. Although homoteneity is not
independent of group size, often increasing as the number of group members decreases, it
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can be used to evaluate whether community types have been defined at an appropriate
level.

Environmental Summary Statistics

Mean values for continuous and ordinal environmental variables were calculated for each group
to aid in describing the units and identifying the differences between them. These calculations
were performed with raw (untransformed) values, which were averaged across all plots
representing a given group. Environmental variables were summarized only for groups with at
least half the plots containing data. Mean aspect was calculated as the average position along an
arc defined by the range of aspect values.

Ordination

The ordination method of non-metric multidimensional scaling (NMDS; Kruskal 1964) was used
to examine classified units in a multidimensional space, detect compositional variation and
trends that are obscured in cluster analysis, and aid in identifying the environmental gradients
along which vegetation classes and community types are distributed. NMDS is a type of indirect
gradient analysis that assigns samples to coordinates in ordination space in a way that
maximizes, to the extent possible, the rank-order (i.e., non-parametric) correlation between inter-
sample distance in ordination space and inter-sample dissimilarity (i.e., ecological distance;
Minchin 1987). A detailed discussion of NMDS and other ordination techniques can be found in
McCune and Grace (2002).

Ordination studies were conducted for each major compositional group identified in cluster
analysis, as well as for selected smaller groups of closely related community types. The software
program PC-ORD (version 5.0; McCune and Mefford 1999) was used to implement NMDS
ordination analysis. The Bray-Curtis coefficient (Sorensen) or Relative Euclidean, the same
measure used in cluster analysis, was used to calculate dissimilarity and VARIMAX rotation was
employed to optimize axis placement in all ordination runs. Each ordination was computed
using 100 random starting configurations, and configurations with the lowest stress levels were
used for interpretation. Prior to running ordination analysis, outlier plots that would have
undesirable effects on the ordination results were identified and removed using the outlier
analysis function in PC-ORD.

Based on preliminary plots of stress vs. dimensionality, most ordinations were extracted in three
dimensions (some were in two dimensions). Pearson’s r” correlations between environmental
variables and ordination axes were calculated, and significant correlations were displayed
through joint plot overlays. A joint plot is a diagram that shows the relationship of a set of
variables and ordination scores. Radiating lines (vectors) representing environmental variables
are depicted within ordination space. The angles and lengths of the radiating lines indicate the
direction and strength of the relationship between the variable and the ordination scores. The 19
soil variables and 10 topographic variables used in ordination analyses are listed in Table 5.

Crosswalking classification units to the USNVC

Vegetation classes developed through quantitative analysis were compared to existing units of
the USNVC. All quantitatively-derived types were either assigned to a conceptually similar
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Table 5. Environmental variables used in ordination joint plots. Only variables correlated with
plot ordination scores are shown in the joint plot diagrams.

Topographic variables and percentage substrate

Beers Aspect

Slope Value

Topo position
TRMI

Bedrock

Boulders and Stones
Gravel and Cobbles
Decaying Wood
Water

Mineral Soil Sand

transformed aspect (Beers et al. 1966)

ordinal value for slope

ordinal value for topographic position

Topographic Relative Moisture Index

percentage cover by bedrock in plot

percentage cover by rocks > 10 cm in plot
percentage cover by rocks 0.2—10 cm in plot
percentage cover by dead wood in plot

percentage cover by water in plot

percentage cover by bare sand or mineral soil in plot

Soil chemistry variables

Al
B
Base Saturation (%TBS)
Ca

CaMgRatio

CEC

Cu

Fe

Fertility

extractable aluminum (in parts-per-million)
extractable boron (in parts-per-million)

percent total base saturation

exchangeable calcium (in parts-per-million)
calcium:magnesium ratio

cation exchange capacity (m.e.q./ 100 g)
extractable copper (in parts-per-million)

extractable iron (in parts-per-million)

synthetic fertility index (= CEC x Base Saturation / 100)
exchangeable potassium (in parts-per-million)
exchangeable magnesium (in parts-per-million)
extractable manganese (in parts-per-million)
estimated nitrogen release (in lbs-per-acre)
exchangeable sodium (in parts-per-million)

% organic matter (by loss on ignition)

phosphorus (in parts-per-million)

measure of acidity based on the activity of hydrogen
soluble sulpher (in parts-per-million)

extractable zinc (in parts-per-million)
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USNVC association, or used as the basis for a new USNVC association. In selecting nominals
for new USNVC associations, high-constancy species (especially those with relatively high mean
cover and high diagnostic value, if available) were favored to facilitate identification of the type
in the field. A constant species was generally considered to be a species occurring in > 67% of
plot samples within a classified association. In a few cases, species that were less constant in a
type but had high mean cover and diagnostic value were selected as parenthetical nominals. The
global USNVC descriptions for existing associations were edited, and global descriptions for
new associations were drafted. All classifications, crosswalks, and new USNVC associations
were reviewed by Natural Heritage Ecologists from Virginia, Maryland, North Carolina, West
Virginia, and NatureServe.

In addition to the vegetation classes derived from quantitative analysis, other vegetation classes
used to describe the vegetation in the seven parks were developed from qualitative observations
in the parks. Some of these qualitatively-derived units were crosswalked to the USNVC
association level, while others (i.e. cultural or disturbed vegetation) were not appropriate for
inclusion in the USNVC, and were described as nonstandard, park-specific vegetation classes.

Characterization of Vegetation

Once the regional vegetation classification was complete, vegetation classes across all seven
parks were assigned a common name based on the Natural Communities of Virginia (Fleming et
al. 2006) or, if no appropriate name existed in Fleming et al. (2006), the USNVC association
common name was used, or a park-specific common name was assigned. Park-specific
descriptions for all vegetation classes occurring at Richmond National Battlefield Park were
drafted using data from field observation points and quantitative plots. A dichotomous key to the
vegetation classes occurring in the park was created for use by park natural resource managers
and others. A dichotomous key is a tool for identifying unknown entities, in this case, vegetation
classes. It is structured by a series of couplets, two statements that describe different, mutually
exclusive characteristics of the vegetation. Choosing the statement that best fits the vegetation in
question leads the user to the correct vegetation class. The dichotomous key should be used in
conjunction with the detailed vegetation class descriptions to confirm that the class selected with
the key is appropriate.

Vegetation Map Preparation

Spatial data from field observation points and quantitative plots were used to edit the formation-
level maps of Richmond National Battlefield Park to better reflect vegetation classes. Using
ArcView 3.3, polygon boundaries were revised onscreen over leaf-off photography. Units used
to label polygons on the map (i.e. map classes) are equivalent to one or more vegetation classes
from the regional vegetation classification, or to a land-use class from the Anderson (Anderson
et al. 1976) Level II classification system. Each polygon on the Richmond National Battlefield
Park map was assigned to one of twenty-one map classes based on plot data, field observations,
aerial photography signatures, and topographic maps. The mapping boundary was based on park
boundary data obtained from Richmond National Battlefield Park in June 2004. Two of the ten
park units (Chimborazo Park and Garthright House) consist of historic buildings and/or visitor
centers and were not included in the vegetation mapping project. Spatial data depicting the
locations of earthworks was obtained from the park and used to identify polygons of the cultural
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map classes Open Earthworks and Forested Earthworks. The vegetation map was clipped at the
park boundary because areas outside the park were not surveyed or included in the accuracy
assessment.

Accuracy Assessment

Two sources of potential error in the vegetation map include: 1) horizontal positional accuracy,
in which a location on the photomosaic does not accurately align with the same location on the
ground due to errors in orthorectification or triangulation; and 2) thematic accuracy, in which the
vegetation type assigned to a particular location on the map does not correctly represent the
vegetation at the same location in the park due to mapping error. The USGS-NPS VMP
protocols (TNC and ESRI 1994c) were followed to assess the horizontal positional accuracy of
the digital photo mosaics (leaf-on and leaf-off) and the thematic accuracy of the vegetation map.

Positional Accuracy Assessment

The horizontal positional accuracy of the leaf-on and leaf-off mosaics was assessed using
guidelines of the USGS-NPS VMP (TNC and ESRI 1994c¢). For purposes of accuracy
assessment, each set of mosaics (leaf-on and leaf-off) was treated as a single entity because the
photography for each was acquired with the same camera and with one set of airborne GPS and
IMU data. Well-defined positional accuracy ground control points were placed throughout all
quadrants of each set of mosaics in ArcMap. Ground control points and zoomed-in screenshots
of each point were plotted on hard copy maps with the mosaic as a background. These maps and
plots were used to locate the ground control points in the field. Field staff recorded the ground
control point coordinates with a Trimble Pro XR/XRS or GeoXT. Mapped ground control points
that were physically inaccessible were also noted. The field crew collected accuracy assessment
data at 29 ground control points for the leaf~on mosaics and at 27 ground control points for the
leaf-off mosaics. The coordinate data were collected with real time GPS and post processed with
differential correction using Pathfinder Office software. Prior to calculating accuracy, four
ground control points for the leaf-on mosaics and three ground control points for the leaf-off
mosaics were identified as outliers with SAS’s JMP program and removed. The field-collected
GPS coordinates for the remaining 25 points for the leaf~on mosaics and 24 points for the leaf-
off mosaics were compared to the coordinates obtained from each mosaic viewed in ArcMap.
Both pairs of coordinates for each point were entered into a spreadsheet in order to calculate
horizontal accuracy (in meters). The accuracy calculation formula is based on root mean square
error (FGDC 1998b; Minnesota Governor’s Council on Geographic Information and Minnesota
Land Management Information Center 1999). Figures 4 and 5 show the distribution of the
ground control points for the leaf-on and leaf-off mosaics, respectively.
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Figure 4. Ground control points used to calculate horizontal positional accuracy of the

Richmond National Battlefield Park (RICH) leaf-on (fall) mosaics.
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Thematic Accuracy Assessment

The Virginia Natural Heritage Program assessed the thematic accuracy of the vegetation map. A
stratified random sampling approach was used, proportionally stratifying the samples among
map classes representing natural or semi-natural vegetation. Polygons representing the Anderson
land-use classes Other Urban or Built-up Land, Transportation, Communications, and Utilities,
and Residential, and three intensively managed, cultural map classes, Cultural Meadow, Forested
Earthworks, and Open Earthworks were excluded from the accuracy assessment. Two other map
classes, Successional Black Walnut Forest and Successional Shrub Swamp, were excluded from
the accuracy assessment since each is represented by a single, very small polygon that was
thoroughly surveyed during the mapping phase of the project. All polygons less then minimum
mapping unit (0.5 ha, 1.2 ac) were excluded from the sampling design. Sample size for each
class was determined by class abundance and frequency as recommended in section 4.4.2 of the
USGS-NPS VMP standards, with one regional modification (Table 6). Due to the fragmented
nature of cultural parks, most map classes are rare and a modification of Scenario B was needed
to accommodate the vegetation pattern seen in the park. Table 7 summarizes the thematic
accuracy assessment sampling strategy, showing the allocation of the 71 accuracy assessment
points among the map classes.

Prior to selecting sampling locations, all points surveyed during the mapping phase of the project
(qualitative observation points and quantitative plots) were buffered by 40 m (131 ft) and
excluded from the sampling universe. The ArcView 3.3 extension, Random Point Generator v.
1.3 (Jenness 2005), was used to randomly select the location of the accuracy assessment points
within polygons of each map class. This extension generates random points within a specified
distance for a set of input theme features (e.g. polygons), producing a new ArcView shapefile
and/or a results table. Where possible, accuracy assessment points were generated so that they
were at least 40 m (131 ft) from polygon edges. The size and linearity of some polygons,
however, made it impossible to meet these criteria for all polygons. Decreasing edge buffer
distances 20 m or 10 m (66 ft, or 33 ft) were used as necessary based on polygon size and shape.

Field staff were provided with maps showing the boundaries of the target polygons and the
location of accuracy assessment points, as well as a GPS unit preloaded with all the accuracy
assessment point locations. In August and September 2006, and in May 2007, each accuracy
assessment point was located in the field using a Garmin Map76 WAAS enabled GPS. Field
staff determined the map class at the accuracy assessment point using the dichotomous key and
the detailed vegetation descriptions. Dominant and characteristic vascular plant species were
listed by strata with an indication of their prevalence in the stand (i.e. dominant, common, or
rare). Qualitative observations were made that described any variation of vegetation or
environment within the polygon, such as the inclusion of more than one class in a polygon. Field
staff also estimated the percentage of the target polygon observed and any problems using the
key or interpreting the vegetation type in the polygon. The minimum area of observation around
the sampling point was 0.5 ha (1.2 ac) or a circle with a radius of approximately 40 m (131 ft).
The accuracy assessment data form used in this study is shown in Appendix B. Figure 6 shows
the locations of the 71 accuracy assessment points. Accuracy assessment data collected from
these 71 points were entered into the PLOTS database version 2.0 (NatureServe 2004) and are
provided as a supplement to this report.
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Table 6. Recommended sample size for accuracy assessment points based on the stratified
random sampling process (TNC and ESRI 1994c¢). Modification for Virginia cultural parks

shown as scenario B2.

Area Recommended
Polygons occupied number of
Scenario  Description in class by class samples in class
A Abundant. Map class has many polygons that >30 >50 ha 30
cover a large area.
B Relatively abundant. Map class has few <30 >50 ha 20
polygons that cover a large area.
B2 Regional modification to Scenario B >5, <20 >50 ha 10
C Relatively rare. Map class has many polygons, >30 <50 ha 20
but covers a small area.
D Rare. Map class has few polygons; most or all >5, <30 <50 ha 5
polygons are small.
E Very rare. Map class has too few polygons to <5 <50 ha Visit all

permit statistical assessment.

and confirm

Table 7. Thematic accuracy assessment (AA) strategy for Richmond National Battlefield Park,
showing number of polygons, mapped hectares, and number of AA points sampled for each

vegetation-map class.

Number  Number of Number of
of polygons Mapped AA points

Map class polygons >0.5ha hectares sampled
Acidic Oak - Hickory Forest 14 9 45.2 9
Beaver Wetland Complex 6 5 48.9 5
Coastal Plain / Piedmont Acidic Seepage Swamp 7 7 9.1 6
Coastal Plain / Piedmont Small-Stream Floodplain Forest 5 2 4.1 2
Coastal Plain Mixed Oak / Heath Forest 10 10 70.9 9
Loblolly Pine - Hardwood Forest 12 8 38.3 5
Loblolly Pine Plantation 3 3 38.9 3
Mesic Mixed Hardwood Forest 20 17 81.0 11
Non-Riverine Saturated Forest 6 6 26.8 7
Non-Riverine Saturated Forest - pine subtype 4 3 5.8 3
Successional Mixed Scrub 3 2 3.2 2
Successional Red-cedar Forest 2 1 1.0 1
Successional Tuliptree Forest 13 8 48.3 8
Cultural Meadow 18 12 81.2 0
Forested Earthworks 11 10 25.0 0
Open Earthworks 4 2 4.7 0
Other Urban or Built-up Land 8 6 9.2 0
Residential 15 3 4.2 0
Successional Black Walnut Forest 1 1 0.6 0
Successional Shrub Swamp 1 1 0.5 0
Transportation, Communications, and Utilities 22 11 19.5 0

TOTAL 185 127 566.4 71
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Figure 6. Locations of thematic accuracy assessment sampling points in Richmond National
Battlefield Park.
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Data from 71 accuracy assessment points were entered into an Excel spreadsheet listing accuracy
assessment point ID, vegetation map polygon ID, vegetation map class, and first and second (if
available) map class determination from accuracy assessment field observations. The thematic
accuracy of the vegetation map was then tabulated using a contingency matrix that compares the
map class observed on the ground (accuracy assessment observation) with the map class mapped
at the same location on the final vegetation map (reference data). The contingency table lists
reference data values in the columns and accuracy assessment observation values in the rows.
The number of each reference data and accuracy assessment observation pair for all sampling
locations is indicated at each row/column intersection in the matrix. Correct mappings are
indicated on the table where the row and column values are the same and typically occur on the
diagonal on the matrix. Overall percent accuracy and Kappa index were calculated for the map
using equations from the USGS-NPS VMP accuracy assessment guidelines (TNC and ESRI
1994c). Overall percent accuracy was calculated by dividing the number of correctly classified
accuracy assessment points by the total number of accuracy assessment points. The Kappa index
is the preferred method of reporting overall thematic accuracy because it takes into account that a
certain number of correct classifications will occur by chance (Foody 1992). The USGS-NPS
VMP protocol requires that the Kappa index of vegetation maps exceed 80% (TNC and ESRI
1994c). To calculate the probability that a reference data observation has been correctly
classified (producer’s accuracy or omission error), the number of reference data points correctly
classified is divided by the total number of reference data points in that map class. To calculate
the probability that the mapped vegetation classes represent the vegetation actually found on the
ground (user’s accuracy or commission error), the number of correctly classified reference
samples was divided by the total number of samples classified or mapped to that vegetation
class. The errors of omission and errors of commission for mapped vegetation classes should
exceed 80%, according to the USGS-NPS VMP protocol (TNC and ESRI 1994c).

Metadata Preparation

All map products are accompanied by detailed Federal Geographic Data Committee (FGDC)
compliant metadata (FGDC 1998a). Metadata are data about data. They describe the content,
quality, condition, and other characteristics of the data. Metadata are critical elements of each
spatial dataset, allowing future users of the data to understand how the dataset was developed, its
appropriate uses, and to locate specific information within the spatial dataset. Metadata records
were prepared for each mosaic, for the vegetation map, and for the all georeferenced plot data
and accuracy assessment point data.

A metadata record for each set of mosaics was prepared in accordance with the current Federal
Geographic Data Committee standards (FGDC 1998a). Metadata were produced in notepad and
parsed using the USGS metadata compiler (USGS 2004). After all errors and omissions
identified by the parser were corrected, the metadata compiler was used to generate final TXT,
HTML, and XML versions of each metadata record which are stored in the data archive. Key
information for the leaf-on (fall) and leaf-off (spring) mosaics and for the formation-level
vegetation dataset is summarized in Tables 8 and 9, respectively.
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Table 8. Summary of key information for Richmond National Battlefield Park leaf-on (fall)

mosaics.

Title of metadata record:

Publication date of mosaics (from metadata):
Date aerial photography was acquired:
Vendor that provided aerial photography:
Scale of photography:

Type of photography:

Number of air photos delivered:

Archive location of air photos, airborne GPS and
IMU files, and camera calibration certificate:

Scanning specifications:

Horizontal positional accuracy of mosaics:

Number of ground control points upon which
estimated accuracy is based:

Method of calculating positional accuracy:

Archive location of mosaics and metadata:

Formats of archived mosaics:

Richmond National Battlefield Park Color Infrared
Orthorectified Photomosaic - Leaf-on
(ERDAS IMAGINE .img and MrSID formats)

March 1, 2003

October 23, 2001

Kucera International
1:6,000

Color infrared, stereo pairs
109

North Carolina State University, Center for Earth
Observation

600 dpi, 24-bit color depth

1.098 meters, meets Class 1 National
MapAccuracy Standard

25

Root mean square error

North Carolina State University, Center for Earth
Observation

.img (uncompressed) and

MrSID (20:1 compression)
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Table 9. Summary of key information for Richmond National Battlefield Park leaf-off (spring)

mosaics.

Title of metadata record:

Publication date of mosaics (from metadata):
Date aerial photography was acquired:
Vendor that provided aerial photography:
Scale of photography:

Type of photography:

Number of air photos delivered:

Archive location of air photos, airborne GPS and
IMU files, and camera calibration certificate:

Scanning specifications:

Horizontal positional accuracy of mosaics:

Number of ground control points upon which
estimated accuracy is based:

Method of calculating positional accuracy:

Archive location of mosaics and metadata:

Formats of archived mosaics:

Richmond National Battlefield Park Color Infrared
Orthorectified Photomosaic-Leaf-off (ERDAS
IMAGINE .img and MrSID formats)

March 1, 2003

February 28, 2002

Kucera International
1:6,000

Color infrared, stereo pairs
85

North Carolina State University, Center for Earth
Observation

600 dpi, 24-bit color depth

1.327 meters, meets Class 1 National Map
Accuracy Standard

24

Root mean square error

North Carolina State University, Center for Earth
Observation

.img (uncompressed) and

MrSID (20:1 compression)
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Metadata records for the vegetation map and for all georeferenced plot and accuracy assessment
point data were created using a combination of the NPS Metadata Tools and Editor Version 1.1
and NPS Database Metadata Extractor MS Access Add-in Version 1.0 (NPS 2006). Each file
was parsed using the USGS metadata compiler Metaparser (MP) v. 2.8.25 (Schweitzer 1995) and
the Federal Geographic Data Committee (FGDC) configuration file. This process ensures that
all elements required by the FGDC standard are included in the metadata files. All errors and
omissions identified by the parser were corrected.
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Results

Field Surveys

Field work was completed in Richmond National Battlefield Park in 2007. Data were collected
from 11 quantitative vegetation plots located throughout the park (Figure 7). Species observed
during quantitative plot sampling and in accuracy assessment observation points are listed in
Appendix C. This list should not be considered a comprehensive flora for the park, but could be
used to add to existing vascular plant lists for the area. Of the 230 vascular plant taxa noted
during fieldwork, 10 were nonnative species and, of those, nine are considered invasive by the
Virginia Department of Conservation and Recreation (VADCR 2003). Two species noted in the
park, Collin’s sedge (Carex collinsii) and palegreen orchid (Plantanthera flava var. flava), are
included on the Vascular Plant Watchlist of the Virginia Department of Conservation and
Recreation, Division of Natural Heritage (Townsend 2007). Taxa on this list are decidedly
uncommon in Virginia, but not scarce enough to merit inclusion on the Rare Vascular Plant List.;
however, they are monitored to determine general population trends.

Vegetation Classification and Characterization

Initial cluster analysis of the 2,250-plot regional dataset divided the data into three major subsets,
upland forests (899 plots), non-tidal wetlands (553 plots), and tidal wetlands (798 plots).
Subsequent cluster analysis divided these groups further into 22 subsets, each representing major
branches on analysis dendrograms. More comprehensive cluster, statistical, and ordination
analyses were conducted on these 22 subsets, resulting in a classification of over 100 vegetation
associations. Over the course of the project, 20 new associations were described for the USNVC
and 40 existing associations were revised.

A reduced dataset representing 11 major groupings in the original 2,250-plot cluster analysis was
extracted and used to illustrate results pertaining to the seven national parks in this study. A
table showing the distribution of vegetation classes across all seven parks, including Richmond
National Battlefield Park, is presented in Appendix D. Quantitative analysis classified 35
associations occurring in the seven national parks in Virginia. An additional 19 associations and
12 nonstandard, park-specific vegetation classes representing disturbed, cultural, or exotic
vegetation were also recognized from the seven parks, but were not represented by quantitative
plot data and thus not included in the quantitative analyses. Global and subnational (state)
conservation ranks used in Appendix D are defined in Appendix E, and a summary of select
environmental variables for associations derived from quantitative analysis of plot data is
presented in Appendix F.

The major vegetation groups represented at Richmond National Battlefield Park are 1) oak /
heath forests, 2) mesic acidic forests, 3) oak - hickory forests, 4) seepage wetlands, 5) alluvial
forests, and 6) nonriverine forests. Cluster dendrograms, ordination scatterplots, and joint plots
resulting from quantitative analysis of plot data from these groups are presented in Appendix G.
Compositional summary statistics for each association present in Richmond National Battlefield
Park which was derived from the quantitative analysis of the regional plot data are presented in
Appendix H.
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Figure 7. Location of quantitative vegetation plots in Richmond National Battlefield Park.
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The analysis results presented in Appendix G support the classification of plot samples into the
six major vegetation groups represented at Richmond National Battlefield Park. Classification
dendrograms illustrate the compositional similarity among each group of plots in a vegetation
association. The classifications are further supported by the ordination diagrams, which show
the same groups of plots in ordination space.

The percentage variance represented by each ordination for the major vegetation groups in the
park is presented in Table 10. Environmental variables significantly correlated with ordinations
axes are illustrated with joint plot diagrams. All vegetation associations resulting from the
regional analysis are shown in the dendrograms and ordination diagrams, even those not present
in Richmond National Battlefield Park. In this way, species and environmental relationships
among associations can be examined in a regional context.

The classification of 93 oak / heath forest sample plots is illustrated in Figures G1-G2 of
Appendix G. Plot samples cluster into two compositionally distinct groups in both the
dendrogram and the three-dimensional ordination (Appendix G, Figures G1 and G2). The two
associations, Coastal Plain Mixed Oak / Heath Forest (CEGL006269) and Piedmont / Low
Elevation Mixed Oak / Heath Forest (CEGL008521) separate along axis three of the ordination
diagram. There were no environmental variables that were significantly correlated with the
ordination axes. The two oak / heath sample plots for Richmond National Battlefield Park are
classified as Coastal Plain Mixed Oak / Heath Forest (CEGL006269). Environmental variables
from plot samples classified as Coastal Plain Mixed Oak / Heath Forest are summarized in
Appendix F. A compositional summary based on 18 sample plots of this association is presented
in Appendix H, Table H3. The two plot samples from Richmond National Battlefield Park are
very typical of the association, both compositionally and environmentally. The Richmond
National Battlefield Park plot samples contained all of the most constant species, but did lack the
parenthetical nominal, sand hickory (Carya pallida). Coastal Plain Mixed Oak / Heath Forest is
found in three of the seven national parks included in this study (Appendix D). Itis a

Table 10. Proportion of variance represented by each axis, based on coefficients of
determination (r*) between ordination distances and distances in the original n-dimensional space
for the major vegetation groups at Richmond National Battlefield Park. Two-dimensional
ordinations have "n/a" listed in Axis 3 column.

Increment
Vegetation Group Axis 1 Axis 2 Axis 3 Cumulative
oak / heath forests 0.356 0.223 0.238 0.817
mesic acidic forests 0.124 0.426 0.233 0.783
oak - hickory forests 0.083 0.155 0.543 0.781
seepage wetlands 0.329 0.531 n/a 0.860
alluvial forests 0.094 0.767 n/a 0.861
nonriverine forests 0.064 0.539 0.225 0.818
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widespread, large patch to matrix-forming forest community known from rolling to level Coastal
Plain landscapes from New Jersey south to Virginia. In central and southeastern Virginia, it
extends slightly into the eastern portion of the Piedmont.

Classification results for the mesic acidic forest group are presented in Appendix G, Figures G3—
GS5. Plot samples cluster into two compositionally distinct groups in both the dendrogram and
the three-dimensional ordination (Appendix G, Figures G3 and G4). Axis three of the joint plot
(Appendix G, Figure G5) is highly correlated with joint plot vectors representing pH and the soil
cations calcium, magnesium, manganese, and iron. The two associations classified within the
mesic acidic forests group are Mesic Mixed Hardwood Forest (CEGL006075) and Piedmont /
Coastal Plain Oak - Beech Heath Forest (CEGL006919). Although both associations can occur
in the same landscape, Piedmont / Coastal Plain Oak - Beech Heath Forest is found on steeper,
more exposed slopes with less fertile soils than Mesic Mixed Hardwood Forest. A summary of
environmental variables for the two associations is presented in Appendix F. Only one of the
two associations, Mesic Mixed Hardwood Forest (CEGL006075), occurs at Richmond National
Battlefield Park, and two plot samples from the park represent this association. A compositional
summary for the 170 sample plots of Mesic Mixed Hardwood Forest is presented in Appendix H,
Table H2. Plot samples of Mesic Mixed Hardwood Forest from Richmond National Battlefield
Park are compositionally representative of the association, however, the plot sample from the
slopes of Boatswain Creek in the Watts House unit had only 20 species, about half the typical
species richness for the association. Mesic Mixed Hardwood Forest was documented in five of
the seven national parks included in this study (Appendix D). It is a common and wide-ranging
community known from the Piedmont and Coastal Plain of Virginia and Maryland northward to
southern New England.

The results of the regional analysis of the oak - hickory forest group are illustrated in Figures
G6—G8 of Appendix G. Plot samples cluster into two compositionally distinct groups in both the
dendrogram (Appendix G, Figure G6) and the three-dimensional ordination (Appendix G, Figure
G7). Strong correlations of soil fertility variables with axis three of the ordination suggest that
soil nutrients have an important influence on vegetation patterns within this group (Appendix G,
Figure G8). Two associations, Acidic Oak-Hickory Forest (CEGL008475) and Basic Oak -
Hickory Forest (CEGL007232), were recognized in analysis and there is much variation within
each group of plot samples along a gradual cline of site conditions, soil chemistry, and floristic
composition. Only Acidic Oak-Hickory Forest was classified from Richmond National
Battlefield Park. The two plot samples from the park have typical species composition for the
association (Appendix H, Table H1). The Acidic Oak-Hickory Forest sample from Malvern Hill
had 62 species per 400 m” quadrat, which was greater than the mean of 53 species for the
association. The sample from Fort Darling had only 32 species per 400 m” quadrat. Acidic Oak-
Hickory Forest is found on acidic soils that are common throughout the Piedmont and the
association is a common matrix forest type in the Carolinas, Virginia, and south-central
Maryland. However, since most of the rolling upland landscape of the Piedmont has been
logged more than once since European settlement, stands older than 80 years are uncommon.
Acidic Oak-Hickory Forest occurs in six of the seven national parks included in this study
(Appendix D). The other association classified within the Oak - Hickory Forest group, Basic
Oak - Hickory Forest (CEGL007232), is not present at Richmond National Battlefield Park.
Compared to Acidic Oak - Hickory Forest, Basic Oak - Hickory Forest is associated with soils
that are more alkaline and characterized by high cation levels (Appendix F). Although Basic
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Oak-Hickory Forest is widely distributed in the Piedmont from southern Virginia to Alabama, it
is an uncommon community type that is strongly restricted to mafic substrates and subject to
ongoing threats from cutting and conversion of hardwood stands to pine silvicultures.

Classification results for the seepage wetland group are presented in Figures G9-G11 of
Appendix G. Plot samples from 72 seepage wetlands cluster into three compositionally distinct
groupings in both the dendrogram and the two-dimensional ordination (Appendix G, Figures G9
and G10). Axis one of the joint plot (Appendix G, Figure G11) is highly correlated with the joint
plot vectors representing pH, calcium / magnesium ratio, base saturation, and fertility index,
while axis two is significantly correlated with high percentage cover of boulders. Together,
these axes represent 86% of the variance in the data (Table 10). The only seepage wetland
present in Richmond National Battlefield Park is Coastal Plain / Piedmont Acidic Seepage
Swamp (CEGL006238). Plots classified as this association have the lowest average soil pH
value in the group and low levels of base cations (Appendix F). A compositional summary of
the association is presented in Table H4 of Appendix H. The two plots from the park are very
typical of the association, with all the nominal and constant species. This association is found in
four of the seven national parks included in this study (Appendix D). The remaining two
seepage wetland associations represent basic seepage swamps and occur on high base status soils
with high cation levels (Appendix F and Appendix G, Figure G11). All three seepage wetland
associations are considered either globally rare or uncommon in the State of Virginia (Appendix
D).

The regional analysis of alluvial forest sample plots is illustrated in Figures G12—G14 of
Appendix G. Plot samples cluster into three compositionally distinct groups in both the
dendrogram and the two-dimensional ordination. Plot samples segregate along axis two, which
represents 77% of the variance in the data (Table 10). The joint plot (Appendix G, Figure G14)
shows the correlation of soil fertility variables with axis two of the ordination, suggesting that
soil nutrients have an important influence on vegetation patterns within this group. The 48
regional plot samples representing the only alluvial forest association found at Richmond
National Battlefield Park, Coastal Plain / Piedmont Small-Stream Floodplain Forest
(CEGLO004418), are at the lowest end of the soil fertility gradient (Appendix G, Figure G14) and
have the lowest averages in the group for soil variables indicative of fertility (Appendix F, Table
F2). Coastal Plain / Piedmont Small-Stream Floodplain Forest develops over acidic soils along
small streams in the Coastal Plain of Maryland and Virginia and west across the Virginia and
North Carolina Piedmont to the Cumberland Plateau and Ridge and Valley. Piedmont /
Mountain Alluvial Forest (CEGL006492) is found on small to medium sized streams over more
fertile alluvium, while Piedmont / Mountain Floodplain Forest (CEGL006217) is found on the
large floodplains of major mid-Atlantic rivers over the most fertile alluvium (Appendix F). No
examples of Coastal Plain / Piedmont Small-Stream Floodplain Forest were quantitatively
sampled in Richmond National Battlefield Park because all examples were too disturbed. A
compositional summary of the association is presented in Appendix H, Table H5. This
association is found in four of the seven national parks in this study (Appendix D).

The nonriverine forest group is presented in Appendix G, Figures G15—-G17. Plot samples from
62 nonriverine forest plots cluster into four compositionally distinct groupings in the
dendrogram, the two-dimensional ordination, and the three-dimensional ordination (Appendix F,
Figures F7-F9). The associations show the most separation in terms of species composition
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along axis two of the ordinations (Table 10; Appendix G, Figure F17). Ordination scores were
not significantly correlated with available environmental data; however, as a group, these forests
have low values for soil chemistry variables, indicating acid soils with low fertility (Appendix
F). Only one association of this forest group, Non-Riverine Saturated Forest (CEGL004644), is
found in Richmond National Battlefield Park. A compositional summary for this association is
presented in Appendix H, Table H6. The three sample plots from Richmond National Battlefield
Park are compositionally typical for the association, having most of the nominal species and
many of the constant species. All three plot samples lack swamp chestnut oak (Quercus
michauxii), a parenthetical nominal, one plot lacks the nominal American holly, and another plot
lacks coastal sweetpepperbush (Clethra alnifolia). Non-Riverine Saturated Forest occurs in four
of the seven national parks included in this study. All four of the nonriverine forest associations
recognized in this analysis are uncommon to rare in the mid-Atlantic region and three are
globally rare (Appendix D).

In addition to the vegetation classes derived from quantitative analysis, other vegetation classes
used to describe the vegetation in the seven parks were developed from qualitative observations
in the parks. Many of these qualitatively-derived units were crosswalked to the USNVC
association level, while others were not appropriate for inclusion in the USNVC and were
described as nonstandard, park-specific vegetation classes. A total of 19 associations and 12
nonstandard park-specific vegetation classes representing disturbed or cultural vegetation were
recognized from the seven parks. Richmond National Battlefield Park has 12 of these cultural or
disturbed vegetation classes. Seven of these vegetation classes were crosswalked to the
association level of the USNVC and five represented vegetation that had no defined
classification in the USNVC. These five vegetation classes were given nonstandard, park-
specific names to describe the vegetation in Richmond National Battlefield Park. All vegetation
classes from the regional classification, their relationship to the USNVC, and their distribution
across all seven parks in this study are shown in Appendix D.

Vegetation Community Descriptions and Map Classes

Twenty-one map classes were used in the vegetation map for Richmond National Battlefield
Park. Map classes are equivalent to one or more vegetation classes from the regional vegetation
classification, or to a land-use class from the Anderson (Anderson et al. 1976) Level 11
classification system. Table 11 lists the 21 map classes used to map the park and shows the
relationships to standard classifications and to the regional vegetation classes developed for the
seven parks in this study. Thirteen of the 21 map classes were crosswalked to the finest level of
the USNVC (association). Five of the 21 map classes were described as nonstandard, park-
specific vegetation classes and three were crosswalked to the Anderson (Anderson et al. 1976)
Level II classification. Detailed local descriptions for each USNVC association or other map
class present at Richmond National Battlefield Park were written based on information collected
within the park boundary. All map classes crosswalked to the association level of the USNVC
include range-wide descriptions (i.e. global descriptions). Global descriptions of the USNVC
associations were extracted from the September 27, 2007 version of the USNVC (NatureServe
2007).
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Table 11. Vegetation-map classes and corresponding USNVC associations (NatureServe 2007) or other classification for Richmond

National Battlefield Park.

Map Class

[USNVC Association (association code)

Regional Vegetation or Land-use Class * (name source)

Acidic Oak - Hickory Forest

Quercus alba - Quercus rubra - Carya alba / Cornus
florida / Vaccinium stamineum / Desmodium
nudiflorum Piedmont Forest (CEGL008475)

Acidic Oak - Hickory Forest (Fleming et al. 2006)

Beaver Wetland Complex

Alnus serrulata Swamp Shrubland (CEGL005082)

Beaver Wetland Complex (park-specific name)

Coastal Plain Mixed Oak / Heath Forest

Quercus alba - Quercus falcata - (Carya pallida) /
Gaylussacia frondosa Forest (CEGL006269)

Coastal Plain Mixed Oak / Heath Forest (Fleming et al.
2006)

Coastal Plain / Piedmont Acidic Seepage

Swamp

Acer rubrum - Nyssa sylvatica - Magnolia virginiana
/ Viburnum nudum var. nudum / Osmunda
cinnamomea - Woodwardia areolata Forest
(CEGL006238)

Coastal Plain / Piedmont Acidic Seepage Swamp (Fleming
et al 2006)

Coastal Plain / Piedmont Small-Stream
Floodplain Forest

Liquidambar styraciflua - Liriodendron tulipifera /
Lindera benzoin / Arisaema triphyllum Forest
(CEGL004418)

Coastal Plain / Piedmont Small-Stream Floodplain Forest
(park-specific name)

Cultural Meadow Dactylis glomerata - Phleum pratense - Festuca spp. | Cultural Meadow (park-specific name)
- Solidago spp. Herbaceous Vegetation
(CEGL006107)
Forested Earthworks Not defined - nonstandard, park-specific vegetation | Forested Earthworks (park-specific name)

class

Loblolly Pine - Hardwood Forest

Pinus taeda - Liquidambar styraciflua Semi-natural
Forest (CEGL008462)

Loblolly Pine - Hardwood Forest (park-specific name)

Loblolly Pine Plantation

Pinus taeda Planted Forest (CEGL007179)

Loblolly Pine Plantation (NatureServe 2007)

Mesic Mixed Hardwood Forest

Fagus grandifolia - Quercus (alba, rubra) -
Liriodendron tulipifera / (llex opaca var. opaca)
/ Polystichum acrostichoides Forest
(CEGL006075)

Mesic Mixed Hardwood Forest (Fleming et al. 2006)

Non-Riverine Saturated Forest

Quercus (phellos, pagoda, michauxii) / llex opaca
var. opaca / Clethra alnifolia / Woodwardia
areolata Forest (CEGL004644)

Non-Riverine Saturated Forest (Fleming et al. 2006)

Non-Riverine Saturated Forest - pine

Not defined - nonstandard, park-specific vegetation

Non-Riverine Saturated Forest - pine subtype (park-specific

subtype class name)
Open Earthworks Not defined - nonstandard, park-specific vegetation | Open Earthworks (park-specific name)
class

Other Urban or Built-up Land

Not defined - Anderson land-use class

Other Urban or Built-up Land (17) (Anderson et al. 1976)

Residential

INot defined - Anderson land-use class

Residential (11) (Anderson et al. 1976)
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Map Class

[USNVC Association (association code)

Regional Vegetation or Land-use Class * (name source)

Successional Black Walnut Forest

Juglans nigra / Verbesina alternifolia Forest
(CEGL007879)

Successional Black Walnut (NatureServe 2007)

Successional Mixed Scrub

Not defined - nonstandard, park-specific vegetation
class

Successional Mixed Scrub (park-specific name)

Successional Red-cedar Forest

Juniperus virginiana Forest (CEGL006024)

Successional Red-cedar Forest (park-specific name)

Successional Shrub Swamp

Not defined - nonstandard, park-specific vegetation
class

Successional Shrub Swamp (park-specific name)

Successional Tuliptree Forest

Liriodendron tulipifera - Quercus spp. Forest
(CEGL007221)

Successional Tuliptree Forest (park-specific name)

Transportation, Communications, and
Utilities

INot defined - Anderson land-use class

Transportation, Communications, and Ultilities (14)
(Anderson et al. 1976)

*Equivalent to the Common name (Park-specific) as used in detailed descriptions in Appendix L.
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Detailed local and global descriptions of the USNVC associations are contained in Appendix I.
Local descriptions for other map classes (nonstandard, park-specific vegetation classes and land-
use classes) are also provided. The descriptions are indexed by the regional vegetation class or
land-use class name. Representative photographs of the vegetation classes are provided after the
descriptions. Photographs were taken by VADNH staff unless otherwise indicated. A
bibliography for the sources cited in the global vegetation descriptions from the USNVC is also
provided in Appendix L.

Fields used in the local and global descriptions are defined in Appendix J. Each USNVC
association is also crosswalked to the state classification for Virginia (Fleming et. al 2006). The
state conservation rank (S Rank), global conservation rank (G Rank), and classification
confidence for state and global classifications are included in the descriptions. Definitions of the
conservation ranks are listed in Appendix E.

The dichotomous key to the vegetation-map classes of Richmond National Battlefield Park is
presented in Appendix K. The dichotomous key should be used in conjunction with the detailed
vegetation descriptions.

Vegetation Map Production

The final vegetation map for Richmond National Battledfield Park is shown in Figures 8 and 9
and a summary of the map class distribution and abundance is provided in Table 12. The
mapping boundary was based on park boundary data obtained from Richmond National
Battlefield Park in June 2004. The vegetation map was clipped at the park boundary because
areas outside the park were not surveyed or included in the accuracy assessment.

Polygons that are attributed with Anderson Level II class 14 (Transportation, Communication,
and Utilities) are further attributed in the comment field of the vegetation map attribute table to
identify what finer feature they represent (transportation, utility corridor, maintained roadside).
Other Urban or Built-up Land polygons are further distinguished in the comment field of the
map attribute table if they represent a forested developed area. Particularly disturbed examples
of Acidic Oak - Hickory Forest that do not have the typical species composition and diversity are
labeled as disturbed in the comment field of the vegetation map attribute table.

A field was included in the map attribute table to indicate which United States Fish and Wildlife
Service (USFWS) wetland system (Sensu Cowardin et al. 1979) a map class represents.
Polygons representing wetland formations (i.e. those with hydrologic modifiers of temporarily
flooded, seasonally flooded, and saturated in the formation name) are tagged to the appropriate
system in the USFWS wetland classification. Polygons representing vegetation that is not
classed as a wetland have the value of “upland” in this field. Maps of polygons representing the
wetland map classes are shown in Figures 10 and 11. These maps do not show jurisdiction
wetlands, but rather the distributions of wetland map classes with USNVC formations containing
wetland modifers. The hydrology of the map class may not represent the hydrology on the
ground and small areas of wetlands may be included within polygons classed as upland. All
wetland map classes in Richmond National Battlefield Park fall into the Palustrine System of the
USFWS wetland classification.
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Figure 8. Vegetation and Anderson Level II map classes for Richmond National Battlefield
Park, Fort Harrison and Malvern Hill.
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Table 12. Number of polygons, total mapped hectares (acres), and number of quantitative plots
sampled for 21 vegetation-map classes at Richmond National Battlefield Park.

Total Total Number

Number mapped mapped of plots

Map class of polygons | hectares acres sampled
Acidic Oak - Hickory Forest 14 45.2 111.6 2
Beaver Wetland Complex 6 48.9 120.8 0
Coastal Plain / Piedmont Acidic Seepage Swamp 7 9.1 22.4 2
Coastal Plain / Piedmont Small-Stream Floodplain Forest 5 4.1 10.1 0
Coastal Plain Mixed Oak / Heath Forest 10 70.9 175.1 2
Cultural Meadow 18 81.2 200.7 0
Forested Earthworks 11 25.0 61.7 0
Loblolly Pine - Hardwood Forest 12 383 94.7 0
Loblolly Pine Plantation 3 38.9 96.2 0
Mesic Mixed Hardwood Forest 20 81.0 200.1 2
Non-Riverine Saturated Forest 6 26.8 66.1 3
Non-Riverine Saturated Forest - pine subtype 4 5.8 14.3 0
Open Earthworks 4 4.7 11.6 0
Other Urban or Built-up Land 8 9.2 22.7 0
Residential 15 4.2 10.3 0
Successional Black Walnut Forest 1 0.6 1.6 0
Successional Mixed Scrub 3 3.2 7.8 0
Successional Red-cedar Forest 2 1.0 24 0
Successional Shrub Swamp 1 0.5 1.4 0
Successional Tuliptree Forest 13 48.3 119.4 0
Transportation, Communications, and Utilities 22 19.5 48.2 0
TOTAL 185 566.3 1,399.2 11
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Figure 10. Distribution of wetland vegetation-map classes in Richmond National Battlefield Park, Fort Harrison and Malvern Hill.
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Figure 11. Distribution of wetland vegetation-map classes in six units of Richmond National Battlefield Park.
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Accuracy Assessment

Positional Accuracy

The final horizontal positional accuracies of the leaf-on and leaf-off mosaics are 1.098 meters
and 1.327 meters, respectively, both of which meet the Class 1 National Map Accuracy Standard
(FGDC 1998b). A copy of each spreadsheet, containing the x and y coordinates for each ground
control point and the accuracy calculation formula, is included in the NCSU-CEO data archive.

Thematic Accuracy

The results of thematic accuracy assessment for the vegetation map were calculated with a
contingency matrix (Table 13). The Kappa Index for the vegetation map was 84.4%+10.2%,
with an overall accuracy of 85.9%. This meets the USGS-NPS VMP requirement of 80%. Four
classes have errors of omission that fall below 80%; Coastal Plain Small-Stream Floodplain
Forest (50%), Mesic Mixed Hardwood Forest (72.7%), Successional Mixed Scrub (50%), and
Successional Tuliptree Forest (75%). Errors of omission are errors in classifying the accuracy
assessment observation and represent the probability that the ground samples have been classed
correctly. Examination of the errors associated with each observation shows that they can be
attributed to below minimum mapping unit inclusions of other vegetation types within the target
polygons or to the difficulty of assigning a vegetation classification to very disturbed, transitional
vegetation. Where errors were due to difficulty in distinguishing compositionally similar
vegetation types, field keys and vegetation descriptions were modified to better make these
distinctions. The overall rarity of most classes lead to small sample sizes, which also contributed
to the high errors of omission.

Errors of commission are map errors and denote the probability that the mapped vegetation
associations represent the associations actually found on the ground. The error of commission
for 10 of the 13 map classes that were assessed exceeds the USGS/NPS Vegetation Mapping
Protocol requirement of 80% (Table 13). Three map classes have errors of commission that fall
below 80%; Coastal Plain Small-Stream Floodplain Forest (50%), Successional Mixed Scrub
(50%), and Successional Tuliptree Forest (66.7%). One area mapped as Coastal Plain Mixed
Oak / Heath Forest had an accuracy assessment observation classed as Acidic Oak - Hickory
Forest. A polygon mapped as Mesic Mixed Hardwood had an accuracy assessment observation
classed as Successional Tuliptree Forest. One area mapped as Successional Tuliptree Forest had
an accuracy assessment observation classed as Coastal Plain / Piedmont Small-Stream
Floodplain Forest, and another was classed as Coastal Plain Mixed Oak / Heath Forest. Some of
these errors may be due to the difficulty of distinguishing deciduous types on aerial photography,
since the deciduous signatures are virtually identical. Other errors may be due to the
compositional similarity of some types (i.e. Acidic Oak - Hickory Forest vs. Coastal Plain Mixed
Oak / Heath Forest, or Successional Tuliptree Forest vs. disturbed Coastal Plain / Piedmont
Small-Stream Floodplain Forest) and the difficulty of classifying some stands in the field.
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Table 13. Contingency matrix and calculated errors for the thematic accuracy assessment of the vegetation map for Richmond

National Battlefield Park. Gray cells show the number of sampling points that were correct.

Mapped Vegetation Class (Reference Data)

(Coastal Plain / Piedmont Acidic Seepage Swamp

(Coastal Plain / Piedmont Small-Stream Floodplain Forest

INon-Riverine Saturated Forest - pine subtype

2 st
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Accuracy Assessment Observation < A o 3 3 = Z 2 2 a2 |5 5
Acidic Oak - Hickory Forest 9 1 1 11| 81.8%
Beaver Wetland Complex 5 1 6 | 83.3%
Coastal Plain / Piedmont Acidic Seepage Swamp 6 | 100.0%
Coastal Plain / Piedmont Small-Stream Floodplain Forest 1 1 2 | 50.0%
Coastal Plain Mixed Oak / Heath Forest 8 1 1 10| 80.0%
Loblolly Pine - Hardwood Forest 4 4 | 100.0%
Loblolly Pine Plantation 3 | 100.0%
Mesic Mixed Hardwood Forest 8 8 | 100.0%
Non-Riverine Saturated Forest 6 6 | 100.0%
Non-Riverine Saturated Forest - pine subtype 3 3 | 100.0%
Successional Mixed Scrub 1 1 2| 50.0%
Successional Red-cedar Forest 1 | 100.0%
Successional Tuliptree Forest 1 1 1 6 9| 66.7%
Grand Total 9 5 6 2 9 5 11 7 3 2 8 |71
Error of Omission (Percent Correct) 100.0%100.0%| 100.0% [ 50.0% | 88.9% | 80.0% 72.7% | 85.7% 100.0% | 50.0% 75.0%
Total points correct 61
Overall Accuracy 85.9%
Kappa Index 84.4%
90% Confidence Interval 10.2%
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Project deliverables

Final products of the vegetation mapping project are shown in Table 14. All products have been
delivered to the National Park Service by the Virginia Department of Conservation and
Recreation, Division of Natural Heritage, with this report, or at an earlier date by NCSU-CEO.

Table 14. Summary of products resulting from the classification and mapping of vegetation at
Richmond National Battlefield Park.

FGCD-complaint

Product spatial metadata
Park orthophoto mosaics (leaf-on and leaf-off) Yes

Vegetation plot sampling data in the PLOTS 2.0 database Not applicable
Vegetation plot point data (ArcView shapefile) Yes

Thematic accuracy assessment sampling points (ArcView shapefile) Yes

Digital photos representative of vegetation types Not applicable
Association-level vegetation polygon map Yes

Final report with vegetation keys and descriptions in digital and hardcopy format  Not applicable
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Discussion

Vegetation Classification and Characterization

A comprehensive regional analysis resulted in the classification of over 100 USNVC
associations, spanning nearly all major physiographic provinces in the region. Thirty-five of the
associations are represented in the seven national parks included in this study. An additional 19
associations and 12 nonstandard, park-specific classes representing disturbed, cultural, or exotic
vegetation were also recognized from the seven parks. This study at Richmond National
Battlefield Park identified and characterized 21 map classes, representing 13 USNVC
associations, three Anderson Level II land-use classes (Anderson et al. 1976), and five
nonstandard, park-specific vegetation classes (Table 11).

At the end of the United States Civil War, much of the land that today is Richmond National
Battlefield Park was deforested for agricultural or military reasons. In the intervening years,
these same areas have undergone natural reforestation and now support forests in various states
of succession. In addition, recent land-use history and ongoing management to maintain the
historical and cultural landscape of the United States Civil War has significantly influenced the
vegetation in the park today. Early successional or transitional vegetation and cultural map
classes cover over 57% of the land in Richmond National Battlefield Park.

Early successional or transitional vegetation alone covers 32% of the land in the park (180 ha
[444 ac]). This vegetation is the result of relatively recent (20—80 years) abandonment of pine
plantations and fields, or tree canopy removal by disturbances such as pine bark beetle
infestation, wind, beaver activity, timber harvests, or other silvicultural practices. The upland
stands are dominated by early successional, weedy tree species in the canopy and subcanopy, and
can have high cover of nonnative plants in the shrub and herbaceous layers. Beaver-disturbed
areas typically occur as semipermanently flooded habitat variously dominated by trees, shrubs,
herbs, or open water. All these map classes are rapidly changing in species composition and
vegetation structure. In the absence of beaver and nonnative plant species invasions, these stands
would eventually succeed into one of the later successional forest types mapped in the park.

Map classes representing early successional or transitional vegetation are Beaver Wetland
Complex, Loblolly Pine - Hardwood Forest, Loblolly Pine Plantation, Successional Black
Walnut Forest, Successional Mixed Scrub, Successional Red-cedar Forest, Successional Shrub
Swamp, and Successional Tuliptree Forest. These map classes are described in Appendix 1.

Cultural map classes cover almost 25% of the park’s acreage (144 ha; 355 ac). Cultural Meadow
is the most common cultural map class in the park, covering 25 ha (62 ac). Cultural Meadow
includes all mowed or maintained fields and agricultural leases in the park. Most of the cultural
meadows are managed to maintain the open fields characteristic of Civil War battlefields. Other
cultural map classes include Forested Earthworks, Open Earthworks, Other Urban or Built-up
Land, Residential, and Transportation, Communications, and Utilities. These map classes are
described in Appendix I.

Late successional deciduous forests and forested wetlands are found on the remaining 43% of
park land. In the context of this study, late successional forests are relatively mature forests
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found in the least disturbed areas in the park. These native vegetation associations or “natural
communities” have the most stable species composition with a greater diversity of native flora
than other map classes representing transitional, disturbed, or cultural vegetation. Seven map
classes represent late successional vegetation and together they cover 243 ha (600 ac). The
seven map classes can be broadly characterized based on different environmental settings as
upland forests (3 map classes) and forested wetlands (4 map classes).

Three upland forest map classes that represent later successional vegetation cover 197 ha (487
ac) or just over 35% of park land in areas that have not been converted to pine forests or other
transitional vegetation. The most common upland forest map class is Mesic Mixed Hardwood
Forest which covers 14% (81 ha [200 ac]) of the park land and is found on mesic lower slopes
and ravines throughout Richmond National Battlefield Park. Some of the forested areas in
Richmond National Battlefield Park mapped as Successional Tuliptree Forest may have been
Mesic Mixed Hardwood Forest prior to canopy removal. Mesic Mixed Hardwood Forest is a
common and widespread community in the Mid-Atlantic Piedmont and Coastal Plain and was
documented in five of the seven parks in this study.

Coastal Plain Mixed Oak / Heath Forest covers 12.5% (71 ha [175 ac]) of the park land and is
found on xeric upland flats and gentle slopes over sandy, well-drained, infertile soils. The
majority of Coastal Plain Mixed Oak / Heath Forest is mapped at Cold Harbor, where the forest
is managed with prescribed fires. Smaller stands of Coastal Plain Mixed Oak / Heath Forest are
found at Fort Harrision, Malvern Hill, and Parker’s Battery. Coastal Plain Mixed Oak / Heath
Forest is a common and widespread community in the Coastal Plain and eastern Piedmont of
Virginia, where it often forms the matrix forest. It was documented in three of the seven parks in
this study.

Acidic Oak - Hickory Forest is mapped at Fort Darling, Fort Harrison, and Malvern Hill.

Typical expressions of this association are dominated by oaks and hickories (Carya spp.) with
flowering dogwood (Cornus florida) and a large number of low-cover, dry-mesophytic herbs.
Species-richness can exceed 80 taxa per 400 m” on undisturbed sites where deer or invasive
nonnative plants are not problematic. Of the 45.1 ha (111.6 ac) mapped as Acidic Oak - Hickory
Forest in Richmond National Battlefield Park, only about 15 ha (37 ac) have typical species
composition. The remaining 30 ha (74 ac) are atypical, either from past land use, deer browse,
or recent wind disturbance. In sample plots from typical, undisturbed stands of Acidic Oak -
Hickory Forest in the park, species richness ranged from 32-62 species per 400 m” plot.
Throughout the mid-Atlantic region, American beech, American holly, and red maple (Acer
rubrum) are heavily invading the understories of some stands of this type, likely due to the
exclusion in recent decades of fires, logging, and other disturbances that favor oak regeneration
(Orwig and Abrams 1994; Abrams and Copenheaver 1999). As a result, these stands appear to
be succeeding to a more mesic forest composition, as is the case in some portions of Richmond
National Battlefield Park. Acidic Oak - Hickory Forest ranges through the Piedmont of the
Carolinas and Virginia, north into south-central Maryland. It is not a rare community type
(G4G5), but extensive stands and stands older than about 80 years old are uncommon, since most
of the rolling upland landscapes of the Piedmont have been logged more than once since
European settlement or converted to pine plantations. The association is one of the most
common later-successional forest types in the Piedmont, occurring as a matrix forest in the
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southern portion of its range, and a matrix or large-patch forest northward into Virginia. Acidic
Oak - Hickory Forest was mapped in six of the seven parks included in this study.

Forested wetlands cover 8% (45.7 ha [112.9 ac]) of the park area and include four map classes.
The majority of the forested wetlands in the park (32.5 ha [80.4 ac]) is mapped as Non-Riverine
Saturated Forest or Non-Riverine Saturated Forest - pine subtype at Chickahominy Bluff, Fort
Harrison, and Malvern Hill. The examples of Non-Riverine Saturated Forest at Richmond
National Battlefield Park are on ancient river terraces of the James and Chickahominy rivers, and
most of the acreage has been impacted by historic anthropogenic activities, such as logging and
ditching, and current hydrological changes from beaver activities. The stands in the park are
surrounded by cultural and semi-natural vegetation and are isolated from a functioning natural
landscape. Most areas mapped as Non-Riverine Saturated Forest are largely young tree
regeneration with extensive areas of nonnative species. However, there are small, isolated areas
with large individuals of hydric oak species and highly representative species composition for
the association. Willow oaks (Quercus phellos) greater than 1.0 m (3.3 ft) in diameter were
recorded from Chickahominy Bluff, and many cherrybark oaks (Quercus pagoda) at Malvern
Hill measured over 80 cm (31.5 in) diameter. Non-Riverine Saturated Forest is restricted to
extensive, flat terraces and very wide, ancient floodplains that are no longer subject to alluvial
processes, but are seasonally flooded due to a high water table. These specialized wetland
habitats were probably never common on the landscape. Non-Riverine Saturated Forest is only
known from about 25 sites in 13 counties in Virginia and it may range into Maryland. Much of
the suitable habitat for the association has been lost to agriculture, hydrologic alterations, and
conversion of hardwood forests to silvicultural pine plantations.

Non-Riverine Saturated Forest - pine subtype includes forested wetlands that are dominated by
Pinus taeda (loblolly pine) and larger than 0.5 ha (1.23 ac) in size. This map class is considered
a physiognomic/early succesional variant of Non-Riverine Saturated Forest and occurs on sites
that have been clearcut or otherwise heavily disturbed in the past. Non-Riverine Saturated Forest
- pine subtype typically occurs as large evergreen patches within the mostly deciduous Non-
Riverine Saturated Forest. They tend to be much less diverse than the deciduous phase of this
forest.

Several isolated headwater wetlands totaling 9 ha (22.4 ac) in Cold Harbor, Malvern Hill, and
Forest Harrison support a forested wetland mapped as Coastal Plain / Piedmont Acidic Seepage
Swamp. Small areas of this community below minimum mapping unit may occur elsewhere
throughout the park, where otherwise upland forest polygons cross small drainages. Coastal
Plain / Piedmont Acidic Seepage Swamp is an uncommon (G3?) wetland habitat, scattered in the
Coastal Plain from southeastern New York and New Jersey to southeastern Virginia. Habitats
supporting this community type are characterized by the abundant discharge of groundwater into
small, braided stream bottoms, keeping the ground saturated throughout the growing season.
Several uncommon odonates (dragonflies and damselflies) depend on forested seeps for breeding
habitat. Throughout its range, Coastal Plain / Piedmont Acidic Seepage Swamp is threatened by
beaver activities, agricultural pollutants, hydrologic disturbances, and logging. Because of their
isolated hydrology and small size, these forested wetlands are often exempt from protective
wetland regulations and much of the habitat throughout its range is vulnerable to destruction by
indirect development impacts such as siltation, canopy removal, and subsequent nonnative
species invasions.

68




USGS-NPS Vegetation Mapping Program
Richmond National Battlefield Park

Small areas totaling 4 ha (10 ac) at Beaverdam Creek, Chickahominy Bluff, Malvern Hill, and
Watt House are mapped as Coastal Plain / Piedmont Small-Stream Floodplain Forest. Forests of
this map class occur over deep, sandy alluvial soils that are subject to occasional, brief flooding,
typically once or twice a year. The deep, moist, well-drained soils are highly susceptible to
nonnative species invasion, thus, it is important not to site trails and roads in the active
floodplain and to mitigate impacts from surrounding development. The examples of this forest
in the park are highly disturbed and have herb strata dominated by nonnative invasive plants.
Much of the area that formerly supported this community has been altered by beaver activity and
is now mapped as Beaver Wetland Complex. Coastal Plain / Piedmont Small-Stream Floodplain
Forest is a relatively common association (G4), but high quality, undisturbed examples are rare.
It is widespread from the Coastal Plain of Maryland and Virginia through the Piedmont of
Virginia and North Carolina to the Cumberland Plateau. Coastal Plain / Piedmont Small-Stream
Floodplain Forest was mapped in four of the seven parks included in this study.

Of the 21 map classes used to map the vegetation at Richmond National Battlefield Park, six are
natural communities as defined in the Natural Communities of Virginia
(http://www.dcr.virginia.gov/natural _heritage/nctoc.shtml): Acidic Oak - Hickory Forest,
Coastal Plain / Piedmont Acidic Seepage Swamp, Coastal Plain / Piedmont Small-Stream
Floodplain Forest, Coastal Plain Mixed Oak / Heath Forest, Mesic Mixed Hardwood Forest, and
Non-Riverine Saturated Forest. Exemplary occurrences of these communities are tracked by
Virginia’s Department of Conservation and Recreation, Division of Natural Heritage. In order to
be considered an exemplary occurrence, stands have to meet strict type-specific criteria of size,
condition, and landscape context. All globally rare (G1 or G2) or state rare (S1 or S2)
communities are tracked, regardless of their size, condition, and landscape context. A portion of
the area mapped as Coastal Plain / Piedmont Acidic Seepage Swamp in Cold Harbor met the
criteria and is considered a Natural Heritage exemplary natural community occurrence. The
other five natural communities in the park do not meet the criteria, but these native plant
associations are an important part of the park’s natural resources and should be targets for
conservation and management. Even though Non-Riverine Saturated Forest has a conservation
rank of G2?, the areas mapped as this community in Richmond National Battlefield Park were
not considered exemplary natural community occurrences because the global conservation rank
of this association is currently under review for a rank change to G3. As a G3 community, the
examples in the park would not meet the criteria to be considered exemplary.

Invasive nonnative plant species are one of the main threats to the native vegetation associations
at Richmond National Battlefield Park. Ten nonnative plant species were noted in the
quantitative plots and accuracy assessment observations. Cultural and early successional map
classes had the most diversity of nonnative plant species. Of the other map classes, forested
wetlands had the highest cover by invasive, nonnative species. The most common and
problematic species include Japanese honeysuckle (Lonicera japonica) and Nepalese browntop
(Microstegium vimineum). These species are particularly troublesome because of their shade
tolerance and aggressive growth habits. These species can be opportunistic invaders of the older,
more intact forest communities, getting a foothold where roads, trails, tip-up mounds, downfalls,
and other gap-disturbances have disturbed mineral soil. Once established, colonies are able to
more easily expand or spread into nearby microhabitats.
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Japanese honeysuckle is especially destructive to native vegetation because of its rapid, twining
growth and dense, semi-evergreen foliage that shades out competitors. Its vines frequently
strangle shrubs and tree saplings, and over-grow more delicate herbs in a variety of settings.
Nepalese browntop is the fastest spreading, most problematic exotic everywhere in Virginia
today. Within the past two decades, it has abundantly invaded moist, openly shaded habitats
throughout the mid-Atlantic region, forming monospecific carpets of tangled culms that tend to
crowd out competing herbaceous species (Tu 2000). A recent study strongly suggests that
Nepalese browntop responds to forest canopy disturbances with a sudden increase in biomass
that impedes woody regeneration and lowers overall species diversity and stem densities (Oswalt
et al. 2007). Other studies have demonstrated that once established, Nepalese browntop over-
runs native herbaceous competitors and leads to dramatic declines of herb richness within a few
years (Barden 1987; Hunt and Zaremba 1992).

Other highly invasive nonnative species noted in the park include tree of heaven (Ailanthus
altissima), Chinese privet (Ligustrum sinense), and wartremoving herb (Murdannia keisak).
Also noted were English ivy (Hedera helix), Princesstree (Paulownia tomentosa), and oriental
ladysthumb (Polygonum caespitosum var. longisetum), which are considered moderately
invasive by the Virginia Department of Conservation and Recreation (VADCR 2003).

Vegetation Map Production

The final map for Richmond National Battlefield Park depicts 21 map classes. Thirteen map
classes are crosswalked to USNVC vegetation associations, five are nonstandard, park-specific
vegetation classes, and three are Anderson land-use classes. Each polygon representing a
USNVC association was attributed with the appropriate USNVC formation and alliance based on
the hierarchy of the USNVC. The final map table includes eight formations and 13 alliances.

The Kappa index for the final vegetation map meets the USGS-NPS VMP protocol requirement
of 80%. Errors of commission and omission reported for four map classes fall below the USGS-
NPS VMP protocol requirement of 80%. Examination of the errors associated with each
observation shows that they can be attributed to below minimum mapping unit inclusions of
other vegetation types within the target polygons or to the difficulty of assigning a vegetation
classification to very disturbed, transitional vegetation. Additionally, some of the mapping
errors may have been due to the difficulty of distinguishing deciduous types on aerial
photography, since many deciduous signatures are virtually identical.

The final vegetation map is based on aerial photography that was flown in February 2002. Since
that time, the vegetation in the park has continued to change. In September 2003, Hurricane
Isabel altered the mapped vegetation in many areas of the park. Since 2001, forested areas at
Watt House and Malvern Hill were cleared to create open fields. The temporal progression of
early successional forest types will continue to alter the mapped vegetation, as will the park’s
ongoing management of invasive species. Despite these changes, the vegetation map produced
by this project provides crucial baseline data for the park resource managers.
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Recommendations for Future Projects

Invasive nonnative plant species are the main threat to the native vegetation associations at
Richmond National Battlefield Park and, in most cases, represent species that were not present in
the historical landscapes of the Civil War. Continued monitoring and management of invasive
species in and around all the natural communities in the park should be a priority for the park’s
resource managers. Control of invasive nonnative species on forest edges and along trails and
roads can help prevent new invasions. The most common and problematic species include
Japanese honeysuckle and Nepalese browntop. Dormant season herbicide application can be
effective in treating Japanese honeysuckle infestations, but timing is critical. As a rule, foliar
application of 1.5% glyphosate (€.g., Roundup) after the first killing frost and before the first hard
frost is most effective (Nuzzo 1997). The annual Nepalese browntop is a prolific seed-producer,
and seed banks can persist for at least five years (Tu 2000). Control of the species can be very
labor intensive (i.e., hand-pulling) or destructive to non-target plants (i.e., herbicide application).
Since the species can germinate following early season removal, removal two or more times a
season to more quickly deplete the seed bank has shown promise as a technique for discrete,
high-priority sites (TNC, Maryland Field Office, Mary Travaglini, Invasive Species Biologist,
pers. comm., 2007). Twelve species of fungi and eight arthropod species are reported as natural
enemies of Nepalese browntop in Asia, but no biological controls are currently available (Zheng
et al. 2006) for use in the United States. Eradication of the species from large sites where it is
well established is not a realistic goal with the tools now available. However, reducing
populations to manageable or non-invasive levels, especially in rare habitats and vegetation
types, should be a high priority for the National Park Service. While not a long-term solution,
keeping Nepalese browntop in check while effective biological controls are developed is the best
strategy available at present and is critical to avoiding drastic declines in biodiversity and forest
health in the near future.

The protection of the significant wetland community at Cold Harbor should be a priority for park
managers. Coastal Plain / Piedmont Acidic Seepage Swamp communities are fed by generous
quantities of nutrient-poor groundwater seepage. Clearcutting, site clearing, road construction,
and other development actions are potential sources of groundwater perturbation, erosion, run-
off, and siltation which could threaten this community. Outright destruction of these wetlands by
beaver impoundments and related flooding is also a possible threat. Maintenance of requisite
habitat conditions requires protection of upslope hydrologic recharge zones and sufficient buffer
to ensure the quality and quantity of both groundwater seepage and surface water. Road
construction, timber harvest, and other ground-disturbing activities should be avoided within the
watershed containing these wetlands. While beaver-related flooding is not a current threat to the
Cold Harbor wetlands, beaver activities should be closely monitored within the site and, when
necessary, actions to deter and prevent additional expansion of the beaver population should be
taken. Options to control impacts from beaver populations include the use of drain pipe
modifications and/or electrified barriers at critical dam and culvert areas, as well as regulated
harvest trapping and nuisance trapping as permitted in and around the park.
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