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Abstract

The grasslands and meadows of Valley
Forge National Historical Park cover 541 ha
(1,340 acres), nearly 44% of the total park
area. This is one of the largest areas of
permanently maintained but uncultivated,
upland, herbaceous vegetation in the Mid-
Atlantic Region. Uncultivated grasslands and
meadows are increasingly gaining recognition
as vital habitats for many native plants and
animals at the same time as they are becoming
scarcer and the species that depend on them
are undergoing alarmingly rapid declines.
However, present conditions in the fields are
ecologically marginal; they are dominated by
nonnative, invasive plant species, which are of
low value as food for insects and thus support
low biomass, low diversity, low numbers, and
low population viability of wildlife species
throughout the food web, relative to grasslands
and meadows dominated by native plants. The
challenges of specifying a desired condition
for these lands include staying true to the main
historical mission of the park and accurately
describing historical species assemblages that
until now have been neglected as a subject of
research in historical ecology and community
classification.

Fully authentic historical reconstruction of
the fields for the historical period
commemorated by the park would require a
large-scale farming operation, which in
practical terms would entail soil tilling and the
application of manure or other fertilizer and
perhaps herbicides and pesticides, practices
that would violate the National Park Service’s
commitment to conserving soil, water quality,
habitat for native wildlife, and the integrity of
native plant communities. However, fallow
fields dominated by native species are
historically authentic for the commemorated
period given the farming practices of that era.
Undertaking native grassland and meadow
reclamation in the fields of Valley Forge
National Historical Park will, in effect, boost

the proportion of native-species-dominated
fallow fields from the estimated eighteenth-
century average of 17%-33% to near 100%. In
so doing, the National Park Service will:

* create a regionally significant core area of
high-quality wildlife habitat of a type that
has undergone severe decline

* strengthen the population viability of nearly
40 imperiled or declining plant and animal
species recently confirmed as present in the
park’s grasslands and meadows and
potentially, through translocation of local
genotypes, more than 50 other species of
special concern recorded historically at
Valley Forge or present in remnant
populations nearby

* provide opportunities to safeguard wildlife
species imperiled by climate change, habitat
fragmentation, habitat loss or other causes
through “assisted migration” and
establishment of new populations

 enhance ecosystem resilience to the likely
effects of climate change, including higher
temperatures, greater variability in
precipitation, and longer droughts

* provide the best available deterrence against
soil erosion (maintaining the integrity of
soil-situated archaeological remains and
protecting stream- and groundwater quality
in the process)

* lessen the park’s impact on neighboring
ecosystems, as a source of invasive plant
species’ seeds

* reduce the “carbon footprint” of park
operations

In addition, converting the fields to native
grassland and meadow vegetation has the
potential to significantly enhance other park
values, including historical authenticity,
interpretive opportunities, and aesthetics,
compared with present conditions.






Introduction

1.1 Purpose

The purpose of the analysis
presented in this document is to develop
specific, measurable desired condition
objectives for grasslands and meadows at
Valley Forge National Historical Park
(VAFO). Desired conditions are measurable,
quantitative descriptions of the states of
various resources that will indicate success in
achieving management goals, including the
restoration and maintenance of ecological
integrity. They include a range of target values
for various indicators of resource condition
and for key factors in maintaining resources
within those ranges. Identifying desired
conditions begins with our best understanding
of the state of the environment before
European settlement and takes into account
constraints imposed by subsequent changes,
such as species extinction and extirpation,
habitat fragmentation and isolation, soil
modification, introduction of nonnative
organisms, and shifting climate.

Grasslands and meadows have unique
significance for biological diversity
conservation. Worldwide, the ratio of area
destroyed to area protected is ten to one for
temperate grassland and shrubland, five times
higher than for the tropical rainforest
(Hoekstra et al. 2004). The situation is even
worse in eastern North America, where native
grasslands have been under extreme pressure
for more than 300 years and most were
converted long ago to agricultural, residential,
commercial and other uses. Half of Pennsyl-
vania’s grassland bird species are classified as
endangered, threatened or candidates at risk
and nearly all have undergone serious declines
in recent decades. Of the Lepidoptera species
classified as endangered, threatened or rare in
the state, at least 74% of butterflies and 38%
of moths are known to depend in part or
wholly on grassland and meadow habitats
(Latham and Thorne 2007). Counterintuitively,
in regard to carbon dioxide cycling and global

climate change, temperate zone grasslands
sequester as much organic carbon per unit of
land area as forests, substantially more than
croplands and other agroecosystems (Gibson
2009). More details on the conservation
significance of grassland and meadow
ecosystems are given in Appendix A (p. 129).

Desired condition analysis is an important
component of the science-based approach to
ecosystem management promoted by the
National Park Service, U.S. Forest Service,
and other conservation agencies and
organizations (Eckert 2009). The process ties
together adaptive resource management,
ecological restoration, master planning,
ecosystem monitoring and outcomes
assessment. A desired condition analysis is a
qualitative and quantitative description of
ecosystem attributes that are expected to be
present at some point in time as an outcome of
deliberate management policies, strategies and
practices. An ecosystem attribute is defined as
any living or nonliving feature or process of
the environment that can be measured or
estimated and that provide insights into the
state of the ecosystem. A desired condition is
not an attempt to return to the past, but takes
into account both what is known about pre-
degradation conditions and important
influences that have been added or taken away
since European settlement and are beyond
managers’ ability to control.

The grasslands and meadows of VAFO
comprise one of the largest areas of
permanently maintained but uncultivated,
upland, herbaceous vegetation in the Mid-
Atlantic Region. The park encompasses 1,293
ha (3,195 acres)* altogether and grasslands
and meadows cover 541 ha (1,340 acres) in
large expanses and scattered fragments,

* Excludes 102 ha (253 acres) of privately owned
inholdings and 17 ha (41 acres) around the
Washington Memorial Chapel—areas surrounded by,
but not a part of, VAFO.



accounting for 42% of the total park area. This
is a sizeable fraction of the area that was in
cropland and pasture at the time of the 1777—
1778 winter encampment by George
Washington’s troops. Uncultivated grasslands
and meadows are gaining recognition as vital
habitats for many native plants and animals at
the same time as they are becoming scarcer
and the species that depend on them are
undergoing alarmingly rapid declines.

These lands have been maintained against
the process of natural succession since the
eighteenth century, first by the resumption of
farming after the military encampment and
then through modification of the existing
agricultural landscape into a stylized
commemorative landscape during the park era
(1893—present) (National Park Service 2007).
In 1991, the park implemented a Field
Management Plan that resulted in the park-
wide establishment of “tallgrass meadows”—
areas dominated by herbaceous plants that are
mowed no more often than once or twice a
year, regardless of the height of the vegetation
(see grassland, meadow and definition 2 of
tallgrass in Glossary). The primary goal of
this plan was to mimic the appearance of
small-grain agriculture, reminiscent of the
landscape as it was in the eighteenth century.
In 2007, the park completed a new General
Management Plan (GMP) (National Park
Service 2007), which established goals for
land management in the park that differ
somewhat from earlier plans. Preserving
historical resources and providing visitors with
a sense of the eighteenth-century agricultural
landscape will continue to play a role in
deciding how to manage the park’s fields;
however, the primary park mission goal that
will guide future grassland and meadow
management states:

Significant resources (cultural resources
including landscapes, buildings,
monuments, structures, archeological sites,
artifacts and archives and natural resources

including biological, geological, water,
and air resources) are preserved,
rehabilitated, or restored; maintained in
good condition; and managed within the
broader ecosystem and cultural context.
The NPS contributes to knowledge about
natural and cultural resources and
associated values. Management decisions
about these resources as well as about
visitor use are based on adequate scholarly
and scientific information [National Park
Service 2007]

Relevant park management objectives
linked to this goal are:

* Biological resources are managed to
preserve and restore natural abundances,
diversities, dynamics, and distributions of
native plants and animal populations
within forested and other naturally
occurring communities. In naturally
occurring communities where species
populations occur in unnaturally high or
low concentrations as a result of human
influences or extirpation of predators, and
such occurrences cause unacceptable
impacts on natural resources and natural
processes, biological and physical
remedial actions would accelerate natural
recovery.

* Meadows are managed to enhance their
high habitat values [National Park Service
2007]

These goals and objectives give a coarse-
scale overview of desired conditions for the
park’s grasslands and meadows. The present
document itemizes specific, measurable
desired conditions at a finer scale. It identifies
both existing and desired conditions in the
park’s grasslands and meadows and will serve
as the foundation for strategies to narrow the
gap between the two. Methods to achieve the
desired grassland/meadow conditions and
other park management objectives will be
developed in detail and implemented through a
revised Field Management Plan.



1.2 Scope

This document is a statement of science-
based goals, rationales for those goals, and
measurable outcomes for the restoration and
adaptive management of VAFO’s grasslands
and meadows. The scope of the desired
condition analysis encompasses:

* reviewing the natural history and
conservation significance of native
grasslands and meadows in the “Greater
Piedmont” (see Figure 1) and in the wider
Mid-Atlantic Region, focusing particularly
on grassland birds and butterflies and rare or
declining native species of plants and other
grassland and meadow wildlife

» compiling historical documents, herbarium
records, descriptions of reference sites, and
other sources of information on native
grassland and meadow flora and fauna in
Valley Forge and the surrounding ecoregion
pertinent to identifying ranges of target
values for desired conditions

» compiling pertinent hypotheses and research

Figure 1. The Greater Piedmont is all of Pennsylvania southeast of
Blue Mountain/Kittatinny Ridge (blue line) except for South Mountain
(red area near southwest corner). With its distinctive regional species
pool of plants, animals and other organisms, it is the main source of
historical data and reference sites on which to model grassland and
meadow reclamation in Valley Forge National Historical Park (green
star). See Figure 2 (p. 9) for a detailed breakdown of ecoregions.

results in historical ecology, including pre-
European-settlement human influences,
across the Mid-Atlantic Region

* identifying and ranking ecological indicators
including ecosystem stressors and predicting
probable ecological trajectories of VAFO
grasslands and meadows assuming no
change in management action

* defining specific, measurable desired
conditions, taking into account ecological
considerations and the park’s mission,
management goals and objectives, and
resource values as summarized in the GMP

* quantifying metrics of desired conditions
using the ecological integrity assessment
framework (Unnasch et al. 2009)

In much of eastern North America,
conducting a desired condition analysis for
grasslands and meadows differs from doing
the same for forestlands in a key procedural
detail—the pre-European-settlement condition
of the site itself is not a central issue. Instead
this analysis focuses on
historical (including pre-
European-settlement)
conditions at other
grasslands and meadows
in geologically similar
landscapes across the
Greater Piedmont. There
has been little scientific
study of the paleoecology
of grasslands and
meadows in the Northeast
compared with that of its
forests and wetlands,
which is the subject of
numerous scientific
papers. The author has
assembled much of the
knowledge base of this
report over the past 25
years while conducting
experiments and other
field investigations,
compiling and analyzing



historical data (Latham 2005), and authoring
or co-authoring various restoration and
management plans involving native grasslands
and meadows (e.g., Latham and Thorne 2007,
Orndorff and Patten 2007; Latham 2008).

The focus in this report is the resource
dimension of the trifecta of desired condition

1.3 Objectives

The desired condition analysis for
grasslands and meadows in Valley Forge
National Historical Park will serve planners
and land managers as a basis for decision-
making, developing adaptive management
strategies, and designing specific, detailed
management and monitoring plans. It is
intended operationally to:

* serve as a systematic, objective basis for
prioritizing the urgency of management
actions to mitigate threats to biological
resources

* provide a method for tracking the
effectiveness of adaptive conservation and
resource management actions

» foster a deeper understanding among
planners and land managers of the linkages
between conserving grassland and meadow
biodiversity and conserving ecological
processes and ecosystem resilience

* provide a consistent basis for clearly
articulating research and monitoring needs to
further conservation objectives in support of
adaptive management

* support objective comparisons over time
within VAFO and between VAFO and other

dimensions: resource, human and institutional
(Eckert 2009). Incorporating human and
institutional dimensions will require
stakeholder involvement, partnerships,
consideration of policies and competing
values, and other complexities that are beyond
the scope of the current analysis.

federally managed sites based on a common
approach and vocabulary

« facilitate organizing information, conducting
analyses, and reporting results within the
context of the National Park Service mission,
Government Performance and Results Act of
1993 (GPRA) compliance, and other
reporting requirements

The desired condition analysis will
contribute to the development of two key
planning documents for Valley Forge National
Historical Park—the Resource Stewardship
Strategy (RSS) and a revised Field
Management Plan. The RSS will consist of a
set of science- and scholarship-based strategies
to achieve and maintain the desired conditions
of the park’s natural and cultural resources as
set forth in the GMP, this desired condition
analysis and other planning documents. The
RSS will serve as a basis for detailed program
and project plans and for determining, over the
long term, the park’s budget allocations and
needs for additional funding and staff
capabilities. The revised Field Management
Plan will translate desired conditions and other
planning considerations into site-specific tasks
and a timetable for their execution.



Site Description

The broad vegetation categories
grassland and meadow refer to uncultivated
areas dominated by herbaceous plants with
soils that are not saturated year-round
(permanently wet herb-dominated ecosystems
are marshes). Grasslands have more than 50%
cover by grasses; meadows have more than
50% cover by forbs, which is a catch-all term
for herbaceous plants other than grasses or
grass-like plants such as sedges and rushes.
Most forbs are wildflowers, although
herbaceous plants that have no flowers such as
ferns are often included. Either grassland or
meadow is savanna if scattered trees or tall
shrubs make up between 10% and 25% of the
total vegetation cover (expansive grassland
with less than 10% tree cover is often called
prairie). Cover can be thought of as the
amount of ground surface shaded by plants’
leaves; with 25% to 60% tree cover a plant
community is classified as woodland and over

2.2 Regional Context

The pertinent region for this study is
termed the Greater Piedmont (see Figure 1, p.
5), characterized by a distinctive regional
species pool of plants, animals and other
organisms. It encompasses nearly all of
Pennsylvania south and east of Blue Mountain,
also called Kittatinny Ridge (the exception is
South Mountain, near the southwest corner). It
may be defined in terms of ecoregions (Woods
et al. 1999a, 1999b) or physiographic
provinces and sections (Sevon 2000), which
share many, but not all, boundaries in
common. The Greater Piedmont includes large
parts of four Level IV ecoregions within the
Northern Piedmont (Level I1I) and small
portions of three other Level III ecoregions:
Middle Atlantic Coastal Plain, Northeastern
Highlands, and Ridge and Valley (Table 1,
opposite, and Figure 2, p. 9). Data were

2.1 Grasslands and Meadows Defined

60% is forest. In practice, there is not a sharp
dividing line between grassland and
meadow—in many places there are patches of
both types present and in some, grasses and
forbs each cover about the same total area.

Throughout this document the term
grassland/meadow species (or specialist)
refers to any kind of plant, animal, fungus or
other organism that depends for all or part of
its life cycle on grassland or meadow habitat;
it is used here only for species native to
grasslands and meadows in the Greater
Piedmont. A subcategory is grassland birds,
also called grassland-interior birds. They
require access to large, unfragmented grass-
lands or meadows to nest and successfully rear
young. They succeed most reliably in grass-
land or meadow expanses of 40—100 ha (100—
250 acres) or more, unbroken by fencerows of
trees or shrubs, roads or other features.

compiled mainly from the Pennsylvania
portions of the relevant ecoregions because
floristic records are aggregated by state and
those from within Pennsylvania have been
digitized and are readily available.

VAFO itself spans the meeting point of
three of the Level IV ecoregions (Figure 2):
most of the park is in the Triassic Lowlands;
the southernmost fringe of the park is in the
Piedmont Limestone/ Dolomite Lowlands; and
Mt. Misery, Mt. Joy and the gorge of Valley
Creek between them are in the Piedmont
Uplands. The closest point in the Middle
Atlantic Coastal Plain is 23 km (14 miles)
southeast of the park near East Falls in
Philadelphia. The Northeastern Highlands
come up to within 28 km (18 miles) of the
park toward the northwest, in the hills west of



Table 1. Level lll and IV ecoregions and corresponding physiographic provinces and sections
comprising the Greater Piedmont (Woods et al. 1999a, 1999b; Sevon 2000)

Level Ill ecoregion Level IV ecoregion

physiographic province physiographic section

Northern Piedmont Triassic Lowlands

Piedmont Gettysburg-Newark

Lowland

Piedmont Limestone/
Dolomite Lowlands

Piedmont Lowland

Piedmont Uplands

Piedmont Upland

Diabase and
Conglomerate Uplands

Piedmont Upland

Middle Atlantic Coastal

Delaware River Terraces

Atlantic Coastal Plain Lowland and

Plain and Uplands Intermediate Upland
Northeastern Highlands Reading Prong New England Reading Prong
Ridge and Valley Northern Limestone/ Ridge and Valley Great Valley
Dolomite Valleys
Northern Shale Valleys Great Valley

Boyertown. The nearest boundary of the Ridge
and Valley forms a rough arc 45 km (28 miles)
north and northwest of VAFO, from Reading
to the Saucon Valley south of Allentown.

Plant species composition varies widely
among different communities in the Greater
Piedmont and its constituent ecoregions are
quite distinct geologically (Potter 1999), but
communities of the same type throughout this
region are more like each other floristically
than they are to kindred communities in the
dissimilar adjacent ecoregions. Partly because
VAFO straddles three Level IV ecoregions and
is close to several others, most of the plant
species native to the Greater Piedmont occur
somewhere nearby and are well adapted to
combinations of soil and other environmental
conditions found in the park itself. Certain
native grassland and meadow communities in
the Greater Piedmont—for instance, serpentine
grasslands and mesic diabase meadows—do
not have the potential to occur in the park
because the types of bedrock and soil they are
associated with are not present. However, very
few species are restricted solely to these
communities; most of their characteristic
species also live in other communities where

bedrock and soils are the same as or similar to
those in the park.

Of 13 grassland-interior bird species
nesting in the Greater Piedmont (Table 2, p.
10), only a few breed currently in VAFO
grasslands and meadows (Table 7, p. 19) but
any could potentially nest there if appropriate
habitat is provided.

The grasslands and meadows at VAFO are
almost unique in the Greater Piedmont as a
block of over 400 ha (1,000 acres) of former
agricultural land long maintained—since 1991
or earlier—in herbaceous cover that is not
planted. (The only other comparable area is the
military training corridor at Fort Indiantown
Gap; Latham et al. 2007b.) The significance of
this fact is that the native plant species in the
park, including 172 taxa (Furedi 2008) that are
grassland and meadow habitat specialists, are
of locally indigenous genotypes. This genetic
resource is invaluable. It will be easily and
cheaply exploitable as the basis for native
meadow and grassland reclamation in the park
because it is under direct National Park
Service control and does not need to be
imported at high cost in funds and labor from
other locations.



Figure 2. Ecoregional context of Valley Forge National Historical Park (Woods et al. 1999a,
1999b; Commission for Environmental Cooperation 2006). White lines are county, state and national
boundaries. On the main map heavy black lines separate Level Il ecoregions and colors denote
Level IV. On the locator map heavy black lines separate the two Level | ecoregions: Northern
Forests (blues) and Eastern Temperate Forests (other colors) and colors indicate Level lll. (Level
ecoregions are not shown.)



Table 2. Grassland-interior bird species breeding in the Greater Piedmont and
their conservation status (McWilliams and Brauning 2000; Mulvihill 2008;
Pennsylvania Natural Heritage Program 2010c). State conservation status codes:
PE, endangered; PT, threatened; CA, candidate at risk; CR, candidate rare. See
Table 7 (p. 19) for species’ status in Valley Forge National Historical Park.

common name species

status in
Pennsylvania

ORDER FALCONIFORMES (DIURNAL RAPTORS)

northern harrier Circus cyaneus CA
ORDER GALLIFORMES (GALLINACEOUS BIRDS)

northern bobwhite Colinus virginianus CA
ORDER CHARADRIIFORMES (WADERS, GULLS & AUKS)

upland sandpiper Bartramia longicauda PT
ORDER STRIGIFORMES (OWLS)

barn owl Tyto alba CR
ORDER PASSERIFORMES (PASSERINES)

horned lark Eremophila alpestris

sedge wren Cistothorus platensis PT
Henslow’s sparrow Ammodramus henslowii

grasshopper sparrow Ammodramus savannarum

savannah sparrow Passerculus sandwichensis

vesper sparrow Pooecetes gramineus

dickcissel Spiza americana PE
bobolink Dolichonyx oryzivorus

eastern meadowlark

Sturnella magna

2.3 Bedrock and Soils

Native grassland and meadow
communities in the Mid-Atlantic Region are
often associated with particular types of soil
and parent material. The best known of such
associations is the one between serpentine
grassland, a component of a community
complex known as serpentine barrens, and
serpentinite, the rock formation from which
the underlying soils are weathered (Fike 1999;
Tyndall and Hull 1999). Other examples are
side-oats gramma calcareous grassland, also
called xeric limestone prairie (Fike 1999;
Laughlin and Uhl 2003), mesic calcareous
meadow (Latham 2005), and alvar grassland
(Edinger et al. 2002), all three types occurring
on soils derived from limestone or dolomite;
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mesic diabase meadow on soils weathered
from diabase (Latham 2005); ridgetop
hairgrass savanna on thin soils overtop
sandstone or conglomerate (Latham et al.
2007a); and American beachgrass — bitter
panic-grass herbaceous vegetation, also called
beachgrass — panic-grass dune grassland, on
maritime sand dunes (Breden et al. 2001).
Native grasslands and meadows may be
reclaimed (created anew to replace other land
cover) on any soil type, but similarities
between land to be reclaimed and land
associated with various long-established native
grasslands and meadows can be used to infer
which combinations of species may have the
best chance of success on a given soil type.



Table 3. Bedrock formations underlying grasslands and meadows in Valley Forge National
Historical Park (Geyer and Wilshusen 1982; Pennsylvania Bureau of Topographic and Geologic Survey
2001; Podniesinski et al. 2005). “Of total” refers to the total area of grasslands and meadows in the park
and inholdings. Symbols preceding formation names correspond with those in Figure 3 (next page).

age formation rock types ha acres  of total
Cambrian  Cah Antietam and Harpers quartzite, phyllite, schist 99.0 244.6 16.5%
Formations,
undifferentiated
Cch Chickies Formation quartzite, quartz schist, 81 20.0 1.3%
slate, conglomerate
Ce Elbrook Formation calcareous shale, silty 89 221 1.5%
limestone, limestone,
dolomite
Cl  Ledger Formation dolomite, siliceous 276.2 682.6 46.4%
dolomite
Triassic Trs Stockton Formation arkosic sandstone, siltstone, 174.5 431.2 30.6%
sandstone, mudstone
Cretaceous Kp Patapsco Formation ferruginous clay, sand 3.8 94  0.6%
Tertiary Tbm Bryn Mawr Formation gravelly sand, silt 87 215 1.4%
Tpb Pennsauken and Bridgeton feldspathic quartz sand, 9.6 238 1.6%
Formations, gravel, clay, silt
undifferentiated

Calcareous bedrock underlies nearly half
(48%) of the grassland and meadow area in
VAFO, mainly dolomites of the Ledger
Formation (CI on the map in Figure 3) and a
small area of calcareous shale, limestone and
dolomite of the Elbrook Formation (Ce) (Table
3). Nearly all of the grasslands and meadows
on soils weathered from calcareous bedrock
are south of Valley Forge Park Road (Pa. Rte.
23) and east of Mt. Joy (Figure 3). Just under
one-third (31%) of the total grassland and
meadow area overlies sandstone, siltstone and
mudstone of the Stockton Formation (Trs),
north of Valley Forge Park Road and mostly
north of the Schuylkill River. Most of the rest
(18%) overlies quartzite, phyllite, schist, slate
and conglomerate of the Antietam and Harpers
Formation (Cah) and Chickies Formation
(Cch), in the western and south-central parts of
the park. The remainder (less than 4%)
consists of three areas underlain by
unconsolidated sediments of much more recent
age—agravel, sand, silt and clay of the

Patapsco (Kp), Bryn Mawr (Tbm), and
Pennsauken and Bridgeton (Tpb) Formations.

Information on VAFO soils at the
landscape scale comes from the county soil
surveys (Kunkle 1963; Smith 1967; Natural
Resources Conservation Service 1999, 2004,
2007). Soils beneath grasslands and meadows
in VAFO and inholdings (see Table 4, p. 14)
are predominantly Alfisols (48% of the
grassland and meadow area), followed by
Ultisols (31%) and Inceptisols (12%). Soil
great groups, suborders and orders (and their
acreage proportions) are Hapludults (30%),
Fragiudalfs (21%), Hapludalfs (27%),
Endoaquepts (8%), Dystrudepts (4%) and
Fragiudults (1%). These areas sum to just over
91% of the total grassland and meadow area.
The remainder is mostly “made land,” that is,
soils that have been greatly altered from their
native state by earthmoving for construction,
landscaping, mining and the like.
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Figure 3. Bedrock geology of grasslands and meadows in Valley Forge National Historical Park
and inholdings (Pennsylvania Bureau of Topographic and Geologic Survey 2001; Podniesinski et al.
2005)

Soils weathered from calcareous bedrock dolomite, limestone, sand and gravel, nearly
and the adjacent unconsolidated sediments two-thirds have soils classified as Alfisols
tend to be described as more fertile; of the area  (64%) with the rest almost evenly divided
in grassland and meadow vegetation overlying  between Ultisols (19%) and Inceptisols (16%).
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For soils weathered from non-calcareous
bedrock the percentages are almost reversed,
with Alfisols (39%) subordinate to the less-
fertile Ultisols (51%) and Inceptisols (10%).

Soil subgroups and families show no
discernible pattern with respect to bedrock
type (Table 4, next page). The subgroups of
soils underlying grasslands and meadows in
VAFO and inholdings (and their acreage

2.4 Vegetation and Wildlife

Podniesinski and colleagues (2005)
conducted a survey of vegetation throughout
the park, classifying and delineating 22 plant
communities and other land cover types.
When community and cover types are
grouped into broad landscape categories
(grassland/meadow, forest/woodland,
developed land/roads, and surface water),
the largest fraction of the park’s land is
covered by grasslands and meadows (see
Table 5, p. 16, Figure 4, p. 17), edging out
wooded areas by two percentage points.

The survey further subdivided grasslands
and meadows into several types (Table 6, p.
18). All except the old quarry/reclamation
site type were described in detail in the
survey report (Podniesinski et al. 2005).

Orchard Grass — Sheep-sorrel
Herbaceous Vegetation, a community
defined at the association level and called
grassland for short in the survey report,
makes up 86% of the total grassland and
meadow area. Over 70% of it is further
classified as “tallgrass” grassland, defined as
seasonally mowed (once or twice per year).
The remainder is termed mowed grassland,
regularly mowed (several times during the
growing season). Existing grassland is
characterized by the

predominance of herbaceous graminoid
species and the virtual lack of woody
species. Typical dominant grasses include
red fescue (Festuca rubra), knotroot-
foxtail grass (Setaria parviflora),
[beaked] panic-grass (Panicum anceps),
broomsedge (Andropogon virginicus),

proportions) are Typic (33%), Oxyaquic
(23%), Ultic (all Hapludalfs; 21%), Fluventic
(Inceptisols; 8%), Fluvaquentic (Inceptisols;
4%) and Aquic (Ultisols; 3%). Likewise, soil
texture is predominantly fine-loamy (62%),
with areas of coarse-loamy (19%) and fine-
silty (10%) soils, and cation exchange capacity
is mainly active (76%), with small areas of
superactive (14%) and semiactive (1%) soils.

redtop (Agrostis gigantea), [meadow]
fescue [Schedonorus pratensis],
orchardgrass (Dactylis glomerata), and
purpletop (Tridens flavus). Patches of
vines may occur in this type, occasionally
reaching several meters in diameter.
Typical vines include Japanese
honeysuckle (Lonicera japonica), wild
grapes (Vitis spp.), oriental bittersweet
(Celastrus orbiculatus), and poison-ivy
(Toxicodendron radicans). Woody plants,
when present, are limited to occasional
seedlings and saplings resprouting after
seasonal mowing. Typical woody species
are apple (Malus sylvestris), multiflora
rose (Rosa multiflora), and dewberry
(Rubus sp.). [Podniesinski et al. 2005, p.
55; nomenclature updates are in brackets.]

About one-eighth of the grassland and
meadow area is identified as successional
old field/shrubland (areas classified as
cropland in the 2005 survey are included
here where cultivation was abandoned after
that survey was completed). The type occurs
throughout the park where former grassland
or agricultural land is being invaded by
shrub species.

Shrub cover is variable from field to field
but is generally greater than 20%. Typical
species include autumn-olive (Elaeagnus
umbellata), honeysuckle (Lonicera spp.),
multiflora rose (Rosa multiflora), and to a
lesser extent wineberry (Rubus
phoenicolasius). Tree seedlings and
saplings may also be present. Vines may
be abundant in some fields as sparse to
very dense patches, where they can
appear as a ground cover and/or smother

13
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Table 4. Soil types underlying grasslands and meadows in Valley Forge National Historical Park, classified by parent material (Kunkle 1963;
Smith 1967; Natural Resources Conservation Service 1999, 2004, 2007). Only soil series and other mapping units that comprise more than 1% of
the total land area are included, summing to 97.2% of grassland and meadow in the park and inholdings. Bedrock types (see Table 3, p. 11):

Cah = Antietam and Harpers Formations, undifferentiated; Cch = Chickies Formation; Trs = Stockton Formation; Kp = Patapsco Formation;

Tbm = Bryn Mawr Formation; Tpb = Pennsauken and Bridgeton Formations, undifferentiated; Ce = Elbrook Formation; Cl = Ledger Formation.

mainly quartzite, schist calcareous % % of
and sandstone bedrock sand and gravel bedrock grass- of total  higher classification grass-
ha (acres) ha (acres) ha(acres) | landha grass- (family, great group, land
soil order soil series Cah Cch Trs Kp Tbm  Tpb Ce Cl (acres) land suborder/order) hydric
Ultisols Lansdale 19.4 41.2 1.1 19.9 81.7 13.5% coarse-loamy, mixed, —
(48.0) (101.7) (2.8) (49.3) (201.9) active, mesic Typic
Hapludults
Alfisols Readington 6.2 04 1.9 0.1 4.4 23 557 709 11.7% fine-loamy, mixed, active, 4%
(153)  (1.0) (4.7 02) (10.8) | (5.7) (137.5) | (175.3) mesic Oxyaquic
Fragiudalfs
Alfisols/ Penn and 29 43 296 8.0 1.3 224 68.4 11.3% (see under component —
Ultisols Lansdale, (7.2) (10.5) (73.1) (19.8) (3.1) (55.4) (169.1) series)
undifferent-
iated
Alfisols Duffield 7.5 2.3 40.1 49.8 8.2% fine-loamy, mixed, active, 2%
(18.4) (5.6) (99.1) (123.1) mesic Ultic Hapludalfs
Ultisols Edgemont 10.7 30.3 8.4 494  8.2% fine-loamy, mixed, active, 3%
(26.4) (74.9) (20.9) (122.1) mesic Typic Hapludults
Alfisols Lawrenceville 9.7 1.3 46| 3.8 3.9 4.1 21.7 49.1 8.1% fine-silty, mixed, active, 2%
Q41)  (32) (113) | 9.9 ©.6) | (10.1) (53.5) | (121.4) mesic Oxyaquic
Fragiudalfs
Inceptisols Bowmansville 7.8 0.1 2.2 38.3 48.4  8.0% fine-loamy, mixed, active, —
(19.3)  (02) (5.5 (94.7) (119.7) nonacid, mesic Fluventic
Endoaquepts
— made land 14.8 3.9 05 173 364  6.0% —
(36.5) (9.6) (13) (42.6) (90.0)
Alfisols Conestoga 8.4 8.1 0.3 16.3 33.0 5.4% fine-loamy, mixed, active, —
(20.7) (19.9) (0.6) (40.3) (81.5) mesic Typic Hapludalfs



Sl

mainly quartzite, schist calcareous % % of
and sandstone bedrock sand and gravel bedrock grass- of total  higher classification grass-
ha (acres) ha (acres) ha(acres) | landha grass- (family, great group, land
soil order soil series Cah Cch Trs Kp Tbm  Tpb Ce Cl (acres) land suborder/order) hydric
Alfisols Brecknock 9.3 0.6 13.8 23.6  3.9% fine-loamy, mixed, super- —
(22.9) (1.4) (34.1) (58.4) active, mesic Ultic
Hapludalfs
Inceptisols  Codorus 12.9 0.5 134  2.2% fine-loamy, mixed, active, 4%
(31.8) (1.3) (33.1) mesic Fluvaquentic
Dystrudepts
Alfisols Penn 4.9 02 46 9.8  1.6% fine-loamy, mixed, super- —
(12.2) 0.6) (11.5) (24.3) active, mesic Ultic
Hapludalfs
Alfisols Duffield and 8.8 8.8 1.5% fine-loamy, mixed, act- —
Ryder, (21.7) (21.7) ive/semiactive, mesic
undifferent- Ultic Hapludalfs
iated
Ultisols Birdsboro 1.4 0.5 6.7 8.6 1.4% fine-loamy, mixed, active, —
(3.5) (1.2) (16.6) (21.4) mesic Oxyaquic
Hapludults
Ultisols Mattapex 7.0 1.0 8.1 1.3% fine-silty, mixed, active, 1%
(17.4) (2.6) (20.0) mesic Aquic Hapludults
— quarries 5.6 2.1 7.8 1.3% —
(13.9) (5.2) (19.2)
Alfisols Clarksburg 6.9 0.4 7.3 1.2% fine-loamy, mixed, super- 5%
(17.1) (1.1) (18.1) active, mesic Oxyaquic
Fragiudalfs
Inceptisols Rowland 09 2.0 4.4 7.3 1.2% fine-loamy, mixed, super- 5%
2.1)  (5.0) (10.8) (18.0) active, mesic Fluvaquentic
Dystrudepts
Ultisols Raritan 39 0.5 2.5 6.9 1.1% fine-loamy, mixed, active, 2%
9.6) (12)  (6.2) (17.0) mesic Aquic Fragiudults
totals 99.0 81 174 | 3.8 8.7 9.6 8.9 276 589 97.2%
(245)  (20.0) (431) | 9.4) (21.5) (23.8) | 22.1) (683) | (1,455)




Table 5. Breakdown by area of major land cover types in Valley Forge National Historical
Park (modified from findings in Podniesinski et al. 2005).

cover type % of park area ha acres

dominated by grasses, forbs, low shrubs (grasslands, 43.7% 610 1,507
meadows, savannas)

dominated by trees (forests, woodlands) 41.6% 581 1,435

developed land, transportation corridors 10.5% 147 362

water 4.1% 58 143

total within VAFO authorized boundary 100.0% 1,395 3,447

shrubs and tree saplings. Typical vine
species include oriental bittersweet
(Celastrus orbiculatus), Japanese
honeysuckle (Lonicera japonica), and wild
grape (Vitis spp.). The herbaceous layer is
similar to the grassland type but with a
higher cover of forb species. Typical grasses
include broomsedge (Andropogon
virginicus), red fescue (Festuca rubra),
[meadow] fescue [Schedonorus pratensis],
path rush (Juncus tenuis), [tapered rosette
grass] (Dichanthelium acuminatum), timothy
(Phleum pratense), and purpletop (Tridens
flavus). Typical forb species include dogbane
(Apocynum cannabinum), grassleaf
goldenrod (Euthamia graminifolia), white
snakeroot (Ageratina altissima), tall white
beard-tongue (Penstemon digitalis),
cinquefoil (Potentilla spp.), and [wrinkle-
leaf] goldenrod (Solidago rugosa).
[Podniesinski et al. 2005, p. 67;
nomenclature updates are in brackets. ]

Less than 1% of the grassland and meadow
area is Bluejoint — Reed Canary-grass
Herbaceous Vegetation, also called wet
meadow in the park vegetation survey.
Typically flooded in spring, its soils may be
saturated for part of the growing season but are
generally dry for much of the year. Flooding
helps to keep these systems open but some are
also mowed. They are described as

open, usually graminoid-dominated
meadows. On some sites, this community
may be dominated by one or two species,
but it is typically mixed. Representative
species include rice cutgrass (Leersia
oryzoides) wool-grass (Scirpus cyperinus),
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[northern] bugleweed (Lycopus uniflorus),
smartweeds [Persicaria spp.], threeway
sedge (Dulichium arundinaceum), marsh
fern (Thelypteris palustris), sedges (Carex
stipata var. stipata, C. canescens, C. lurida,
C. cristatella, C. tribuloides, C. vesicaria),
soft rush (Juncus effusus), Virginia chain
fern (Woodwardia virginica), beggar’s-ticks
(Bidens spp.), dwarf St. John’s-wort
(Hypericum mutilum), joe-pye-weed
[Eutrochium spp.], boneset (Eupatorium
perfoliatum), cinnamon fern (Osmunda
cinnamomea), royal fern (Osmunda regalis),
Canadian St. John’s-wort (Hypericum
canadense), bluejoint (Calamagrostis
canadensis), New York ironweed (Vernonia
noveboracensis), marsh St. John’s-wort
(Triadenum virginicum), arrowhead
(Sagittaria rigida, S. latifolia), reed canary-
grass (Phalaris arundinacea), rattlesnake
grass (Glyceria canadensis), black bulrush
(Scirpus atrovirens), and spikerushes
(Eleocharis spp.). Scattered shrubs may be
present; representative species include
hardhack (Spiraea tomentosa), buttonbush
(Cephalanthus occidentalis), silky dogwood
(Cornus amomum), [gray] dogwood (Cornus
racemosa), red-osier dogwood (Cornus
sericea), and [northern] arrow-wood
(Viburnum recognitum). Exotic species such
as purple loosestrife (Lythrum salicaria) and
a variety of exotic grasses are frequently
found in these meadows. [Podniesinski et al.
2005, p. 59; nomenclature updates are in
brackets. |

Furedi (2008) conducted a more detailed
survey of plant species composition in the
grasslands and meadows. Analyses of the data
from Furedi’s study, compilation of recent
botanical surveys, and analysis of historical



Figure 4. Extent and location of grasslands and meadows in Valley Forge National Historical
Park. Five cover types dominated by herbaceous plants (Podniesinski et al. 2005) are superimposed
on 2004 false-color infrared ortho imagery (U.S. Department of Agriculture).
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Table 6. Breakdown by area of present-day grassland and meadow community types in
Valley Forge National Historical Park (as defined in Podniesinski et al. 2005).

% of park % of grasslands
grassland/meadow community type area and meadows ha acres
“tallgrass” grassland (Orchard Grass — Sheep-

sorrel Herbaceous Vegetation mowed once or

twice annually) 26.5% 60.7% 370 914
mowed grassland (Orchard Grass — Sheep-sorrel

Herbaceous Vegetation mowed several times

annually) 10.9% 25.0% 152 376
successional old field, recent cropland 5.7% 13.1% 80 197
wet meadow (Bluejoint — Reed Canary-grass

Herbaceous Vegetation) 0.3% 0.8% 5 11
old quarry/reclamation site 0.2% 0.5% 3 8
total 43.7% 100.0% 610 1,507

records of plant species occurrence at Valley
Forge are covered later under Methods and
Results.

Formal animal surveys of the park, part of
the NPS Mid-Atlantic Network Inventory and
Monitoring Program, have targeted birds
(Yahner et al. 2001), mammals (Yahner et al.
2006) and reptiles and amphibians (Tiebout
2003). Informal, longer-term surveys have
been conducted for birds (Wolf 1996) and
butterflies (Ruffin 1994; Anonymous 1996).
The following paragraphs and tables
summarize the survey results pertaining to the
park’s grasslands and meadows. The key
species for defining desired conditions are
grassland-interior birds and butterflies and

plants and animals dependent on grassland and

meadow habitats that are imperiled, rare or
declining—either globally or in Pennsylvania
and the Mid-Atlantic Region. This set of
species is covered in detail later under
Methods and Results, where an analysis
drawing from many sources focuses on the
habitat needs of those occurring in the park
now, recorded historically, or having the
potential to repopulate the park’s grasslands
and meadows in the future.

For birds, Wolf (1996) compiled tallies of

bird sightings throughout the park for 25 years,

classified by season and frequency of
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observation. Sightings included seven
grassland-interior species, two of which were
confirmed as regularly nesting in VAFO
(Table 7).

Yahner and colleagues (2001) conducted
point-count (60 sampling points), vehicular-
road, diurnal raptor, owl and riparian surveys
of birds in May 1999-May 2001 and
compared them with historical records
compiled by park personnel. In this three-year
snapshot, they documented 163 resident and
migrant species in the park (those observed
most frequently in grasslands and meadows
are listed in Table 8). Twenty-two are on the
state list of species of special conservation
concern but none of those are grassland
specialists. Of 10 species documented for the
first time ever at VAFO in the 1999-2001
surveys, 3 are grassland and meadow
specialists—grasshopper sparrow and vesper
sparrow (both nesting in the park in small
numbers) and horned lark (seen rarely and
only during spring migration). Birds recorded
historically at VAFO but not seen during the
1999-2001 surveys include three grassland
specialists—barn owl, dicksissel and northern
bobwhite.

Yahner and colleagues’ (2006) mammal
surveys consisted of live-trapping, spotlight
surveys and opportunistic observations



Table 7. Grassland-interior bird species’ status by season in Valley Forge National Historical Park,
1972-1996 and 1999-2001. Sighting frequency codes: C, common; O, occasional; U, uncommon; R,
rare—not seen every year. Letters in parentheses indicate source: W, Wolf’'s (2007) 35-year compilation,
Y, Yahner et al.’s (2001) 3-year survey. See Table 2 (p. 10) for species’ conservation status and

taxonomic classification.

common name status in park spring summer fall winter
northern harrier ? RW) OoWw)

northern bobwhite declined 1972—-1996 RW) R(W) R(W)

barn owl ? R(W) R(W) R(W) R(W)
horned lark extremely rare migrant R(Y)

dickcissel extremely rare migrant

grasshopper sparrow ? R(Y) R(Y) R(Y)

savannah sparrow ? O(W) R(Y) O(W) R(Y)

Vesper sparrow extremely rare R(Y)

bobolink confirmed nesting OW) O(Y) OoWw) RW) O(Y)

eastern meadowlark confirmed nesting; CwW)Uy) Cw)Cy) Uw)Ogy) Umw) U(y)

increased 1972—-1996

Table 8. Most-common bird species by season in grasslands and meadows at Valley Forge
National Historical Park, 1999-2001 (Yahner et al. 2001). Data are three-year average numbers of
individuals per point-count survey in areas labeled “herbaceous cover” by the survey team.

common name species spring summer fall winter
ANSERIFORMES (DUCKS, GEESE, SWANS & SCREAMERS)

Canada goose Branta canadensis 0.7 0.6 1.9
COLUMBIFORMES (DOVES & PIGEONS)

mourning dove Zenaida macroura 1.3 0.7
PASSERIFORMES (PASSERINES)

barn swallow Hirundo rustica 1.1 0.8

American crow Corvus brachyrhynchos 0.6 0.7 0.6
blue jay Cyanocitta cristata 0.9

eastern bluebird Sialia sialis 0.7
American robin Turdus migratorius 0.9

cedar waxwing Bombycilla cedrorum 0.5

European starling Sturnus vulgaris 2.7 5.4 5.2 2.3
palm warbler Dendroica palmarum 0.4

dark-eyed junco Junco hyemalis 0.6
song sparrow Melospiza melodia 0.4

red-winged blackbird Agelaius phoeniceus 1.2 0.9

common grackle Quiscalus quiscula 0.5

eastern meadowlark Sturnella magna 0.5 0.7 0.6
American goldfinch Carduelis tristis 1.0
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Table 9. Mammal species in grasslands and meadows at Valley Forge National Historical Park,
2004 (Yahner et al. 2006). Percent of total encounters compares each species’ detection rate in areas
classified as grassland, wet meadow or successional habitat with its detection rate in the park as a whole,
including all other habitat categories: lawn, forest and woodland, the riparian zone along the Schuyilkill
River, and developed areas. Percents based on small numbers of encounters are less reliable as

potential clues to a species’ habitat fidelity in the park.

encounters in percent classification of
grasslands and of total residency and
common name species meadows encounters abundance in park
white-tailed deer Odocoileus virginianus 238 37 abundant breeder
white-footed mouse Peromyscus leucopus 116 56 abundant breeder
meadow vole Microtus pennsylvanicus 91 94 abundant breeder
gray squirrel Sciurus carolinensis 17 68 common breeder
northern short-tailed Blarina brevicauda 16 89 common breeder
shrew
masked shrew Sorex cinereus 14 88 common breeder
woodchuck Marmota monax 8 80 common resident
raccoon Procyon lotor 8 33 common breeder
red fox Vulpes vulpes 6 20 common breeder
eastern cottontail Sylvilagus floridanus 3 60 common resident
red squirrel Tamiasciurus 3 100 uncommon/rare
hudsonicus resident
eastern chipmunk Tamias striatus 1 12 common breeder
coyote Canis latrans 1 100 rare transient or
resident
feral cat Felis domesticus 1 14 uncommon/rare
resident
striped skunk Mephitis mephitis 1 100 uncommon/rare

transient or resident

throughout 2004. They documented the
presence of 21 species, 15 of which were seen
in grasslands and meadows (Table 9). The
most abundant were meadow vole, which had
high fidelity to grasslands and meadows, and
the habitat generalists white-tailed deer and
white-footed mouse.

Tiebout (2003) conducted a reptile and
amphibian inventory in the park in 1999-2002
using standard surveying methods—
coverboards, drift fence arrays, substrate
surveys in forest and small streams, aquatic
trapping, basking turtle surveys, and frog and
toad calling surveys—at 55 sampling sites (9
in tallgrass meadows), supplemented by
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general collecting throughout the park in
locations judged likely to be productive. He
documented the presence of 29 species, 11 of
which were seen in areas he labeled as
“tallgrass meadows” (Table 10), the only type
of grassland or meadow surveyed. The most
abundant species in grasslands and meadows
were red-backed salamander, common garter
snake and northern black racer. The species
with the highest fidelity to grasslands and
meadows were eastern milk snake (100% of
encounters) and northern black racer (61%).
The author suggested restoration programs in
the park for the northern fence lizard
(Sceloporus undulatus hyacinthinus) and black
rat snake (Elaphe obsoleta obsoleta), both of



whose habitat preferences include, but are not
restricted to, grasslands and meadows.

Butterfly surveys by Ruffin (1994) and
park staff (Anonymous 1996) have been
conducted mainly in the park’s grasslands and
meadows, where the majority of species spend
part or all of their life cycle. The two sources

list 77 species, 14 of which are marked

99 ¢¢

“uncommon,” “rare” or with some other
indication that they are scarce in the park. The
survey lists include 17 species of special
conservation concern. Special-concern species
and potential species (butterflies that have
been recorded nearby and throughout the
Greater Piedmont) and the plants they feed on
are treated later under Methods and Results.

Table 10. Amphibian and reptile species in grasslands and meadows at Valley Forge National
Historical Park, 1999-2002 (Tiebout 2003). Species observed in habitat the surveyor labeled “tallgrass
meadows” (i.e., mowed once or twice per year) are included. Percent of total encounters compares each
species’ detection rate in grasslands and meadows relative to its detection rate in the park as a whole,
including all other habitat categories: lawn, forest and woodland, vernal pools, small streams, the
Schuylkill River, and developed areas.

encounters in

grasslands percent of total
common name species and meadows encounters habitat notes
red-backed salamander  Plethodon cinereus 79 6 mainly forest
common garter snake Thamnophis sirtalis 26 37 habitat generalist
sirtalis
northern black racer Coluber constrictor 14 61 also wetlands and
constrictor lowland forest
northern brown snake Storeria dekayi dekayi 47 also lowland forest
eastern milk snake Lampropeltis triangulum 100 grasslands
triangulum
eastern American toad  Bufo americanus 4 6 habitat generalist
northern water snake Nerodia sipedon sipedon 4 6 mainly water bodies
eastern box turtle Terrapene carolina 2 12 mainly lowland
carolina forest
northern ringneck Diadophis punctatus 2 4 mainly forest
snake edwardsii
bullfrog Rana catesbeiana 1 3 mainly water bodies
pickerel frog Rana palustris 1 2 mainly water bodies

21



Methods

The botanist ... has no data upon
which to base a statement of the
plant covering of such open,
treeless areas. [Harshberger 1904]

This pessimistic statement made over a
century ago by University of Pennsylvania
botany professor John Harshberger, in
reference to “open glades and natural
meadows” in southeastern Pennsylvania
around the time of European settlement,
fortunately is only partly true. Harshberger
was right that no species list, much less an
account of the relative importance of various
species, has been handed down for any
colonial-era grassland, meadow or fallow field
in the Greater Piedmont. However,
information from several sources can, in
combination, serve as the basis for
scientifically defensible models of the
composition and structure of pre-European-
settlement grasslands and meadows and
eighteenth-century fallow fields. Such models
are a key input for defining desired conditions.

3.1 Historical Descriptions

I searched primary and secondary sources
at the Academy of Natural Sciences of
Philadelphia’s Ewell Sale Stewart Library, the
American Philosophical Society, the Historical
Society of Pennsylvania, and other repositories
of historical documents pinpointed by these
institutions’ digital indexes. I also solicited

3.2 Herbarium Records

I extracted pertinent data from the digitized
database of the Pennsylvania Flora Project
(2007), which includes the records associated
with approximately 400,000 voucher
specimens. Compiled from all the major
herbaria in the state, they represent nearly two
centuries of collecting effort at over 10,000
sites in Pennsylvania. The database includes
habitat information for each vascular plant
taxon, which is essentially the same
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The information used to develop desired
conditions for Valley Forge National
Historical Park includes:

 eyewitness descriptions from the time of
European first contact and early settlement,
and pertinent anthologies and interpretation
by later historians

* herbarium records pertaining to grasslands
and meadows in the park and region

* inventory of extant reference sites, including
remnants of long-persisting native grasslands
and meadows predating European settlement

* present-day distributions of plant species in
Valley Forge grasslands and meadows

* present, historical and potential occurrences
of all vascular plants and imperiled, rare or
declining animals

* evidence from paleoecological studies
pertaining to Quaternary disturbance regimes

contributions from colleagues with a
professional interest in the botanical history of
the region and combed through my personal
compilation of books, publications and
manuscripts, representing 35 years of
collection effort, pertaining to the region’s
prehistory, history and natural history.

information presented in Rhoads and Block
(2007).

Seeking useful regional generalizations
from the herbarium data, I first derived a
comprehensive list of the native vascular plant
species characterizing grasslands and
meadows across the Greater Piedmont, using a
progressive series of deletions from the nearly
3,000 vascular plant taxa known to be native
or naturalized in Pennsylvania (Pennsylvania



Flora Project 2007; Rhoads and Block 2007;
see Methods and Results in Latham and
Thorne 2007). Besides plants not documented
in the wild within the Greater Piedmont, taxa
were excluded that are either nonnative,
aquatic or semi-aquatic, hybrids, or whose
habitat description lacks any of the keywords
barren, clearing, field, grassy, meadow,
open/opening, roadside, pasture, serpentine,
or shore, or whose habitats in the state are
mainly open woods, wooded swamps,
peatlands, muddy shores or tidal marshes. The
755 species remaining are grassland/meadow
species, a term used in this document only for
plants native to the Greater Piedmont.

Herbarium records were used to identify
99 historical sites in southeastern Pennsylvania
with at least 10 grassland/meadow species co-
occurring, omitting serpentine grasslands
because of their more highly specialized
floras. Of the 755 grassland/meadow species,
609 were verified historically at three or more
of these sites by voucher specimens in major
herbaria such as the Academy of Natural
Sciences of Philadelphia (source: Pennsylvania
Flora Project 2007; T. A. Block, personal
communication).

With the resulting 99 sites x 609 species
matrix of presence/absence data I performed
detrended correspondence analysis (DCA), a
type of ordination, seeking patterns in species
composition relative to bedrock type and

3.3 Soil Analysis

Soil survey data (Table 4, p. 14) are
limited as a tool for interpreting VAFO soils
because survey descriptions of soil series and
types within series are generalized across
entire counties. Also, the criteria used to map
soil types may differ somewhat across the
county boundary bisecting VAFO because the
surveys were done at different times by
different authors. No detailed biogeochemical
or structural analyses have been performed
across the range of grassland and meadow

various plant traits such as wetland status. I
compared the results of DCA using all native
grassland/meadow species with DCA using
only those classified as “occasional,” “rare” or
“very rare” statewide by the Pennsylvania
Flora Project, omitting those tagged
“common” or “frequent” on the premise that
common species might discriminate less
clearly among different site types and thus
may merely obscure a pattern, if one exists.

Although herbarium records are hit-or-
miss with respect to Valley Forge National
Historical Park—no systematic botanical
survey of the area was undertaken until
recently—specimens and comments written on
herbarium sheets are the only data available on
the historical species composition of the park’s
grasslands and meadows. Herbarium records
from the park and vicinity span much of the
nineteenth and twentieth centuries. From these
records I compiled a list of all specimens of
Greater Piedmont native grassland/meadow
species labeled with collection site names of
places within 0.6 mile (1,000 m) of the
present-day boundaries of the park. In all, 867
specimens met these criteria; the most frequent
place names were Valley Forge (322
specimens), Audubon (303), Port Kennedy
(66), Valley Forge Manor (49), Betzwood
(44), Perkiomen Junction (40), Wetherills
Corner (19) and Valley Forge National
Historical Park (12).

soils in the park, but concentrations of some
minerals were analyzed as part of a 2007-2008
vegetation survey (Furedi 2008). Soils were
sampled from grasslands and meadows at 175
locations in a square grid with 150-m (490-ft.)
spacing. Each soil sample consisted of a
mixture of five subsamples taken from random
locations within a 25-m? (270-sq. ft.) plot
using a 19-mm (¥-in.) diameter probe to a
depth of 40 cm (16 in.). Soil data were limited
to laboratory chemical analyses.

23



3.4 Present-day Plant Species Diversity and Distribution

In 2007, Furedi (2008) overlaid a square
grid with 150-m (490-ft.) spacing on a map of
the park and conducted vascular plant surveys
in the 175 resulting grid cells (each 2.25 ha or
5.56 acres) that fell within grasslands or
meadows. The grid cells were independent of
the traditional grassland/meadow management
units in the park known as “fields” (Figure 5,
p. 25). A 5-m x 5-m (25-m” or 270-sq. ft.)
survey plot was at the center of each cell.
Species in plots were identified and each one’s
percent cover estimated. A 15-minute
meandering search in the rest of the grid cell
was used to tally species not present in the plot
and map the presence of nonnative invasive
plants. Surveys were conducted twice, in mid-
June—July and September 2007, to capture
species with different phenologies.

Using Furedi’s data (and methods
reviewed in Magurran 2004), I analyzed
vascular plant species richness at three scales.
Alpha (o) is diversity within the park’s
grassland and meadow habitats, expressed as
the average species richness of the 25-m”
(270-sq. ft.) vegetation survey plots. Gamma
(y) is the overall diversity across the park’s
grassland and meadow landscape, expressed as
the total species richness across all 175 plots.
Beta (p) is the species turnover among habitats
within the landscape, a measure of habitat
diversity.

Harrison’s modification of Whittaker’s
beta:

Br = 100 < (((v/0tmax) = /(N = 1))
(wWhere aumax = highest number of species in
any plot and N = number of plots) is an index
of beta diversity among multiple plots (V)
surveyed across a landscape. It is used to
compare different landscapes or surveys
conducted in different years in the same
landscape. It can range from 0 (no turnover
among samples) to 100 (every sample has a
unique set of species). I computed all three
statistics—a., Py and y—for all vascular plant
species present on the plots and again for
native species alone.
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I calculated evenness (the inverse of
dominance) among all species in each survey
plot using a variation of Simpson’s index:

Eyp =100 x (1/2((n; (n; — 1)/(N (N — 1)))/o.
(where n; = abundance of the ith species, N =
total abundance, and o = number of species in
the plot; to transform fractional percent cover
quantities to integer values, I set abundance =
estimated percent cover x 100). E;p 1s
independent of species richness. It can range
from near 0 (one species is highly dominant)
to 100 (all species are equally abundant).

I disregarded the widely used index
derived from information theory by Shannon
and Wiener, commonly called the Shannon
index, because it confounds the two
components of species diversity—richness and
evenness. Different Shannon index values
from multiple sites or from the same site at
different times give no indication whether the
disparities reflect different richness, different
evenness, or both (Magurran 2004).

I calculated the proportion of total plot
cover, species richness and proportion of total
species richness in each 5-m x 5-m vegetation
survey plot within two categories of plants—
native grassland/meadow species and
nonnatives. I compared medians and ranges of
these statistics between the 175 plots surveyed
at VAFO and 16 grassland plots surveyed
using the same methods at the one reference
site that is most comparable in size, land-use
history and soil conditions—the military
training corridor at Fort Indiantown Gap, 110
km (68 miles) west-northwest of VAFO.

In search of interpretable pattern in the
current distributions of plant species across the
grasslands and meadows of the VAFO
landscape, I performed DCA on the plot data.
Subsequently M. A. Furedi (personal
communication) repeated the analysis using
another ordination method, non-metric
multidimensional scaling (MDS or NMS). The
two methods often produce similar results but
one or the other may perform poorly under



Figure 5. Numbered fields (grassland and meadow management units) of Valley Forge National
Historical Park, superimposed on 2004 false-color infrared ortho imagery (U.S. Department of

Agriculture).

certain circumstances, therefore the prudent
course is to try both and compare results
(Holland and Patzkowsky 2006).

I mapped the aggregate abundance in the
survey plots of plant species in each of six key
functional groups. The mapping units were the
cells used in the survey, a grid of 2.25-ha
(5.56-acre) squares, each 150 m (490 ft.) on a

side. These were overlain on a base map of the
grassland and meadow management units
established by VAFO staff (Lambert 1992; see
Figure 5, above). The functional groups are:

* native perennial warm-season grasses (11
species)

* native perennial grassland/meadow forbs and
cool-season grasses (57 species)
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* native annual and biennial grassland/
meadow forbs and grasses (19 species)

* nonnative annual and biennial forbs and
grasses (36 species)

* nonnative perennial forbs and grasses (51
species)
* nonnative woody plants (11 species)

3.5 Species of Special Conservation Concern

Species surveys have been conducted in
VAFO for vascular plants (Newbold 1991—
1997; Heister 1994, 1997; Podniesinski et al.
2005; Draude 2008; Furedi 2008), vertebrates
(Wolf 1996; Yahner et al. 2001; Tiebout 2003;
Yahner et al. 2006) and butterflies (Ruffin
1994; Anonymous 1996). From these surveys I
extracted the findings on imperiled, rare or
declining species living in grasslands and
meadows. I also projected which additional
species of special conservation concern in the

3.6 Reference Sites

I assembled a tally of present-day
grasslands and meadows that are long-
persisting, have never been planted, and are
dominated by native grassland/meadow
species. They are located in the Greater
Piedmont or portions of adjacent ecoregions
where the native grassland/meadow species
differ very little from those of the Greater
Piedmont. Sources were my own fieldwork
over three decades and the collective
knowledge of colleagues, including
contributors to the database of the
Pennsylvania Natural Heritage Program and
authors of published descriptions of a few of
the target communities. The intent is to
provide an array of models for reclamation and
potential sources of local genotypes for
introduction or reintroduction of grassland/
meadow species of plants and animals.

For those few reference sites where plant
species inventories were conducted recently at
levels of search intensity comparable to the
2007 survey of VAFO grasslands and
meadows, I compared species richness of
native grassland/meadow plants and nonnative
plants. Only three reference sites have had
plant species cover surveyed quantitatively, as
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same groups might potentially be present, now
or in the future, using documented regional
species distributions (vascular plants:
Pennsylvania Flora Project 2007, T. A. Block,
personal communication; vertebrates:
Brauning 1992, Kirkland and Hart 1999,
McWilliams and Brauning 2000, Hulse et al.
2001, Mulvihill 2008, Pennsylvania Natural
Heritage Program 2010c; butterflies: Wright
2007, Pennsylvania Natural Heritage Program
2010a, B. Leppo, personal communication).

in the 2007 VAFO survey. For those sites and
VAFO I computed statistics for over 50
quantitative attributes suited for comparing
among sites and, potentially, for choosing
metrics to evaluate ecological characteristics
and set targets for desired conditions.

Some of those attributes, including overall
richness (y), within-patch richness (o), within-
patch evenness (£1/p) and between-patch
diversity (Bn), are explained above (p. 24).
Many are simple statistics: ranges and
quartiles; percentages of total species or cover
within certain species categories (e.g.,
nonnatives or herbaceous native grassland/
meadow species); and frequencies of survey
plots that meet specific criteria (e.g., greater
than 50% cover of native grasses or the
presence of milkweeds). Other attributes
calculated to compare among sites include:

* an index of relative sampling intensity =
total survey plot area as a percent of the total
plot area at VAFO

* an index of vegetation density = lower
quartile of total plant species percent cover
per plot



* another index of vegetation density = sum of
all species’ cover in a survey plot (can
exceed 100% where plants of one species are
positioned above those of another)

* an index of bare ground coverage = percent
of plots where species plant cover sum to
<100%

* another index of bare ground coverage =
average of 100% — total plant species cover
per plot, in plots with total plant species
cover < 100%

* an index of plant height diversity among
patches = average relative height of
herbaceous native grassland/meadow species
weighted by percent cover

Relative height is defined on a scale of five
height ranges or classes according to a species’
typical maximum height under favorable
growing conditions:

cm feet
1 <50 <1%
2 50-90 15 -3
3 100-160  3'2-5
4 170250  6-8
5 >260 9-10+

Plants often fail to reach their maximum
height in the wild because of resource
limitations or other constraints; nonetheless,
maximum height under favorable growing
conditions is a practical and readily calculable
relative index of plant size across a wide range
of conditions. That is because of an apparent

3.7 Quaternary Disturbance Regimes

I reviewed the paleoecology research
literature pertaining to vegetation and
ecological processes over the past 2.6 million
years in the Greater Piedmont and the Mid-
Atlantic Region, extracting material relevant to
the assembly and maintenance of grassland
and meadow communities during four key
time periods. The intervals of interest are:

trade-off between the capabilities of growing
tall and of thriving under harsh resource
limitation (Chapin et al. 1993). Species best
able to tolerate low nutrients, drought or other
resource scarcity are most often slower
growing and shorter in stature relative to
species of similar growth form. Species
capable of growing tall and rapidly under
favorable conditions typically are intolerant of
severe resource limitation.

Average relative height of herbaceous
grassland/meadow species, weighted by the
percent cover of each species present, was
calculated for each survey plot as:

E(C; » Hy)
()
where C; is the percent cover of the ith species
and H, is the height class of that species.

Analyses of relative height were restricted
to native herbaceous grassland/meadow
species even in plots dominated by nonnatives
or woody plants. The rationale: (1) they work
as indicators even if they are in the minority
because they must attain close to the
prevailing stature in a patch in order to
compete successfully and persist much longer
than a single season; and (2) they are the
principal indicators of nearly all other aspects
of desired condition. Similarly, analyses of
shrub and small tree density were restricted to
native grassland/meadow species on the basis
that progressing toward desired
grassland/meadow conditions will entail
removal of nonnative shrub and small tree
species and those mainly of forest habitats.

* Pre-human settlement (most of the last 2.6
million years

* Indian occupation (ca. 13,000-500 years
before the present)

» European contact, Indian depopulation and
early settlement (ca. 1500—1800)

* Recent (ca. 1800—present)
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3.8 Desired Condition Metrics and Target Values

Those desired condition metrics and target
values involving plant species diversity,
percent cover of species functional groups,
community structure, patchiness and habitat
for butterflies of special conservation concern
were developed based mainly on quantitative
analyses of plant species cover data from the
few relevant reference sites for which such
data are available. Because so little pertinent
data exist, much professional judgment is
involved; therefore ranking of target values
into ranges identified as “poor,” “fair,” “good”
and “excellent” are not definitive, but are
properly viewed as hypotheses to be tested.
How well the target value ranges reflect
relative quality under real-world conditions
may be tested using data gathered in future
years in grassland/meadow reference sites
across the Mid-Atlantic Region, as well as at
VAFO itself as grassland/meadow reclamation
and maintenance progress. However,
hypothesis testing in this case will be
somewhat subjective and future adjustments to
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target values based on monitoring data will
likewise rely to a large degree upon
professional judgment and consensus among
experts.

Metrics and target values at the level of
whole landscapes, such as total area and
contiguity of grassland and meadows in the
park as a whole, were developed from a
synthesis of the literature on the habitat needs
of grassland-interior bird species. Target
values also take into consideration the resource
potentials and constraints at VAFO.

Metrics and target values for populations
of plant and bird species of special
conservation concern require rough estimates
of abundance and distribution of each extant
species within the park and are based on crude
estimation of levels of abundance and patterns
of distribution required for long-term
population viability, given what is known
about each species’ life history and other
characteristics.



Results

4.1 Historical Context

Several historical periods are
pertinent to grassland and meadow desired
conditions in the park. The most recent, from
about 1800 to the present, is defined by the
abandonment of farming and the rise of
nonnative invasive plants. The three centuries
before 1800 marked the transition from mostly
forest to intensive agriculture, with fields
rotated through periods of fallow to permit
some recovery of soil fertility. Equally
important are the 2.6 million years before
then—particularly the last 13,000 years—
during which evolution, climate change,
natural disturbance, herbivory and human
impacts on the landscape gave rise to the
region’s native grasslands and meadows and
their component species. There is no evidence
confirming whether or for how long grasslands
and meadows existed within the present park
boundaries prior to European settlement, but
several lines of evidence point to the probable
combinations of species that comprised such
communities and the processes most likely to
have sustained them in the surrounding region.

4.1.1 The park era

VAFO began as Pennsylvania’s first state
park with the purchase of 89 ha (217 acres) by
the Commonwealth in 1893. The Valley Forge
Park Commission, the state agency responsible
for the site’s administration, gradually
acquired additional lands and:

... built carriage drives along the
entrenchment lines, constructed an
observation tower on Mount Joy,
established picnic areas, and erected
monuments to the brigades that had camped
at Valley Forge. The commission also
obliterated the existing agricultural
landscape to conform to ideas of suitable
grandeur. Barns and other agricultural
buildings, fences, and farm lanes were
removed, destroying the authentic setting
and historic sense of scale. Ornamental
groves of dogwoods and alleés of linden

trees were planted, and Mount Joy and
other areas of the park were reforested ...
although not in the patterns or with the
species that prevailed at the time of the
encampment. [National Park Service 2007]

The park was transferred to the National Park
Service (NPS) in 1976. By then piecemeal
land acquisition had increased the park’s area
to 913 ha (2,255 acres). With additional land
purchases and authorized boundary changes,
the park has grown to 1,340 ha (3,195 acres).

The present-day grasslands and meadows
were farmed for various lengths of time
beginning around 1700, when the first William
Penn land grantees carved farms out of mostly
forestland. Some were taken out of cultivation
when the state park was established in 1893
and others have been retired gradually since
then; some fields north of the Schuylkill River
were still leased for cultivation as recently as
2000. Most of the park’s 541 ha (1,340 acres)
now in grasslands and meadows have been
mowed annually since 1991. One result has
been a gradual increase in the abundance of
nonnative, invasive species that tolerate
mowing. The increase in nonnative plant cover
is steadily decreasing the overall quality and
capacity of the grasslands and meadows as
wildlife habitat.

4.1.2 Late eighteenth-century farming
practices

The 1777 encampment turned the
landscape into one dominated by mud and
tents, but in the decades before and after it was
a bucolic early American patchwork of
cultivated and fallow fields, pastures and
woodlots, with a few scattered houses, barns
and other buildings. Rhoads et al. (1989)
compiled information pertinent to land use
within the park’s current boundaries in records
from the late eighteenth century, including tax
records, estate inventories, deeds, depredation
claims for damages by British troops during
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the Revolutionary War, newspapers and other
miscellaneous documents. They summarized
1754—1785 data from twenty farms in and
adjacent to VAFO, painting a detailed picture
of how the land was used and in what
proportions. Among the twenty farms, 60%
had fields of wheat, 45% oats, 45% hay, 40%
rye, 35% flax, 30% corn and 30% potatoes,
25% had orchards, and a few grew other crops,
including buckwheat, hemp, hops, onions,
turnips, cabbages and pumpkins. Of the total
area in cultivation, only small fractions were
devoted to livestock: sheep (4.8%), cattle
(2.1%), horses (1.5%), swine (1.0%), and
smaller percentages to beehives, chickens,
turkeys and geese.

The relatively low numbers of livestock
indicate that animals were kept primarily to
satisfy domestic needs rather than as a
source of products for sale. Average
holdings included four cattle and three
horses. Six of the farms reported having
swine with an average of six per farm.
Fifteen of the farms included sheep with an
average of twelve per farm. [Rhoads et al.
1989, p. 41]

Eighteenth-century fallowing practices in
the region and their implications for desired
conditions are covered later under European
contact, early settlement and Indian
depopulation (pp. 77-78).

4.1.3 Native grasslands and meadows
throughout the Quaternary period

The time period during which the native
species that exist today evolved and
coevolved, underwent range shifts with
climate oscillations, and gradually moved into
the distributions they had around the time of
European settlement is crucially pertinent to
the desired condition of VAFO grasslands and
meadows. The Quaternary period, roughly the
last 2.6 million years, is the key time span. It
has been a time of great climatic fluctuation,
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with fifteen to twenty cycles of continental
glaciation interspersed with relatively warm
periods called interglacials, the most recent of
which, known as the Holocene epoch, we are
living in right now. Humans have lived in the
Valley Forge region for at least the last 13,000
years, longer than the Holocene epoch, the
start of which is often pegged at around 10,000
years ago when the polar ice caps had melted
back close to their present size.

For the purpose of analyzing vegetation
development in the VAFO region, particularly
of grasslands and meadows, the Quaternary
period before large-scale European settlement
is divided into three intervals. In reverse
chronological order, with brief descriptions of
the prevailing vegetation, they are:

» European contact, early settlement and
Indian depopulation (ca. 1500—-1777)—
mainly forest, with scattered remnant
grassland and meadow that had not yet
reverted to forest.

* Continuous Indian occupation (ca. 13,000—
500 years ago)—vegetation mosaic, mainly
forest with scattered large areas of grassland
and meadow; strong influence of fire on
community composition and distribution,
mainly due to Native Americans’ use of fire
to manage the landscape.

* Pre-human settlement (most of the last 2.6
million years)—alternating warm and cold
climates with repeated recolonization and
reassembly of temperate zone vegetation in
the region; strong influence on community
composition by large herbivores, most of
which simultaneously became extinct around
13,000-11,000 years ago.

Information from these eras pertinent to
the region’s grasslands and meadows is
covered later under Quaternary disturbance
regimes (pp. 72-82).



4.2 Historical Grassland and Meadow Conditions in the Greater Piedmont

4.2.1 Early historical descriptions

The earliest surviving descriptions of
vegetation in the Greater Piedmont and
surrounding ecoregions date from the
seventeenth and eighteenth centuries. They
referred to individual species only rarely and
those that did, mentioned only one or a few
that caught the interest of the chronicler. The
first detailed descriptions of plant communities
come from the mid- to late nineteenth century.
They are rare treasures for the ecological
restorationist, so rare that several years of
intensive searching by local historians of
botanical exploration have turned up only a
handful for the entire state of Pennsylvania
(Latham and Rhoads 2006). The few historical
descriptions that exist of the region’s
grasslands and meadows are the only available
sources of information about the species
composition of these plant communities before
they were greatly altered by invasive exotic
plants and introduced pathogens and
herbivorous insects from other parts of the
world, as well as land-use fragmentation,
overbrowsing by unprecedented high deer
populations, acid rain, and wildfire
suppression. These descriptions are
summarized in Appendix B (pp. 133-151).

Until the late 1800s, no one attempted
comprehensive lists of species growing in
grasslands or meadows and—except for Pehr
Kalm’s misidentification in 1749 of some local
grassland species as the tropical Andropogon
bicorne (Appendix B, pp. 143-144)—no one
mentioned any particular grass species. A few
were described but only vaguely, usually in the
context of remarks on significant treeless areas
or areas with sparse trees, for instance:

The bean-grass in many places, reached up
to my horses back, and stood as thick as
though it had been sowed. [Near Pine Creek,
Armstrong County, Pennsylvania; Ettwein
1772, reprinted in Jordan 1901]

On each side of it [the path] as far as we
could see, wild grass had grown in
abundance. Some places, owing to the

herbage, emitted a most fragrant smell, and
we frequently had the pleasure of viewing
flowers of various hues. [Near Tunkhannock
Creek, Wyoming County, Pennsylvania;
Rogers 1779, reprinted in 1890 in the
Pennsylvania Archives|

Much thick grass ... unfavorable to the
growth of trees because the seeds are either
swept away or rot faster than they can find
lodgement on the ground. [Somerset Glades,
Somerset County, Pennsylvania; Schopf
1783-1784]

This place ... is without a tree, or the signs of
any ever being there. It produces a long
grass, which soon turns yellow and perishes.
[Bald Eagle Valley, Centre, Clinton or Blair
County, Pennsylvania; Hazard 1831, quoted
in Losensky 1961]

Upon many of the surrounding hills ...
nothing is to be met with, except the same
species of long grass already taken notice of.
[Near Frankstown, Blair County,
Pennsylvania; Hazard 1831, quoted in
Losensky 1961]

The land was without timber, covered with a
rich, luxuriant grass, with some scattered
trees, hazel bushes, wild plums and crab
apples. [The Barrens in Conococheague
Valley, Franklin County, Pennsylvania; Day
1843; Rupp 1846]

The earliest all-inclusive species lists were
compiled in the late nineteenth and early
twentieth centuries. The first comprehensive
survey in the region of a site that included
grasslands or meadows may have been the one
conducted over three years beginning in 1884
by amateur botanists John and Harvey Ruth on
Wykers Island, now called Lynn Island, in the
Delaware River, Bucks County, Pennsylvania.
It is a unique “snapshot” of the species comp-
osition of a riverine floodplain from a time
before most of the floodplain communities in
the region were greatly altered by invasive
plants and plant pathogens introduced from
Eurasia. Of the 197 species of vascular plants
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documented by the Ruths, 97 were native
herbaceous species typical of grasslands and
meadows (Latham and Rhoads 2006). They
identified 30 nonnative herbaceous species at
the site, but in low numbers, in strong contrast
to the overwhelming dominance of nonnative
species in the site’s herbaceous layer today
(White and Rhoads 1996).

The most complete historical descriptions
of native grassland or meadow floras in the
Greater Piedmont were made about a century
ago of 24 serpentine grasslands in the
Piedmont uplands (Harshberger 1903; Pennell
1910, 1912). Like most botanical surveys until
relatively recently, they were not quantitative.
However, species inventories (Pennell 1910,
1912) were thorough, representing years of
fieldwork, and major species were ranked
according to dominance or relative abundance
for a few sites (Harshberger 1903). By the
time of these surveys, European land-use
practices and imported plants had been
influencing the region’s flora for over 200
years, but serpentine grasslands were in all
probability the least altered of native
grasslands or meadows in terms of species
composition because of their unusual soils,
derived from serpentinite bedrock, which can
greatly delay invasion by all but a very few
nonnative species and most of the native
species typical of forest succession. The

species composition of serpentine grasslands is

somewhat atypical due to those soils but the
majority of plants are widespread in their
distribution and occur regularly in other types
of grasslands and meadows.

Generalizations supported by the
information in Appendix B include:

* Grasslands and meadows were widespread at

the time of European contact and early
settlement, perhaps accounting for as much
as 520—-600 km? (200-230 square miles) of

land scattered across the Greater Piedmont in

many small and a few large tracts.

* Grassland and meadow occurred in areas
underlain by a variety of bedrock types, but
calcareous bedrock (mainly limestone and
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dolomite) may have accounted for the largest
total area.

Most areas that were called “barren” at the
time of first European contact on account of
their grassy or scrubby vegetation actually
proved to be fertile farmland or quickly
reverted to forest.

Until European settlement, burning was
common but in all likelihood highly variable
in return interval, intensity and severity. A
customary return interval of 3—4 years was
mentioned by one source contemporaneous
with Indian occupancy.

Burning in early spring was continued into
the colonial period by some residents of
European descent to maintain grasslands, but
the practice was discouraged by the
provincial government of Pennsylvania and
eventually fell out of favor.

Grassy savanna was a common
physiognomic form.

Grass species were not identified before the
late nineteenth century but early accounts
make clear that tall grasses were major
components in early grasslands. Upland
grasses that fit the descriptions include
Indiangrass (Sorghastrum nutans), big
bluestem (Andropogon gerardii) or eastern
gamma grass (Tripsacum dactyloides).

Several grassland/meadow specialist forbs
that are now uncommon or extirpated in the
Greater Piedmont occurred in abundance in
some early grasslands, meadows or fallow
fields, including lupine (Lupinus perennis),
Indian paintbrush (Castilleja coccinea),
orange-grass (Hypericum gentianoides) and
pearly-everlasting (Anaphalis margaritacea).
These examples are all short in stature,
which indicates that the habitats where they
were described as abundant were not densely
populated with tall grasses or forbs.

Early grasslands and meadows were
characterized by a high degree of patch
diversity within sites in vegetation type and
plant density. Also typical were idiosyncratic
differences among sites in species



composition and in the presence and relative
abundance of various patch types, even
between sites separated by short distances.

4.2.2 Historical grassland and meadow
plant species composition based on
herbarium records

Of 755 native vascular plant species
considered to be grassland/meadow specialists
in the Greater Piedmont (for methods used to
identify them see Herbarium records, pp. 22-
23), 333 are documented historically from
VAFO and its immediate vicinity by
herbarium voucher specimens. They are listed
in Appendix C (pp. 153-206) with their present
and historical status at Valley Forge. Omitting
15 species in the regional native grassland/
meadow flora that are narrowly restricted to
specialized habitats absent in the park, the
remaining 740 species are potential inhabitants
of the park’s grasslands and meadows (see
Table 11, p. 34). The park is unlikely ever to
harbor more than perhaps 300—400 of those
species but all are included in Appendices D
(527 common species; pp. 207-237) and E
(213 species of special conservation concern;
pp- 239-252). For each species, Appendices D
and E list conservation status, wetland status,
height category, tolerances of common
stressful conditions, VAFO status, and
frequency among historical reference sites.

To conduct exploratory analyses of
historical distributions of plant species across
the Greater Piedmont, from herbarium records
I selected 121 sites where more than 10 of the
755 gra