An Ecological Characterization of White Clay
Creek State Park, New Castle County, Delaware

Delaware Natural Heritage Program
Division of Fish and Wildlife
Department of Natural Resources and Environmental Control
4876 Hay Point Landing Road, Smyrna, DE 19977
302.653.2880

An Ecological Characterization of White Clay Creek State
Park, New Castle County, Delaware

FINAL REPORT

Submitted to:
Delaware Division of Parks and Recreation
Department of Natural Resources and Environmental Control
89 Kings Highway
Dover, DE 19901

July 2000

Prepared by:
Karen A. Bennett…..Information Manager
Peter J. Bowman…..Community Ecologist
Christopher M. Heckscher…..Zoologist
William A. McAvoy…..Botanist
Eric F. Zuelke…..Associate Biologist

Delaware Natural Heritage Program
Division of Fish and Wildlife
Department of Natural Resources and Environmental Control
4876 Hay Point Landing Road, Smyrna, DE 19977
302.653.2880

Document No. 40-05000302

Cover Photograph: purple fringeless orchid (Platanthera permoena). Copyright USDA, NRCS, 1997 Northeastern Wetlands Flora, PLANTS program.

White Clay Creek State Park

T ABLE

OF

Table of Contents

C ONTENTS

TABLE OF CONTENTS ....................................................................................................................................... i
TABLE OF TABLES ........................................................................................................................................... iii
TABLE OF FIGURES ......................................................................................................................................... iv
PROGRAM DESCRIPTION ............................................................................................................................... 1
ACKNOWLEDGEMENTS .................................................................................................................................. 2
EXECUTIVE SUMMARY ................................................................................................................................... 3
CHAPTER 1: INTRODUCTION ....................................................................................................................... 4
CHAPTER 2: SITE DESCRIPTION.................................................................................................................. 6
LOCATION .......................................................................................................................................................... 6
TOPOGRAPHY – SOILS ....................................................................................................................................... 6
CLIMATE ............................................................................................................................................................ 7
CHAPTER 3: HISTORICAL PERSPECTIVE ................................................................................................. 8
PAST BIOLOGICAL SURVEYS ............................................................................................................................. 9
CHAPTER 4: BIOLOGICAL SURVEYS........................................................................................................ 11
NATURAL COMMUNITY SURVEYS ................................................................................................................... 12
Poor-Quality Areas .............................................................................................................................................. 14
Upland: ........................................................................................................................................................... 14
1. Land-use history: .................................................................................................................................. 15
2. Alien species ........................................................................................................................................ 15
3. Forest fragmentation............................................................................................................................. 16
Floodplain:...................................................................................................................................................... 17
Good-Quality Areas ............................................................................................................................................. 17
Natural Community Descriptions: .................................................................................................................. 19
Forest community types - .......................................................................................................................... 19
Herbaceous community types - ................................................................................................................. 23

BOTANICAL SURVEYS ...................................................................................................................................... 27
Vascular plants ............................................................................................................................................ 27
Alien Plant Species .............................................................................................................................................. 32
Priority Invasive Alien Plants ......................................................................................................................... 33
Other Invasive Alien Plant Species ................................................................................................................ 35
Rare Vascular Plants ............................................................................................................................................ 38
Aquatic Plants................................................................................................................................................. 39
Ferns and Fern Allies...................................................................................................................................... 39
Grasses ........................................................................................................................................................... 40
Sedges............................................................................................................................................................. 41
Broad-leaved Herbaceous Plants .................................................................................................................... 43
Deciduous Woody Shrubs .............................................................................................................................. 49
Herbaceous Vines ........................................................................................................................................... 49
Pond Habitat ........................................................................................................................................................ 50

Bryophytes ................................................................................................................................................... 50
ZOOLOGICAL SURVEYS ................................................................................................................................... 58
Avian Surveys ............................................................................................................................................... 58
Forest Birds.......................................................................................................................................................... 64
Grassland Birds.................................................................................................................................................... 65
Noteworthy Species-Specific Results .................................................................................................................. 65

Delaware Natural Heritage Program

i

Table of Contents

White Clay Creek State Park

Herpetile Surveys ......................................................................................................................................... 70
Habitat-Specific Results....................................................................................................................................... 72
Noteworthy Species-Specific Results .................................................................................................................. 74

Freshwater Mussels Surveys ........................................................................................................................ 76
Fish .............................................................................................................................................................. 79
Noteworthy Species-Specific Discussion............................................................................................................. 82

Odonate Surveys .......................................................................................................................................... 84
Noteworthy Species-Specific Results .................................................................................................................. 86

Butterfly Surveys .......................................................................................................................................... 88
Noteworthy Species-Specific Results .................................................................................................................. 89

CHAPTER 5: SUMMARY ................................................................................................................................ 91
SIGNIFICANT FINDINGS.................................................................................................................................... 91
THREATS .......................................................................................................................................................... 94
CHAPTER 6: MANAGEMENT RECOMMENDATIONS............................................................................ 97
LITERATURE CITED ..................................................................................................................................... 102
APPENDIX 1: NATURAL HERITAGE RANKING SYSTEM ...................................................................... 120
Global Rank ............................................................................................................................................... 120
State Rank .................................................................................................................................................. 121
APPENDIX 2: Vascular plants of White Clay Creek State Park. ..................................................................... 123
APPENDIX 3: Alien plant species of White Clay Creek State Park. ................................................................ 149
APPENDIX 4: Bryophytes of White Clay Creek State Park............................................................................. 157
APPENDIX 5: Animals (excluding mammals) of White Clay Creek State Park. ............................................. 161
ADDENDUM 1. Key corresponding to map of rare plant and Bog turtle locations; map supplied to the
Delaware Division of Parks and Recreation only. ................................................................. 167

ii

Delaware Natural Heritage Program

White Clay Creek State Park

T ABLE

OF

Table of Tables

T ABLES

Table 1: Natural communy types identified in White Clay Creek State Park...................................................... 18
Table 2: Description of abundance ranks applied to plant taxa at White Clay Creek State Park. ....................... 28
Table 3: Description of threat ranks applied to alien plant species found at White Clay Creek State Park. ........ 29
Table 4: A summation of the flora of WCCSP based on surveys from 1988 to 1999 ......................................... 30
Table 5: Number of bryophyte taxa (species and varieties) found in each section surveyed……………………52
Table 6: Bryophyte species occurring survey sections in White Clay Creek State Park. .................................... 53
Table 7: Breeding-season avifauna of White Clay Creek State Park in 1999...................................................... 60
Table 8: Avian species previously found breeding within White Clay Creek State Park. ................................... 62
Table 9: Species previously reported White Clay Creek State Park. ................................................................... 62
Table 10: Nests found at White Clay Creek State Park in 1999. ......................................................................... 63
Table 11: Reptiles and amphibians found in White Clay Creek State Park.... ..................................................... 71
Table 12: Fish species recorded from the upper White Clay Creek.. .................................................................. 81
Table 13: Odonate species found in WCCSP in 1999. ........................................................................................ 85

Delaware Natural Heritage Program

iii

Table of Figures

T ABLE

OF

White Clay Creek State Park

F I GURES

Figure 1: Location of White Clay Creek State Park. ......................................................................................... 110
Figure 2: Features of White Clay Creek State Park. .......................................................................................... 111
Figure 3: Locations of survey sites. ................................................................................................................... 112
Figure 4: Land-cover classification and natural communities. .......................................................................... 113
Figure 5: Areas of high bryophyte diversity and plant survey sites. ................................................................. 114
Figure 6: General distribution of rare plants...................................................................................................... 115
Figure 7: Noteworthy avian observations. ......................................................................................................... 116
Figure 8: Noteworthy reptile and amphibian habitats. ...................................................................................... 117
Figure 9: Densities of S1 - S3 plants and S1 - S2 animals. ............................................................................... 118
Figure 10: Areas of recommended grassland maintenance and forest restoration............................................. 119

iv

Delaware Natural Heritage Program

White Clay Creek State Park

Program Description

P ROGRAM D ESCRI PTION
The purpose of the Delaware Natural Heritage Program (DNHP) is to maintain the most accurate and
up-to-date information on the distribution and status of the native flora, fauna, and natural
communities in Delaware, with an emphasis on rare species, and to provide this information and
expertise to others for conservation purposes. With the input of relevant specialists, we maintain upto-date ranks for rarity at the state level, and have access to parallel information at the national / global
level. From the “big picture” information on global status down to the site-specific information on
individual populations, we aim to provide the most comprehensive data for Delaware’s rare species
and natural communities.
The DNHP is staffed by a community ecologist, a zoologist, a botanist, an associate biologist, an
information manager, and a program coordinator. Together, the program has over thirty years of
professional experience in conservation science. Program staff conduct comprehensive biological
inventories of natural areas of the state of Delaware. In addition, data from cooperators, partner
institutions, and the literature is obtained in order to build the most comprehensive database on the
native flora, fauna, and natural communities of Delaware.
Our expertise and database are used for a wide variety of purposes, both internal and external to state
government. Our staff provides environmental review of sites; there is a nominal charge to cover staff
time, but this is generally waived for government and non-profit agencies. Staff expertise is available
to government and non-profit conservation agencies to assist with conservation planning. In addition,
each year we take on a limited number of detailed projects - focused on a particular site, group of
organisms, or habitat type - and summarize our findings in reports. For a list of reports and
publications by DNHP staff, visit our website at http://www.dnrec.state.de.us/fw/fherit2.htm.
The program is part of the Delaware Division of Fish and Wildlife, Department of Natural Resources
and Environmental Control, and receives scientific and personnel support through a cooperative
agreement with The Nature Conservancy, a non-profit international land conservation organization.
The DNHP is a member of the Association for Biodiversity Information, an international affiliation of
heritage programs and conservation data centers whose goal it is to build national and global datasets
of biodiversity information. Our office is in the Aquatic Resources Education Center on Route 9, east
of Smyrna, DE.
Delaware Natural Heritage Program
Delaware Division of Fish and Wildlife
Department of Natural Resources and Environmental Control
4876 Hay Point Landing Road
Smyrna, Delaware 19977
302/653-2880, 2881
FAX 302/653-3431

Delaware Natural Heritage Program

1

Acknowledgements

White Clay Creek State Park

A CKNOWLEDGEM ENTS
Funding for this project was provided by the Delaware Division of Parks and Recreation, Department
of Natural Resources and Environmental Control. Lynn Broaddus, Delaware Natural Heritage
Program (DNHP) Coordinator, helped secure funding for this study and provided helpful comments on
drafts of this report. The DNHP would like to thank Janet Ebert for conducting surveys of the plants
of WCCSP, and for her efforts in going beyond the call of duty to provide hand-drawn maps and
detailed descriptions of habitats and species. We also thank Jack Holt for assisting with fields surveys
for plants. We would also like to thank Nick McFadden, Debbie Paruszewski, and the staff of
WCCSP for their assistance and cooperation with field surveys. Rob Line and Ron Vickers also
provided valuable background information on the park. We would like to thank Lesley Sneddon of
The Nature Conservancy for her input on community descriptions. Thanks go to a number of
individuals for their assistance with zoological information. Dorothy Miller provided extensive
information on bird species sightings. Jim White collected herpetological data and provided
descriptions on occurrences. Information on Bog Turtle populations was provided by Alice Doolittle;
Dick Smith provided field data on Lepidopterans. Hal White provided field data on Odonates, as well
as assistance with identification and valuable advice. Collection of field data on freshwater mussels
was assisted by Bob Jones, Beau Willsey, Kiersten L. Curti, and Jackie Tsou; Craig Shirey provided
data on fish populations in White Clay Creek.

2

Delaware Natural Heritage Program

White Clay Creek State Park

Executive Summary

E XECUTI VE S UMM ARY
White Clay Creek State Park (WCCSP) is one of Delaware’s most significant natural areas. This park
has always been considered important for harboring many species of plants and animals in the midst of
expanding suburban and urban development in the Piedmont region of the state. However, much of
this information was located in scattered publications or in the notes of those who have studied the
flora and fauna of the park for many years. With the recent acquisition of lands in WCC and a
regional increase in population further isolating the park, a comprehensive survey of biological
resources found in WCCSP is critical to ensure their protection. In 1999, Delaware Natural Heritage
Program biologists and contracted specialists conducted field surveys of the natural plant communities,
vascular and nonvascular plants, and selected animals (i.e., birds, reptiles, amphibians, damselflies,
dragonflies, butterflies, freshwater mussels) found in the park. These data were supplemented with
information acquired during previous surveys of the area (i.e., fish and for all other taxa previously
mentioned). This report summarizes our findings and provides management recommendations for
protecting and restoring the biological resources of WCCSP.
Our results indicate that WCCSP provides refuge for many species of conservation concern, and
contains natural communities that are considered rare in the state. However, although 75% of WCCSP
is forested and this area is especially important for forest-dependent birds, invasive alien plants are
widespread throughout much of the park and threaten the natural diversity of plant communities and
many of the rare plants found here. As a result, only 16% of WCCSP’s forests are considered to be
good quality in terms of their natural vegetation. Furthermore, forested tracts found at WCCSP are
fragmented and reforestation efforts will be necessary to increase interior forest habitat for many
plants, and particularly birds. Restoration efforts are needed to prevent further erosion and
sedimentation of riverine and wetland habitats that are critical for many rare species, including native
fish, dragonflies, damselflies, and amphibians. Recreation management will be key to preventing
degradation of sensitive natural features within park (e.g., steep-sided forested ravines, rock outcrops).
Detailed accounts of the natural communities, plants, and animals that were identified in WCCSP are
included in this report, as well as specific management recommendations for protection and /or
restoration of their habitats.
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C HAPTER 1: I NTRODUCTI ON
White Clay Creek State Park (WCCSP; except where noted, this includes the newly acquired Judge
Morris Estate), located in northwestern New Castle County, is one of Delaware’s most ecologically
significant natural areas. Like the Great Cypress Swamp Conservation Area on the Coastal Plain of
southern Sussex County, the Piedmont forests and unique wetlands found within WCCSP provide
important refuge for a diversity of species, many of which are imperiled. The park’s importance to
plants, birds and many other animals has been recognized by local professional and avocational
biologists for decades. This report combines the collective experience of these individuals with a
comprehensive biological inventory conducted by the Delaware Natural Heritage Program (DNHP).
The park’s role as a refuge for a variety of species is extremely important when considering the
landscape that surrounds it. Much of the Piedmont region of the state has been converted into
residential and commercial development, with little left for the plants and animals that require large
forested areas and wetlands in order to maintain viable populations. Without the critical habitat
provided by natural areas like WCCSP, many of these species would likely disappear from our state.
The effects of those losses would be felt regionally as well, and thus it is important that Delaware
continue responsible stewardship of the critical natural resources of WCCSP.
The agency responsible for managing this park, and thousands of acres in other Delaware state parks,
is the Delaware Division of Parks and Recreation (Delaware Department of Natural Resources and
Environmental Control). Their management responsibility lies not only with providing recreational
and cultural opportunities for the public, but also with the management and protection of natural
resources found in state parks and natural areas. The latter issue is becoming especially critical as
development pressure increases throughout Delaware, particularly in New Castle County. The
Division of Parks and Recreation recognizes that current approaches to land use and natural resource
management need to be adjusted to address increased visitation and demands to have more access to
park resources. In response to these issues, the Division has begun developing master plans for
priority park lands. One goal of their master plan is to determine which areas contain biological
resources that need to be protected and / or restored. Thus, the foundation of a sound master plan
identifies the distribution of biological resources and their management, conservation, and restoration
needs. This natural heritage inventory will provide the solid grounding on which a master plan can be
developed.
Furthermore, it is anticipated that the information found in this report will be useful for land-use
planning beyond the boundaries of WCCSP. For example, protection of riparian corridors and
associated wetlands has been identified as one of the top three environmental priorities for the
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Piedmont Basin (Whole Basin Management - Piedmont Team; L. Broaddus, personal communication).
This was identified as a critical issue because of the role these areas play in the maintenance of water
quality, drinking water supply, and fish and wildlife habitat, including rare and endangered species.
Both water quality and quantity have proved to be significant issues for the Piedmont region.
Expanding development in New Castle County threatens to degrade water quality and a heightening
demand for increased water supplies will inevitably lead to periodic consideration of WCCSP as a
potential reservoir site. Baseline data is needed on the biological resources found in White Clay Creek
and the surrounding uplands in order to: (1) identify areas that are pristine and require protection, (2)
identify areas that are degraded and require restoration, and (3) enable long-term monitoring of natural
community and species-specific changes.
In addition to the threat that widespread development in this area poses to the natural resources of
WCCSP, there is also a widely recognized threat from invasive alien plant species. Plants that are not
native to this region are quickly establishing themselves in places once thought resistant to
encroachment from alien plants. In disturbed areas as well as mature forests, non-native species are
crowding out the native flora, altering or eliminating the natural assemblage of plants one might expect
to find in this region. This problem needs to be addressed before these species completely dominate
the park, and cause some of this region’s rarest species to disappear.
The goal of this study was to develop an ecological characterization of WCCSP by collecting and
analyzing baseline data on the biological resources found in the park and to provide recommendations
to the Division of Parks and Recreation for protection and restoration opportunities. The objectives of
this study were to: (1) Review the existing literature to determine land-use history and compile and
review data from past biological surveys; (2) Inventory the current vegetation composition of the
forests and wetlands of the park; (3) Map patterns in the quality of plant assemblages and identify
factors contributing to areas that are degraded; (4) Inventory alien plant species, particularly those
considered invasive, and determine and prioritize the threat posed by these species to native plants; (5)
Inventory vascular and nonvascular plant species and determine rare species distributions within the
park and management needs to maintain or increase their populations; (6) Determine the distribution
and abundance of animal species of conservation concern and identify their management needs; (7)
Identify areas in need of protection and restoration; and (8) Develop priorities for protection and
restoration. We present our results below with the hope that they will serve not only the Division of
Parks and Recreation, but will also be used by land managers, conservationists, and land-use planners
to better understand the significant biological resources found in this region.
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C HAPTER 2: S ITE D ESCRIPTION
L OCATION
White Clay Creek State Park (WCCSP) is located on 1,284 ha (3,171 acres) in northwestern New
Castle County (Fig. 1). A portion of the park is part of the bi-state White Clay Creek Preserve, which
includes 507 ha (1,253 acres) in adjacent Pennsylvania. WCCSP is comprised of the original Walter
S. Carpenter State Park and White Clay Creek Preserve, as well as recent acquisitions such as the
Possum Hill Section. Together, these areas cover 1,079 ha (2,664 acres), and the recently acquired
Judge Morris Estate (JME), which covers 205 ha (506 acres) along Polly Drummond Hill Road, east
of the main part of the park (Fig.2). These two are connected by Middle Run Natural Area, which is
managed by New Castle County. Collectively, WCCSP and Middle Run Preserve comprise a
protected area of almost 1,741 ha (4,300 acres) in the midst of the rapidly developing suburban sprawl
of northern New Castle County.

T OPOGRAPHY – S OILS
WCCSP lands lie within the White Clay Creek, Middle Run and Pike Creek watersheds in the
Piedmont physiographic province. The topography of this area is characterized by rolling terrain and
steep-sided stream valleys. Elevation in the park ranges from 21 m (70 ft) above sea level on the
banks of White Clay Creek to 107 m (350 ft) at the highest point, between White Clay Creek and
Middle Run, in the Possum Hill section of the park.
WCCSP is underlain by formations ranging in age from over 600 million years to the recent Columbia
formation (recent surficial alluvial deposits) of the Holocene epoch. The geology of WCCSP is
dominated by rocks of the Wissahickon formation, although the southern portion of the Judge Morris
Estate is underlain by the Wilmington formation. Both of these formations consist of metamorphic
rocks such as gneisses and schists, but the Wissahickon formation tends to have more rugged
topography than the Wilmington (Plank & Schenck 1998).
Soils of the uplands at WCCSP are primarily of the Glenelg, Manor, and Chester series, which are
loamy soils characteristic of slopes and ridgetops. In the floodplains and low areas, the soils are
typically in the Codorus, Comus, and Hatboro series. The Codorus and Comus series are well-drained
silty loams, while the Hatboro series is a poorly-drained silty loam. In the section of Judge Morris
underlain by rocks of the Wilmington formation, soils in the Elsinboro and Keyport series can be
found. Elsinboro soils are well-drained silty loams characteristic of terraces along the transition from
the Piedmont to the Coastal Plain. The Keyport series soils are comprised of moderately well-drained
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silty loams that contain some clay, and are more typical of uplands in the Coastal Plain than in the
Piedmont (Matthews & Lavoie 1970).

C LIMATE
Climate data for WCCSP were recorded at the Newark weather station in New Castle County,
Delaware. The climate of the White Clay area is typical of the mid-Atlantic coast, with cool winters
and warm humid summers. The mean annual temperature is 12.5ºC (54.5ºF) with a maximum average
temperature of 24.6ºC (76.3ºF) in July and a minimum average temperature of 0.3ºC (32.5ºF) in
January. The average annual precipitation for this area is 109.0 cm (42.9 in). The months of July and
August have the highest average amounts of rainfall, with 11.3 cm (4.5 in) and 10.2 cm (4.0 in),
respectively (Leathers 1999).
During the 1999 survey period, Delaware was experiencing a severe drought, which was affecting
much of the eastern United States. May, June, and July all had below-average rainfall, with July,
normally the wettest month of the year, receiving only 1.4 cm (0.55 in) of precipitation. This
extremely dry summer was followed in September by Hurricane Floyd, which dumped approximately
23 cm (9 in) of rain on the White Clay area, in turn raising the water level in the creek to over 5 m (17
ft) (USGS 1999). Most of the surveys had been completed by this time, so the effects of this storm are
not evident in the data summarized in this report. However, it should be noted that this hurricane did
have significant impacts on some areas of WCCSP, especially the floodplain habitats, which
experienced severe disturbance due to flooding.
In addition to the lack of precipitation, the summer of 1999 was one of the hottest on record, with an
average July temperature of 27.1ºC (80.7ºF). This was the highest average temperature recorded for
the month in the past 50 years. This combination of high temperatures and dry conditions undoubtedly
affected the flora and fauna that were sampled at WCCSP, but with only a single year’s data, these
effects are nearly impossible to quantify.
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C HAPTER 3: H ISTORI CAL P ERSPECTIVE
The state of Delaware began acquiring land for what was to become White Clay Creek State Park in
1968. However, the White Clay Creek valley has a history of human habitation that stretches back
centuries. Prior to European settlement, the valley was home to bands of native Americans that made
their camps on the floodplain and high, flat ridges above the creek. Estimates by archaeologists
suggest that native Americans could have been in the valley as long ago as 10,000 years before present
(Wise 1985). Archaeological surveys have identified at least two significant sites with extensive
evidence, in the form of stone artifacts, of these original inhabitants (Wise 1986).
Historical records indicate that the first Europeans were Dutch and Swedish settlers that arrived around
1610. However, the first known European settlements in the area currently known as WCCSP
occurred in 1683. Eventually, the entire WCCSP area would be divided into parcels which were
cleared for agriculture. Agriculture was primarily restricted to the uplands, as most of the slopes were
too steep for farming. This topography afforded a degree of protection to many of the forested areas of
the valley, and allowed some of them to remain in tree cover (Wise 1986).
It was these remnants of forest in the scenic valley that provided the impetus for the creation of a state
park along White Clay Creek. In 1960, a report was published detailing the needs for public parkland
in northern New Castle County (New Castle County Park and Recreation Commission 1960). As a
result of industrialization and urbanization, the county was experiencing rapid population growth. In
the section on White Clay Creek Hundred and northern Pencader Hundred, the report mentions a study
conducted in 1956 on the availability of open space in the region and appropriate locations for parks.
However, “no action was taken, and now at the beginning of 1959, more open space has been lost and
the problem is all the more acute.” It is somewhat discouraging that the complaints expressed forty
years ago are the same ones that are still heard today.
The report highlighted White Clay Creek as a potential location for a “stream valley park.” By this
time, most of the area currently occupied by WCCSP was owned by the DuPont Company. However,
a critical threat to the valley had been developing over many years. Water shortages during drought
years were creating pressure to build a new reservoir to provide water to the rapidly expanding
population of northern Delaware. In 1964, the state assembly authorized the county to develop a plan
for a water supply system in the White Clay Creek valley. As a result, in 1967 a plan for a dam and
reservoir was presented (Whitman, Requardt & Assoc. 1967). However, public opposition to the
reservoir was dramatic, and by 1968 public support led to the establishment of White Clay Creek State
Park.
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Beginning with 9.8 ha (24.7 acres) in 1968, WCCSP has grown through numerous acquisitions to its
current 1,284 ha (3,171 acres). In 1984, with a large donation from the DuPont Company, Delaware
and Pennsylvania joined forces to create the bi-state White Clay Creek Preserve, an area jointly
managed by the two states. The Preserve includes an additional 507 ha (1,253 acres) in Pennsylvania.
In 1994, an effort was begun to get White Clay Creek designated a “Wild and Scenic River,”
according to the guidelines of the National Wild and Scenic River Program, which is administered by
the National Park Service (United States Department of the Interior 1999). If successful, it is hoped
that this would afford White Clay Creek and its watershed an additional level of protection from
development of surrounding areas and increase public awareness of this valuable natural resource.

P AST B IOLOGICAL S URVEYS
In 1974, the state contracted with Charles T. Main, Inc. to develop a Master Plan for WCCSP (Main
1974). This plan recommended a number of new amenities in the park, including a stable, a
swimming pool, and an amphitheater. However, like the plan for the reservoir in 1967, the Master
Plan did not include any information on the biological resources of the park.
The White Clay Creek valley was highlighted in Delaware’s Outstanding Natural Areas (Fleming
1978), but no detailed information on the biota of the area was provided. With regard to plants, there
have been a number of species lists compiled for WCCSP, generally listing only trees or wildflowers
(Water Resources Center 1981), but the first known comprehensive botanical survey of the area was
conducted in 1987-88 by Ann Newbold, Janet Ebert, and Jack Holt (Newbold et al. 1988). This survey
included all of what was the entire preserve area at the time, both in Delaware and Pennsylvania,
although the park has grown considerably since then. The report divided the Preserve into six
sections, and for each section they provided a general description of habitats, a list of common and
characteristic species for the different habitats, as well as lists of rare and unusual species and alien
species.
In particular, the White Clay Creek area has attracted the attention of professional and avocational
zoologists that have studied a variety of animal groups that occur in the park’s forests and wetlands.
One of the more interesting historic zoological finds reports that a bone identical in size and form with
that of the modern elk was found 11.2 km (7 mi) northeast of Newark (Hatt 1949 as cited in Thomas &
Toweill 1982). Undoubtedly, Black Bears, Cougars, Wolves, and other large mammals once roamed
the forests of the White Clay Creek valley. Today, however, the largest mammal one is likely to see in
this area is the White-tailed Deer that continues to thrive in New Castle County’s suburbanized
landscape (although there have been a few Cougar sightings reported from this area in recent years).
Avocational ornithologists have studied bird populations of WCCSP for more than 25 years, observing
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breeding birds and counting migrating and wintering populations as well (e.g., Dyer et al. 1973; Speck
& Brokaw 1979). Jim White (Delaware Nature Society) has spent a considerable amount of time
during the past 16 years documenting the herpetiles (reptiles and amphibians) of WCCSP (J. White,
personal communication), and Mick McLaughlin has also studied herpetile populations in this region
for many years (e.g., Metcalf & Eddy 1996). Odonates (damselflies and dragonflies) have been
studied within this watershed by Harold B. White of the University of Delaware since the 1970s, and
fish survey data have been published as far back as 1954 (Harmic 1954) and more recently in 1991 and
1997 (Shirey 1991; Metcalf &Eddy 1996). The studies implemented by all of these individuals will
provide invaluable baseline data that will allow us to determine how the fauna of the park and the
White Clay Creek area have changed in recent decades.
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C HAPTER 4: B IOLOGI CAL S URVEYS
Biological inventory of WCCSP (including Judge Morris Estate section of the park, JME) included
field surveys for natural communities, vascular plants, bryophytes, birds, reptiles, amphibians,
odonates, butterflies, and freshwater mussels, and a literature review of the fish documented within
WCCSP. Systematic surveys for birds and natural communities were primarily conducted at
permanent survey points established throughout the study area in 1999 (Fig. 3). Plant, including
bryophyte, surveys were conducted in survey section blocks established throughout the park in 1988
and 1999; odonate and herpetile surveys were conducted at sites established within suitable habitat;
mussel surveys were conducted within selected tributaries and sections of the main channel of White
Clay Creek. Butterflies were surveyed through systematic searches of appropriate habitat and
opportunistic encounters. Due to limited resources, surveys of park mammals were not conducted.
Much of our survey effort was allocated to forested areas within the park, primarily because this was
historically the primary cover type of this region. Due to the extensive loss of this habitat type
throughout Delaware, particularly in the Piedmont region (i.e., since European settlement
approximately 75% of Piedmont forest have been cleared for agriculture, pastureland, and
development; Environmental Law Institute 1999), it is critical to determine the importance of
remaining forested habitat to wildlife and plants. Other unique areas (e.g., herbaceous wetlands) or
suitable habitats (e.g., old fields, forest edge) were also surveyed for various taxa.
Surveys conducted at permanently established points and survey sites will facilitate repeatability of
future surveys and allow direct comparison with future survey data for long-term monitoring. The 50
permanent survey points used to survey birds and communities were chosen randomly within forested
habitats using a grid overlay on color infra-red aerial photographs and USGS topographic maps. Once
locations were determined, points were placed in the field as accurately as possible by DNHP staff.
Trails were often flagged in order to facilitate the establishment of point locations. Most trails would
not have been discernable without periodic placement of flagging. Once a point's location was
determined, flagging was wrapped around a tree to mark the point’s center. A Global Positioning
System (GPS) unit was used to record the point location. Corvallis Personal Computer-Global
Positioning System software was used to perform differential correction on the coordinates to increase
their accuracy.
Survey sections used for vascular plants and bryophytes were delineated according to natural and
unnatural breaks in the landscape, including roads and streams. Four of the sections were established
in 1988, with an additional nine sections established in 1999. Survey sites used for odonates and
freshwater mussels were selected during 1999; survey sites were delineated on maps so that they could
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be revisited in the future. Herpetile surveys were also conducted at delineated sites; these sites have
been established over the past ten years by J. White (Hyla Associates) and can be revisited as
necessary. Additional (supplementary) surveys were conducted for all taxa to cover habitats not
adequately represented by fixed points or survey blocks.
Rare species and unique natural communities discovered during this study are identified in the text by
rarity ranks developed The Nature Conservancy. An explanation of this ranking system can be found
in Appendix 1. In addition to the files created for all data collected during surveys, more detailed
information on rare species was entered into the DNHP’s Biological and Conservation Database (The
Nature Conservancy 1996).

N ATURAL C OMMUNITY S URVEYS
The identification and description of natural communities across a landscape is an important
component of a biological inventory. Not only can the most unique assemblages of species and their
habitats be identified and protected, but communities can act as a “coarse filter” for the protection of
overall biological diversity. Species not typically identified in biological surveys (e.g., many types of
invertebrates, fungi, lichens) may be “captured” in the protection of different community types.
Over the past 20 years, The Nature Conservancy has taken the lead in developing a standardized
classification system at the national level for all types of terrestrial natural communities (e.g., forest,
shrub, herbaceous) (Grossman et al. 1998). This system includes detailed descriptions of ecological
units and more specifically identifies components of each that are characteristic or unique. At this
level of detail, and in combination with data on animal and rare plant distributions, a more
comprehensive survey of ecological resources can be attained, and management plans can identify
specific targets for protection and refine techniques for achieving management goals. Furthermore,
community types can be compared within and across regions to determine whether natural ecosystems
are being adequately protected. Methods for data collection and the classification system developed
by The Nature Conservancy and state natural heritage programs were applied to natural community
data collected at WCCSP.
Natural community surveys were undertaken at WCCSP in 1999 to classify and characterize the types
of natural communities present. A natural community is defined here as a habitat in a defined
geographic area that supports a recurring assemblage of species across the landscape, and includes the
entire composition of plants, animals, and microorganisms, as well as their interactions with each other
and with their physical environment. Some species or groups of species clearly define or are major
components of a natural community (e.g., trees comprising the forest canopy), whereas others may be
transient or use the community for only a portion of the year (e.g., migratory animals). Heritage

12

Delaware Natural Heritage Program

White Clay Creek State Park

Chapter 4: Biological Surveys

methodology, however, relies on vegetation to define natural communities for several reasons: 1) it is
generally more time consuming to locate and identify animals, 2) animals may move from one
community to another, and 3) plant sampling can be repeated with less random error.

METHODS
Natural community data was initially collected at the 50 points that were established for the collection
of avian survey data (Fig. 3). Two sampling methods were employed at these points: releve or rapid
assessment. Because these points were located at random, many of them were in poor-quality habitat.
The releve method was only used at 19 of these points that were considered to be located in goodquality habitat (although two releves were conducted at one of the points). The other 31 points were
considered to be marginal to poor quality, either because the community was in an early successional
stage or because the vegetation included a large alien plant component. At these points, a rapid
assessment of the community was obtained by collecting structural and compositional data for
dominant and characteristic species using The Nature Conservancy’s Form 2 (Sneddon 1993).
Following the sampling of the initial 50 points, supplemental releves were conducted at 22 points (Fig.
3). Supplemental points were chosen either because they contained a community type that was unique
or rare in WCCSP, or because they represented a particularly high-quality example of a native
community.
Data collected from each releve included a complete list of vascular plant species. In instances where
plant species could not be positively identified in the field, a specimen was collected and brought back
to the office where either the community ecologist or botanist examined and identified the specimen.
The number of strata and height of each (e.g., emergent, canopy, subcanopy, tall shrub, short shrub,
herbaceous, non-vascular) were determined. Additionally, cover values (percentage of the plot
covered) were estimated for each species in each stratum, and overall cover values were estimated for
each stratum. Cover values, which were estimated by eye and were modified from the Braun-Blanquet
system, were assigned to one of the following categories: <1%, 1-10%, 11-25%, 26-50%, 51-75%,
and 76-100%. Other data collected included diameter at breast height (dbh) of representative
examples of the tallest trees in the plot, and information on soils, hydrology, topography, and
disturbance. The size of the releves varied. Forested plots generally measured 400 m2. However,
herb-dominated plots were smaller, ranging from 25 m2 to 200 m2 in size, because it is possible to
capture the variation in these plant communities at a smaller scale (Kent & Coker 1992).
Rapid assessment (applied to 31 of the 50 points) was limited to evaluating the structure and
composition of an area within a 10 m radius of the marked survey point. This rapid assessment of the
vegetation involved recording dominant and characteristic species for each stratum and estimating
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total cover values for each stratum. Additional notes were taken on topography, disturbance and
associated species.
Vegetation data collected using releve method were analyzed with PC-Ord software and several
different ordination methods: two-way indicator species analysis (TWINSPAN), detrended
correspondence analysis (DCA), and cluster analysis (McCune & Mefford 1997). The output from
these analyses was used in conjunction with field inspection to determine natural vegetation
communities, which were identified by the dominant species in the different strata. A brief description
was composed for each community identified

RESULTS & DISCUSSION
The most significant result of this survey is that a large proportion of the park area was not suitable for
collection of thorough natural community data (Fig. 4). Areas that were considered unsuitable were
either intensively managed (e.g., mowed fields, agricultural fields), or had habitats that were of poor
quality (i.e., dominated by non-native species, early successional): 84% of the park is classified as
poor quality (with respect to vegetation composition). However, because these poor-quality areas
comprise such a large percentage of the park area, it is important to include descriptions of them and
the factors that contribute to their degraded condition; this information is summarized below. Despite
the extensiveness of poor-quality areas within the park, there are smaller areas that remain in good
condition (forests primarily comprised of native species and a mature closed canopy and herbaceous
wetlands dominated by native species). Areas that are considered good quality were classified into
natural community types and brief descriptions of these communities can be found below under GoodQuality Areas.
Poor-Quality Areas
The description of poor-quality areas will be categorized as either upland or floodplain sites (Fig. 4).
Intensively managed areas such as mowed lawns or agricultural fields will not be addressed.
UPLAND:
Ideally, the upland forests of WCCSP would be characterized by a mixture of oak species in the
canopy and a species-rich shrub and herb layer (Eyre 1980). However, very little of the forest at
WCCSP actually fits this description. More commonly, the forests at WCCSP are dominated by a
young, even-aged canopy of tulip tree (Liriodendron tulipifera), and a large component of invasive,
alien species in the shrub and herb layers. These forests also tend to be depauperate in herbaceous
species diversity. As a result, these areas are considered to be of low quality in terms of their
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vegetation components. However, they may still support populations of species of conservation
concern (e.g., see Avian Surveys below).
The poor quality of much of the forest at WCCSP is the result of a combination of several factors.
These factors tend to be interrelated and it is often difficult to separate them as independent effects.
However, certain contributors to degradation stand out:
1. Land-use history:
An examination of historical references and old aerial photographs (1937) of the White Clay region
reveals that most of the land that now makes up WCCSP was, at some point in its history, cleared
for agriculture or pasture (Wise 1985).
Over the years, many of these areas were subsequently abandoned, and started to undergo
secondary succession. These areas began reverting to forests, a process which continues to this
day. As a result, many of the forests at WCCSP are still dominated by relatively young
Liriodendron tulipifera (tulip tree) and Acer rubrum (red maple), which are early successional
species (Burns & Honkala 1990). These stands may require decades to develop the physical
structure and species composition of the communities found in mature forests.
2. Alien species
Perhaps the greatest threat to the diversity of native vegetation at WCCSP is the spread of invasive
alien species. Alien, or non-native, species are generally defined as those species that have been
introduced to an area beyond their natural ranges, either intentionally or unintentionally, by humans
(Nonindigenous Aquatic Nuisance Prevention and Control Act of 1990. Public Law 101-646, 16
USC 4701-4741). These species are typically habitat generalists that thrive in areas of disturbance,
such as old fields and forest edges. However, once they become established on these disturbed
sites, they often have the ability to spread into adjacent, undisturbed areas.
Non-native species such as Rosa multiflora (multiflora rose), Eleagnus umbellata (autumn olive),
Celastrus orbiculata (Oriental bitter-sweet), Lonicera japonica (Japanese honeysuckle), Acer
platanoides (Norway maple), Berberis thunbergii (Japanese barberry), Alliaria petiolata (garlic
mustard), and Euonymus alatus (winged euonymus) have become established and, in many cases,
have become the dominant species in large tracts of forest. In some locations, Rosa multiflora and
Eleagnus umbellata have outcompeted native trees altogether and have formed dense, aliendominated shrublands. More specific discussion of alien species can be found below in the
Vascular Plant section under Botanical Surveys.
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3. Forest fragmentation
One of the conditions exacerbating the invasive species problem, along with land-use history, is
forest fragmentation. The forests at WCCSP exhibit a pattern that is typically observed in the
Northeast US: small patches of forest, divided by agricultural fields, suburban developments and
roads. For several reasons, these fragments often have reduced species diversity:
• Increased edge / area ratio: The edge / area ratio is the relationship between the perimeter of a
forest patch and the interior area of the patch. As the area of a forest fragment is reduced, the
edge / area ratio increases. The shape of a fragment also affects the edge / area ratio. A long,
narrow patch will have a much higher edge / area ratio than a circular patch of equal area
(Ranney et al. 1981).
Edge / area ratio is important because it can be used as a measure of forest interior area. There
are many species, the most well documented of which are birds, that require so-called interior
forest (see Avian Surveys below).
• Increased dispersal distance: Many of the herbaceous plants that occur in mature forests are
forest interior specialists, and are generally not able to survive in the anthropogenic habitats
between forest patches. In addition, most of these species are animal-dispersed, and many are
myrmecochorous, or ant-dispersed (Gates 1941; Pudlo et al. 1980; Beattie and Culver 1981;
Handel et al. 1981; Gaddy 1986). These two factors make it very difficult for many of these
species to move from fragment to fragment, decreasing the likelihood that forest interior species
will appear in isolated wooded patches if they are not already present.
• Increased threat from alien species: As the size of a forest fragment decreases, the vulnerability
to invasion from alien species increases (Mac et al. 1998). Alien species typically occupy
habitats that have been altered or disturbed by human activities. Thus, the area surrounding a
forest patch is generally ideal habitat for aliens. These species typically gain a foothold at forest
fragment edges, where the light level is more suitable for establishment. They are then able to
slowly (or sometimes rapidly) spread inward from the edge, typically displacing native plants
through competition. As the size of a patch decreases and the edge / area ratio increases (see
above), the amount of suitable establishment area increases, and the amount of more invasionresistant forest interior area decreases. It is these high edge / area ratio patches that generally
have the most severe alien problems.
• Increased deer browse: One of the greatest beneficiaries of suburban forest fragmentation is the
White-tailed deer (Odocoileus virginianus). White-tailed deer are edge specialists, flourishing
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in an environment with forest fragments interspersed with open foraging areas (Yahner 1995).
Although widely recognized as a pest of yards and gardens in suburban areas, deer also browse
quite heavily on forest plants as well. In fact, they browse so heavily on certain species of trees,
that they can change the composition of the forest by eliminating regeneration of some species
(Anderson & Katz 1993). Heckscher et al. (2000) has found that browsing pressure in
Pennsylvania Piedmont forests is leading to the development of a species-depauperate, beechdominated forest. In addition to affecting the overstory composition of the forest, deer browse
can reduce diversity at the herbaceous level, especially among certain plant families (Liliaceae
and Orchidaceae) (Miller et al. 1992; Balgooyen & Waller 1995; Augustine & Frelich 1998).
The effect of deer browse on plant populations at WCCSP is discussed below (see Botanical
Surveys, Vascular Plant Discussion below).
FLOODPLAIN:
Poor-quality floodplain habitat suffers from all the problems of poor-quality upland habitat, in addition
to its own unique problems. By definition, a floodplain receives regular overbank flooding from a
river or stream. This flooding, through deposition of sediments, creates rich soil in the floodplain
(Hupp 1983). However, overbank flooding also acts as a significant disturbance to the floodplain
community, regularly providing new opportunities for plant establishment. This combination of rich
soil and regular disturbance, along with the lack of a significant riparian buffer in many places, creates
prime conditions for the establishment and dominance of non-native species.
There are a number of aliens common in the floodplains of WCCSP, including Rosa multiflora
(multiflora rose), Celastrus orbiculata (Oriental bitter-sweet), Lonicera japonica (Japanese
honeysuckle), Ligustrum vulgare (European privet), and Alliaria petiolata (garlic mustard). However,
the alien species that appears to present the greatest threat at this time is Microstegium vimineum
(Japanese stilt grass). This non-native, annual grass has shown the ability to form dense, monotypic
stands in floodplain forests, excluding nearly all native herbaceous vegetation (Barden 1987). It is
currently widespread at WCCSP and has the potential to become the dominant herb species in large
portions of the park.
Good-Quality Areas
A natural area was considered to be of “good” quality if it had a closed canopy of mature trees and did
not have alien species as a significant portion of the flora (Fig. 4). Almost no area was entirely free of
aliens, but was considered to be less than “good” if these species comprised more than 25% cover.
This value was chosen somewhat arbitrarily, but seemed to present an easy visual estimate of the
presence of alien species.
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Good-quality areas are classified into natural community types with brief descriptions developed for
each. Eight natural community types were described based on the data collected in the 1999 survey
(Table 1). Four are forested communities, and four are herbaceous communities with an additional
herbaceous community (i.e., Carex torta herbaceous community) described from a previous DNHP
survey of WCCSP (The Nature Conservancy 1996). These communities are described below along
with their affinities to national and regional classifications and distributions within the state and / or
region. Lastly, rare plants and, where appropriate, indicator animals (i.e., animals typically associated
with the habitat of a given community) are listed for each community type; additional information
regarding the rare plants can be found below under Rare Vascular Plants, and more information
regarding the animals listed can be found below under the Zoological Surveys section.
Table 1: Natural communy types identified in WCCSP, New Castle Co., Delaware in 1999.

Common Name

Scientific Name

Forest Communities:
• Beech – Mixed Oak / Mountain Laurel forest

Fagus grandifolia – Quercus sp. / Kalmia latifolia forest

• Tulip Tree – Beech – Mixed Oak / Spicebush forest

Liriodendron tulipifera – Fagus grandifolia – Quercus sp. /
Lindera benzoin forest

• Chestnut Oak forest

Quercus prinus forest

• Sycamore – Green Ash / Boxelder / Spicebush forest

Platanus occidentalis – Fraxinus pennsylvanica / Acer negundo
/ Lindera benzoin floodplain forest

Herbaceous Communities:
• Rock outcrop community
• Skunk Cabbage / moss spp. seepage slope wetland

Symplocarpus foetidus / Brachythecium rivulare –
Hygroamblystegium tenax community

• Stream valley seepage marsh
• False Nettle – Floating Manna-grass oxbow marsh

Boehmeria cylindrica – Glyceria septentrionalis oxbow marsh

• Twisted Sedge herbaceous community

Carex torta herbaceous community

Two of the four forested community types, the Fagus grandifolia – Quercus sp. / Kalmia latifolia
forest (Beech – Mixed Oak / Mountain Laurel forest) and the Liriodendron tulipifera – Fagus
grandifolia – Quercus sp. / Lindera benzoin forest (Tulip Tree – Beech – Mixed Oak / Spicebush
forest), are widespread and the dominant forest types in WCCSP. The Quercus prinus forest (Chestnut
Oak forest) type is an upland community restricted to a single site at WCCSP, and is probably rare in
the state. The final forested community is the Platanus occidentalis – Fraxinus pennsylvanica / Acer
negundo / Lindera benzoin floodplain forest (Sycamore – Green Ash / Boxelder / Spicebush forest).
Although there is a significant amount of floodplain habitat along White Clay Creek and Pike Creek,
most of these areas are a highly degraded version of the Sycamore – Ash forest (see Fig. 4) due to
disturbance and invasive alien species.
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The remaining four community types are predominantly herbaceous. These types tend to be quite
small and are defined more by their position on the landscape than by their species compositions. The
one upland type is the rock outcrop community, which can be found scattered throughout some of the
steeper slopes in WCCSP. The Symplocarpus foetidus / Brachythecium rivulare – Hygroamblystegium
tenax community (Skunk Cabbage / moss spp. seepage slope wetland) is found in small seepage
wetlands located at the base of steep slopes, typically alongside small streams in upland forests. The
final two community types, the stream valley seepage marsh and the Boehmeria cylindrica – Glyceria
septentrionalis oxbow marsh (False Nettle – Floating Manna-grass oxbow marsh) are herbaceous
wetlands found in the floodplain of White Clay Creek and its tributaries. In addition to the
communities described, the DNHP has identified a Carex torta herbaceous community (Twisted Sedge
herbaceous community) from previous surveys of WCCSP.
NATURAL COMMUNITY DESCRIPTIONS:
Forest community types • Fagus grandifolia – Quercus sp. (alba, coccinea, prinus, rubra, velutina) / Kalmia latifolia forest

[Beech – Mixed Oak / Mountain Laurel forest]
This forest type is common on dry, upland sites throughout WCCSP. It is typified by a canopy
dominated by Fagus grandifolia and a mixture of oak species, especially Quercus alba (white oak)
and Quercus rubra (northern red oak). Other frequent canopy associates include Quercus velutina
(black oak), Quercus coccinea (scarlet oak), and occasionally Quercus prinus (chestnut oak),
Liriodendron tulipifera (tulip tree), and Carya tomentosa (mockernut hickory). Fagus grandifolia
also tends to dominate the subcanopy layer, but may be joined by Acer rubrum (red maple), Nyssa
sylvatica (black gum), and Sassafras albidum (sassafras). The shrub layer is generally sparse, but
almost always includes Kalmia latifolia. Other regular components of this thin shrub layer include
Rhododendron periclymenoides (pink azalea), Hamamelis virginiana (American witch-hazel), and
Vaccinium pallidum (early lowbush blueberry). The herb layer also tends to be very sparse, but
nearly always includes Chimaphila maculata (spotted wintergreen), with frequent associates
including Parthenocissus quinquefolia (Virginia creeper), Smilax rotundifolia (common greenbrier)
and Carex pennsylvanica (Pennsylvania sedge).
Affinities / Distribution
This community probably falls into the Quercus prinus – Quercus (alba, falcata, rubra, velutina)
forest alliance of Sneddon et al. (1998), and is similar to the Quercus alba – Quercus coccinea –
Quercus falcata / Kalmia latifolia – Vaccinium pallidum association as described by Weakley et al.
(1998). Other similar descriptions are the Dry oak – heath forest of Fike (1999) and the Chestnut
Oak Forest of Reschke (1990). However, only Sneddon et al. mention Fagus as a significant
component of these types. This community is fairly common and widespread on dry ridgetops in
the Piedmont, with variations on this type occurring from New York to Georgia. This community
corresponds to the “Dry Beech-Oak Forest” category on the Land cover classification map (Fig. 4).
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Rare Plants
Carex willdenowii (Willdenow’s sedge)
Cunila origanoides (common dittany)
Trichophorum planifolium (bashful bulrush)

White Clay Creek State Park
State
Rank
S1.1
S2
S2

Indicator Animals
Pileated Woodpecker
Scarlet Tanager

• Quercus prinus forest

[Chestnut Oak forest]
This forest type can be considered a variant of the Beech-Mixed Oak forest previously mentioned.
In this community, the canopy is comprised almost exclusively of Quercus prinus, with the
occasional Quercus rubra (northern red oak). The subcanopy layer also contains Quercus prinus,
as well as scattered Fagus grandifolia (American beech) and Nyssa sylvatica (black gum). The
shrub and herb layers are very sparse, with Chimaphila maculata (spotted wintergreen), Vaccinium
pallidum (early lowbush blueberry), and Rhododendron periclymenoides (pink azalea).
At WCCSP, it is found at a single site in the recently acquired Judge Morris section . The
occurrence is at the top of a steep, north-facing slope above Middle Run. Although the occurrence
is not particularly large, a forest dominated by mature Quercus prinus is distinct and unique in the
park, and may be rare in the state. At its edges, the Quercus prinus community grades into the
Beech – Mixed Oak forest type. One additional point of interest regarding this community
occurrence is that the state champion Quercus prinus was discovered at this site. This tree has a
dbh of 107 cm (40 in), is 28 m (93 ft) tall and was awarded 232 points for its overall size (point
calculation based on diameter, height, and crown spread). In comparison, the former state
champion for this species was only awarded 145 points (Kaden 1995).
Affinities / Distribution
This type most likely falls into the Quercus prinus – (Quercus coccinea – Quercus velutina) Forest
Alliance of Weakley et al. (1998), or more specifically, into the Quercus (prinus, velutina) /
Gaylussacia baccata Forest Association of Sneddon et al. (1998). Like the previous forest type, it
falls into Pennsylvania’s Dry Oak – Heath Forest (Fike 1999) or New York’s Chestnut Oak Forest
(Reschke 1990). Although it may be rare in the state, this community type is common and
widespread on dry ridgetops throughout the east. This community corresponds to the “Chestnut
Oak Forest” category on the Land cover classification map (Fig. 4).

• Liriodendron tulipifera – Fagus grandifolia – Quercus sp. (alba, rubra, velutina) / Lindera

benzoin forest community
[Tulip tree – Beech – Mixed Oak / Spicebush forest community]
This forest community occurs on a wide range of moist-mesic to dry-mesic sites at WCCSP, and is
the most common forest type encountered in the park. The canopy is typically made up of a
mixture of Liriodendron tulipifera and Fagus grandifolia, with frequent associates including
Quercus alba (white oak), Quercus rubra (northern red oak), Quercus velutina (black oak), and
Carya spp. (hickories). The subcanopy typically includes Carpinus caroliniana (American
hornbeam), Acer rubrum (red maple), Nyssa sylvatica (black gum), and young Fagus grandifolia.
Cornus florida (flowering dogwood) is also common in the subcanopy, but is currently threatened
by dogwood anthracnose (Discula destructiva), a fungal disease that has spread quickly over the
past two decades. The density of the shrub layer varies, with greater densities associated with more
mesic sites. The dominant species in the shrub layer is generally Lindera benzoin, but it is often
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joined by Viburnum acerifolium (maple-leaf viburnum), Viburnum dentatum (southern arrowwood) and Viburnum prunifolium (smooth black-haw). Like the shrub layer, the density of the herb
layer is rather variable, but can be quite diverse. Common species can include Podophyllum
peltatum (May apple), Arisaema triphyllum (swamp Jack-in-the-pulpit), Circaea lutetiana
(southern broafleaf enchanter’s nightshade), Polystichum acrostichoides (Christmas fern), Aster
divaricatus (white wood aster), Polygonatum biflorum (common Solomon’s seal), Sanguinaria
canadensis (bloodroot), Geum canadense (white avens), Maianthemum racemosum (false
Solomon’s seal), Parthenocissus quinquefolia (Virginia creeper), Galium circaezans (smooth wild
licorice), Botrychium virginianum (rattlesnake fern), and Amphicarpaea bracteata (American hogpeanut).
In this forest community in section 4 (Fig. 5), there is a relatively large, live specimen of Castanea
dentata (American Chestnut). This tree has a dbh of 18 cm (7 in) and is 15 m (50 ft) tall. This
occurrence is interesting in that, typically, when C. dentata trees reach this size they become more
susceptible to the chestnut blight fungus (Cryphonectria parasitica) that nearly drove C. dentata to
extinction during the early part of the 20th century. Nearly 3.5 billion trees were lost, and a major
component of the eastern deciduous forest (once comprising up to 25%) was lost. The fungus
invades the trees by either entering through wounds on the tree or through the bark when it begins
to split and furrow with age. It produces cankers on the branches or stems, and eventually kills the
cambium and the tree dies back (the roots may remain viable and continue to sprout stems).
Symptoms of chestnut blight include cankers on the bark and yellowing of the tree's leaves as
infected limbs die (American Chestnut Cooperators' Foundation 1999).
Affinities / Distribution
This community is most similar in species composition to Sneddon et al.’s (1998) Fagus
grandifolia – Quercus alba – Liriodendron tulipifera – Carya spp. Forest, although that association
is defined for rich wood sites on the coastal plain. This type would probably fall into Fike’s (1999)
Red oak – mixed hardwood forest. Variations on this community are the dominant forest types in
much of the eastern US. This community corresponds to the “Tulip Tree-Beech-Oak Forest”
category on the Land cover classification map (Fig. 4).
Rare Plants
Adiantum pedatum (northern maidenhair-fern)
Allium tricoccum (small white leek)
Angelica atropurpurea (great Angelica)
Aplectrum hyemale (puttyroot)
Aquilegia canadensis (wild columbine)
Arabis canadensis (sicklepod)
Aralia racemosa (American spikenard)
Asclepias exaltata (poke milkweed)
Aster schreberi (Schreber's aster)
Botrychium matricariifolium (chamomile grape-fern)
Bromus latiglumis (riverbank brome)
Carex sparganioides (bur-reed sedge)
Chamaelirium luteum (devil's-bit)
Cynoglossum virginianum (wild comfrey)
Desmodium glutinosum (large tick-trefoil)
Elymus hystrix (bottle-brush grass)
Galium lanceolatum (Torrey's wild licorice)
Isotria verticillata (large whorled pogonia)
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State
Rank
S3
S3
S1.1
S2
S2
S2
S3
S2
S2
S1
S1.1
S2
S1
S3
S2
S2
S2
S3

Indicator Animals
Barred Owl
Wood Thrush
Veery
Ovenbird
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Lilium canadense ssp. canadense (Canada lily)
Liparis liliifolia (large twayblade)
Muhlenbergia tenuifolia (slender muhly)
Orobanche uniflora (one-flowered broomrape)
Osmorhiza claytonii (hairy sweet-Cicely)
Poa cuspidata (bluegrass)
Polygonatum biflorum var. commutatum (giant Solomon's seal)
Thalictrum dioicum (early meadowrue)
Trillium cernuum (nodding trillium)
Triosteum aurantiacum var. aurantiacum (coffee tinker's-weed)
Zizia aurea (common Alexander's)

White Clay Creek State Park
S2
S2
S2
S2
S2
S2
S2
S1
S2
S1
S2

• Platanus occidentalis – Fraxinus pennsylvanica / Acer negundo / Lindera benzoin forest

[Sycamore – Green Ash / Boxelder / Spicebush forest]
This is a typical floodplain forest community. At WCCSP, good-quality occurrences of this
community are restricted to only one or two sites. In the higher quality sites, Platanus occidentalis
and Fraxinus pennsylvanica are dominant in the canopy, with Acer negundo predominating in the
subcanopy. Lindera benzoin is generally abundant in the shrub layer. The herb layer can be quite
diverse, with common species including Podophyllum peltatum (May apple), Symplocarpus
foetidus (skunk cabbage), Circaea lutetiana (southern broadleaf enchanter’s nightshade),
Boehmeria cylindrica (false nettle), Arisaema triphyllum (swamp Jack-in-the-pulpit), Impatiens
capensis (spotted jewel-weed), Hydrophyllum virginianum (John’s cabbage) and Viola spp.
(violets). Toxicodendron radicans (poison ivy) is a common vine that frequently climbs into the
canopy.
The above description, however, applies only to a very small portion of the floodplain habitat in
WCCSP. Unfortunately, the majority of the floodplain forest is dominated by alien invasive
species, especially in the understory, and is therefore of very low quality. In those low-quality
sites, Platanus occidentalis and Fraxinus pennsylvanica are still dominant in the canopy, but they
may be joined by Juglans nigra (black walnut), Prunus serotina (wild black cherry), Acer rubrum
(red maple) Liriodendron tulipifera (tulip tree) and Acer saccharinum (silver maple). Acer
negundo is still frequent in the subcanopy, along with Cornus florida (flowering dogwood) and
Acer rubrum. In the shrub layer, Lindera benzoin is usually co-dominant with the alien species
Rosa multiflora (multiflora rose), and may also be joined by Rubus spp., including the alien Rubus
phoenicolasius (wineberry). In the floodplain, the herbaceous layer is where the presence of aliens
tends to be most dramatic. A typical degraded floodplain herb layer may include any of the species
previously listed, but the dominant species are generally comprised of Microstegium vimineum
(Japanese stilt grass), Lonicera japonica (Japanese honeysuckle), Alliaria petiolata (garlic
mustard), Celastrus orbiculata (Oriental bitter-sweet) and Duchesnea indica (Indian mockstrawberry).
Affinities / Distribution
This would probably fit in the Platanus occidentalis – Fraxinus pennsylvanica Forest of Sneddon et
al. (1998), which includes the alien species typical of disturbed floodplains. Fike (1999) also
includes aliens in her Sycamore – (river birch) – box-elder floodplain forest. This community
corresponds to the “Sycamore-Ash Forest” on the Land cover classification map (Fig. 4).
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Rare Plants
Arisaema dracontium (green dragon)
Carex bromoides (brome-like sedge)
Carex squarrosa (squarrose sedge)
Corydalis flavula (yellow corydalis)
Cystopteris protrusa (lowland brittle fern)
Mertensia virginica (Virginia bluebells)
Platanthera peramoena (purple fringeless orchid)

Chapter 4: Biological Surveys
State
Rank
S2
S1
S2
S1.1
S2
S3
S1.1

Indicator Animals
Yellow-throated Vireo
Veery
Cerulean Warbler
Northern Parula
American Redstart

Herbaceous community types • Rock Outcrop Community

Rock outcrops are scattered throughout the slopes above White Clay Creek. There are a few plant
species which, in WCCSP, are restricted to these small sites. These species include Dryopteris
marginalis (marginal wood fern) and Polypodium virginianum (rock polypody). There are also
several bryophyte species (mosses) that are restricted to outcrops in WCCSP, including Grimmia
pilifera, Hedwigia ciliata, Ulota hutchinsiae, Dicranum montanum and Dicranum scoparium.
However, not all rock outcrops contain these species. Outcrops are popular locations for recreation,
and the vegetation on them is often trampled and degraded. In addition to these rock outcrop
specialist species, other more widespread species are also common on rocky sites, including
Polystichum acrostichoides (Christmas fern), Aster divaricatus (white wood aster) and several drysite shrubs, including Vaccinium pallidum (early lowbush blueberry), Kalmia latifolia (mountain
laurel), Rhododendron periclymenoides (pink azalea), and Hamamelis virginiana (American witchhazel).
Affinities / Distribution
These communities are, in general, poorly defined. Reschke’s (1990) Cliff Community includes
similar diagnostic species, but is somewhat broad. Locations for this community are too small to be
represented on the Land cover classification map (Fig. 4).
Rare Plants
Polypodium virginianum (rock polypody)

State
Rank
S3

• Symplocarpus foetidus / Brachythecium rivulare – Hygroamblystegium tenax herbaceous

vegetation
[Skunk Cabbage / moss spp. seepage slope wetland]
This community occurs in small seepage wetlands, which are formed when groundwater seeps to
the surface at the bases of steep slopes, and generally are found in small stream valleys. These
wetlands are generally too small to show up on soil maps, but they tend to have substrates
consisting of coarse colluvium (W. Schenck, personal communication), and often have large (> 0.5
m diameter) pieces of exposed quartz. The vegetation of these seeps is typically herbaceous,
although trees and shrubs from the surrounding forest will often put them in full shade. The
dominant plant in most of these seeps is Symplocarpus foetidus, which can cover nearly 100% of
the wetland, but tends to be distributed more sparsely on the wetter sites. Impatiens capensis
(spotted jewel-weed) is a fairly regular associate in these communities, and seedlings of woody
species from the surrounding forest often become established in the seeps, especially Lindera
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benzoin (spicebush). Nonvascular plants (bryophytes) are also abundant in these wetlands, and can
be the dominant form of vegetation in wetlands with more exposed gravel and less soil
development. Typical species include the mosses Brachythecium rivulare, Thuidium delicatulum,
and Hygroamblystegium tenax.
Affinities / Distribution
This community would fall into the Acer rubrum – Fraxinus pennsylvanica – Nyssa sylvatica /
Lindera benzoin / Symplocarpus foetidus Forest of Gould and Berdine (1998). Sneddon et al.
(1998) has a Symplocarpus foetidus Herbaceous Vegetation, but it is vaguely defined and more
midwestern in distribution. Weakley et al. (1998) describes an Impatiens (capensis, pallida) –
Heuchera villosa Saturated Herbaceous Alliance, which occupies similar sites in the southern
Appalachians, where Symplocarpus is a rare plant. These seeps fit well in Pennsylvania’s Skunk
Cabbage – Golden Saxifrage Forested Seep category (Fike 1999).
Gould & Berdine give their version of this community a rank of S3 in Maryland. It is difficult to
say for certain how many of these wetlands occur in Delaware. However, it can be reasonably
concluded that, because these habitats are only found in Delaware in the heavily-developed
Piedmont region, these communities would receive a similar rank in this state. This community
corresponds to the “Forested Seeps” category on the Land cover classification map (Fig. 4).
Rare Plants
Dryopteris celsa (log fern)
Viola rotundifolia (roundleaf violet)

State
Rank
S1
S2

Indicator Animals
Louisiana Waterthrush
Longtail salamander
Dusky salamander
Northern two-lined salamander

• Stream Valley Herbaceous Seepage Wetlands

This category encompasses a floristically diverse group of small (<1 acre) herbaceous wetlands
located in the floodplains of White Clay Creek and its tributaries. These wetlands are fed by
groundwater flow from the base of adjacent slopes and are typically saturated but rarely inundated.
The descriptions of a few particular wetlands follow to illustrate the variation in this category. At
this time, there is not enough information available to divide them into finer communities.
Devil’s Hole:
This site contains the largest of the wetlands surveyed in this category, and is located on the east
side of White Clay Creek near the park office (Fig. 2). Although this was considered a single
wetland, two distinct vegetation zones were surveyed within the marsh:
(a) Along the eastern edge of the marsh, near the base of the adjacent slope, there is an open
canopy of small trees, including Acer rubrum (red maple), Salix nigra (black willow), and
Alnus serrulata (brook-side alder). Beneath the canopy, the dominant species in the herb layer
is Carex stricta (tussock sedge), with other common plants including Microstegium vimineum
(Japanese stilt grass), Polygonum arifolium (halberd-leaved tearthumb), and Symplocarpus
foetidus (skunk cabbage).
(b) In the center and western parts of the marsh, the community is entirely herbaceous, with the
dominant species being Onoclea sensibilis (sensitive fern). Other common species include
Typha latifolia (broadleaf cattail), Polygonum arifolium, Polygonum sagittatum (arrow-leaved
tearthumb), and Thelypteris palustris (marsh fern).
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Pleasant Hill marsh:
This small wetland occurs along a tributary of White Clay Creek that runs parallel to Pleasant Hill
Road (Fig. 2). Like Devil’s Hole, it features two distinct vegetation zones, although they are not
the same zones as those found in that wetland:
(a) This species group occurs toward the downstream end of the marsh and is the larger of the two
vegetation zones. In this zone, Acorus americana (American sweetflag), Onoclea sensibilis
(sensitive fern), and Impatiens capensis (spotted jewel-weed) are co-dominants, with other
common species including Microstegium vimineum (Japanese stilt grass), Aster nova-angliae
(New England aster), Polygonum arifolium (halberd-leaved tearthumb), Polygonum sagittatum
(arrow-leaved tearthumb), and Agrostis hyemalis (winter bentgrass).
(b) The smaller of the two zones occurs on the upstream end of the marsh and is dominated by
Onoclea sensibilis (sensitive fern). Other common species include Glyceria striata (fowl
manna-grass), Microstegium vimineum, Polygonum arifolium, Polygonum sagittatum, Carex
lurida (shallow sedge), and Scirpus cyperinus (cottongrass bulrush).
Point 60 marsh:
This marsh is located at the edge of a steep slope on the west side of White Clay Creek south of
Wedgewood Road (Fig.2). It is an herbaceous marsh with scattered Salix nigra (black willow)
trees. The herb layer is dominated by Boehmeria cylindrica (false nettle), with other common
species including Polygonum arifolium (halberd-leaved tearthumb), Leersia oryzoides (rice
cutgrass), Polygonum hydropiperoides (mild water-pepper), Carex lupulina (hop sedge), Carex
lurida (shallow sedge), Cuscuta spp. (dodder), and Lysimachia nummularia (creeping Jennie).
Although the species in the marsh are primarily native, the surrounding forested floodplain is in
very poor condition, with a canopy of young Acer rubrum (red maple) and an herbaceous layer
almost completely dominated by Microstegium vimineum (Japanese stilt grass).
Affinities / Distribution
Most of these wetlands (especially Devil’s Hole), match up with Gould & Berdine’s (1998) Carex
stricta – Impatiens capensis – Onoclea sensibilis Herbaceous Vegetation category. All of these
wetlands would fit into Fike’s (1999) Mixed forb marsh. Sneddon et al. (1998) describe a Carex
stricta Seasonally Flood Herbaceous Association, but the associated species listed in the description
are quite different from those found at the WCCSP wetlands. Sneddon also mentions a Leersia
oryzoides – Glyceria striata – [Scirpus spp. – Impatiens capensis] community described from
Ontario, but little information is available regarding the range of this type.
In Maryland, Gould & Berdine rank this wetland type as S2. It is unclear how many occurrences of
this type are in Delaware, but it almost certainly less than 20, giving them a rank of S2 in Delaware
as well. This community corresponds to the “Emergent Seepage Marsh” category on the Land
cover classification map (Fig. 4).
Rare Plants
Campanula aparinoides (marsh bellflower)
Carex trichocarpa (hairy-fruit sedge)
Gentiana andrewsii (fringe-top bottle gentian)
Spiraea alba (narrow-leaf meadow-sweet)
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State
Rank
S2
S2
S1
S1

Indicator Animals
Mulberry wing
Black dash

25

Chapter 4: Biological Surveys

White Clay Creek State Park

• Boehmeria cylindrica – Glyceria septentrionalis oxbow marsh

[False nettle – Floating manna – grass oxbow marsh]
This community is represented by a single small site on the east side of White Clay Creek south of
Hopkins Road. Although superficially similar to the seepage wetlands described above, this
community differs in that its water source is most likely from overbank flooding as opposed to
groundwater flow. It also differs somewhat in species composition. The herbaceous community is
dominated by Boehmeria cylindrica and Glyceria septentrionalis. Other common species include
Saururus cernuus (lizard’s tail), Carex lupulina (hop sedge), Nuphar advena (broadleaf pondlily),
Callitriche heterophylla (large water-starwort), and Carex crinita (fringed sedge). The community
also receives shade from adjacent floodplain trees, including Fraxinus pennsylvanica (green ash),
Juglans nigra (black walnut) and Acer negundo (box elder).
Affinities / Distribution
This community probably most resembles Sneddon et al.’s (1998) Peltandra virginica – Saururus
cernuus – Carex crinita / Climacium americanum Herbaceous Vegetation. Although there are
some differences in the associated species listed, this community is described as occupying similar
landscape positions, such as abandoned channel segments and swales. This assemblage of species
is fairly common in wetland sites on the Coastal Plain, but is unusual for the Piedmont. This
community corresponds to the “Emergent Oxbow Marsh” on the Land cover classification map
(Fig. 4).

• Carex torta herbaceous community

[Twisted Sedge herbaceous community]
This community type is confined to shifting gravel bars in the creek bed and is rare (S1?) in
Delaware. Carex torta (twisted sedge) was fairly common in White Clay Creek. However, it was
typically encountered amongst a variety of alien and ruderal species. Under ideal conditions, this
community would be dominated by C. torta, with infrequent associates including Juncus effusus
(smooth rush), Impatiens capensis (spotted jewel-weed), Phalaris arundinacea (reed canary grass),
Leersia oryzoides (rice cutgrass), Pilea pumila (Canada clearweed), and Cryptotaenia canadensis
(Canada honewort). These communities are very dynamic and are constantly changing under the
influence of the stream. Following Hurricane Floyd, most of the vegetation on the gravel bars in
White Clay Creek were severely altered, and many changed significantly in size, shape, or location.
For these reasons, this community is not described in more detail.
Rare Plants
Carex torta (twisted sedge)

State
Rank
S2

In general, gravel bars are a significant feature of the White Clay Creek. In addition to C. torta,
two other rare plants are know to occur on gravel bars in White Clay Creek: Scirpus atrovirens
(woolgrass bulrush; rare in Delaware, S1) and Cyperus squarrosus (umbrellas-sedge, rare in
Delaware, S1). The only other stream in the Piedmont of Delaware large enough to support a
similar community is a portion of the Brandywine Creek south of the state line.
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B OTANICAL S URVEYS
VASCULAR PLANTS
Botanical surveys (primarily for rare plant species) at WCCSP have been done by the DNHP since the
early 1990s. Additionally, an independent survey in 1988 was conducted by Newbold et al. (1988)
and also included Pennsylvania portions of the White Clay Creek valley. Data from 1999 surveys,
with references to earlier data, are presented here.
Botanical surveys for rare and common vascular plant species were undertaken within pre-established
survey sections of WCCSP in order to document the flora of the park and inform park managers of
locations of rare species’ populations. In addition, surveys also focused on the presence and
abundance of alien plant species, especially those considered to be invasive in nature.
A variety of different habitat types can be found within the boundaries of WCCSP, including mature
forests, steep slopes, ravines and valleys, rock outcrops, wet fields, seepage wetlands, feeder streams,
floodplains, oxbows, gravel bars, old fields, and early successional woodlands. This variety of habitats
results in a high plant species diversity and also gives rise to a number of rare and uncommon plant
species. Unfortunately, the high diversity of plant species at WCCSP also includes many alien
invasive species as well. The discussion on the flora of WCCSP found below will provide park
managers and naturalists with the information needed to make informed decisions regarding the
conservation of rare plant populations and the management of alien invasive species.

METHODS
To facilitate the implementation of field surveys and the collection of botanical data, surveys for
vascular plants (and bryophytes, see below) were conducted in survey section blocks (hereinafter
referred to “survey sections”). Survey sections were established throughout the park, and the
boundaries between sections were delineated by breaks in the landscapes (e.g., streams, roads), rather
than along ecotones (Fig.5). To maintain consistency in botanical research of the White Clay Creek
valley, four of the six sections that were established during the 1988 survey of this area (Newbold et
al. 1988) were also surveyed in 1999. The current consecutive numbering system of survey sections is
based on the system established during 1988. Thus, there were six sections (numbered 1 through 6)
established in 1988, however, sections 2 and 3 are entirely within the Pennsylvania portion of the
White Clay Creek valley and were not surveyed during 1999. Nine sections were established during
1999 surveys, bringing the total number of survey sections visited in 1999 to 13. In 1999, the
following sections were surveyed: 1, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, and 15 (Fig. 5).
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In 1999, vascular plant surveys at WCCSP began in April and ended in October. A typical vascular
plant survey at WCCSP consisted of walking throughout a section while recording species observed on
a standard field form. For common species (W. McAvoy, unpublished data), only presence within a
section was noted without making any attempt to quantify each population observed. When rare
species were encountered, detailed population data were recorded, as well as data on habitat and
habitat quality. Rare species data were later transcribed to standard rare species reporting forms used
by the DNHP and then entered into a computer database. Rare plant species are based on the list of
Rare Native Plants of Delaware (McAvoy 1998). As mentioned previously, botanical surveys of
WCCSP by the DNHP have been ongoing since the early 1990s and a considerable number of rare and
uncommon plants have been discovered at this site. Rare plant populations discovered prior to 1999
surveys were revisited to update database records. Population counts were made and any changes in
habitat were noted.
Once all 13 survey sections were thoroughly surveyed, an abundance rank was applied to each taxon
based on the total number of sections where it was observed. This number is a measure of the overall
relative abundance of a species within park boundaries. Table 2 lists criteria used to determine
abundance ranks for all vascular plant taxa found at WCCSP.
Table 2: Description of abundance ranks applied to all plant species at WCCSP in 1999.
Abundance
Rank
1

Description
Rare

Definition
Known from two or fewer sections.

2

Scarce

Known from several sections (at least 3), but never common even within those sections.

3

Infrequent

Plant occasionally encountered.

4

Frequent

Plant generally encountered in its preferred habitat.

5

Common

Abundant in its preferred habitat(s), often dominant or codominant in these habitats.

In addition to recording rare and common native plants observed at WCCSP, alien plant species were
also noted. Numerical abundance ranks (i.e., number of survey sections where species occurs; see
Table 2 above) were applied to each alien species recorded and threat ranks were also applied. Threat
ranks are a measure of the threat of a particular alien species to natural communities in the park.
[NOTE: Threat ranks used here only apply to species found in WCCSP and are not applicable to
populations of alien species found outside WCCSP.] Criteria used to determine threat ranks for each
alien species are listed in Table 3. Combining threat ranks and abundance ranks gives a status report
for an alien species in WCCSP. For example, a species ranked [4, 5], where threat = 4 and abundance
= 5, means that this species is probably a common roadside or cropland weed, while a [1, 3] is a
species that is generally a frequent pest, but at this time is not widespread throughout the park.
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Table 3: Description of threat ranks applied to alien plant species found at WCCSP in 1999.
Threat
Rank
1

Description
High impact invasive
alien species

Definition
These are plants that have successfully invaded natural
habitats as well as disturbed areas. They are often the
dominant or codominant species in disturbed areas, and
may be outcompeting native species in natural habitats.

Examples
Rosa multiflora
Celastrus orbiculatus
Lonicera japonica
Ranunculus bulbosus

2

High potential invasive
alien threat

These are plants that are just beginning to invade natural
habitats. These species have demonstrated elsewhere the
ability to overwhelm natural habitats and outcompete
native species. These species have the potential to become
a serious problem., and without immediate management
attention, may soon be considered a high impact alien
species.

Ranunculus ficaria
Polygonum
perfoliatum
Ampelopsis
brevipedunculata

3

Moderate threat species

Plants that are fairly common, but are only occasionally
dominant, in disturbed or successional habitats such as
woodlands, thickets, and old fields.

Duchesnea indica
Prunus avium

4

Ruderal species

Plants that may be very common, but almost always in
heavily or persistently disturbed sites, such as actively
cultivated cropland, lawns, roadsides, and similar habitats.
These plants usually do not replace existing natives in
native habitats.

Polygonum aviculare
Panicum
dichotomiflorum
Cichorium intybus

5

Low threat species

Plants usually found as a persisting horticultural planting
or a rare escape, spreading vegetatively or very slowly
from seed.

Mahonia repen
Pachysandra
terminalis

RESULTS & DISCUSSION
The flora of WCCSP is highly diverse with 797 taxa (species and varieties) documented since 1988
(Table 4; see Appendix 2 for full flora). However, 30% of the flora, or 239 taxa, are alien species
including 35 species considered to be invasive within park boundaries. A high species diversity at
WCCSP is a function of a variety of habitat types, but past land use (e.g., clearing forest to the edge of
White Clay Creek) has resulted in the establishment of a high number of alien species as well.
The plant family containing the highest number of species, both native and alien, is the Asteraceae
(aster family) with 91 taxa. It is interesting to note that the plant families containing the highest
number of native taxa, also contain the highest number of alien taxa: Asteraceae, 64 native taxa and
27 alien taxa; Poaceae (grass family), 81 native taxa, 49 alien taxa. The Cyperaceae (sedge family),
another one of the larger families in the park, is represented by 69 native taxa, but only two alien taxa.
It is also interesting that the Cyperaceae contains the highest number of rare plant taxa in WCCSP,
with 16 taxa.
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The properties of WCCSP lie within three distinct watersheds: White Clay Creek, Middle Run (survey
section 14, Fig. 5), and Pike Creek (survey section 15, Fig. 5). Abiotic similarities exist among the
three watersheds, as well as similarities in flora and fauna, but due to their geographic locations in
different watersheds each must be considered as a distinct, independent system with unique
characteristics. It is important to consider this when examining the distribution of plant species;
however, it is difficult to make direct comparisons among the three watersheds due to the smaller areas
sampled in Middle Run and Pike Creek compared to White Clay Creek watershed. Though only a
small percentage of the Middle Run
Table 4: A summation of the flora of WCCSP based on surveys
from 1988 to 1999.

and Pike Creek watersheds were
sampled, their respective survey

Species
Families
Genera
Largest Families
Asteraceae
Poaceae
Cyperaceae
Fabaceae
Rosaceae
Liliaceae
Brassicaceae
Lamiaceae
Scrophulariaceae
Polygonaceae
Apiaceae
Ranunculaceae
Rubiaceae
Dryopteridaceae
Violaceae
Fagaceae

Native
Species
558
109
262

Rare
Native
Species
82
37
66

Alien
Species
239
60
151

Full
Flora
797
124
412

64
49
69
13
19
16
6
15
8
7
10
12
12
12
11
11

4
5
16
1
3
5
2
4
0
0
3
2
2
3
1
0

27
33
2
18
12
9
18
9
11
10
5
3
3
0
1
0

91
81
71
31
31
25
24
24
19
17
15
15
14
12
12
11

sections did reveal a high number of
native species: Middle Run (section
14), 226 taxa; Pike Creek (section
15), 287 taxa. Five species of rare
plants were discovered in section 14
(Middle Run), and four rare species
were discovered in section 15 (Pike
Creek). The high species diversity
of both sections are a result of highquality habitat in certain areas of
these sections. For example, mature
woodlands, steep slopes, rocky
streams, and seepage wetlands are
all habitat types found in both
sections. Of the total number of
vascular plant taxa (797) of WCCSP,

only five species are not found within the White Clay Creek watershed: Agrostis hyemalis (sections
14, 15), Aristolochia serpentaria (section 14), Carex caroliniana (section 15), Dichanthelium
dichotomum var. 4 (= yadkinense) (section 15), Eleocharis acicularis (section 15), and Euphorbia
corollata (section 14).
Despite the pressures of alien invasions throughout WCCSP, the stream valley of White Clay Creek is
a “hot-spot” for rare native plants. A total of 82 species of rare plants have been identified within the
park (see Appendix 2), 81of which have been identified within the White Clay Creek valley alone
(Dichanthelium dichotomum var. 4 (= yadkinense) occurs in the Pike Creek valley). Eleven (11)
species of rare plants found in the park are known in Delaware from only a single population (stateranked S1.1) in WCCSP. Within this report, Figure 6 depicts the generalized location of rare plants
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populations within the park, illustrating the widespread distribution of plants at this site. To protect
rare plants from overzealous collectors, however, the exact location of each population is provided in
an addendum that is available for Delaware Division of Parks & Recreation personnel only
(Addendum 1). It will be important for park managers to regularly review this map prior to any
planning or new development proposals, or normal operational, programmatical or maintenance
reviews.
In the 11 years (1988-1999) that plant surveys have been conducted in WCCSP, several qualitative
changes to the flora have been observed. The most obvious changes to the flora of WCCSP seem to be
attributed to natural succession, specifically woody plant species overtaking formerly open areas, and
an increase in the abundance of alien plant species. In 1988 there were many more open grassy areas
surrounded by thickets of young trees. Today, these areas are almost entirely gone and the thickets
surrounding them have matured. What remains of many of these open grassy areas are homogenous
stands of autumn olive (Elaeagnus umbellata) and Japanese stilt grass (Microstegium vimineum).
Most of the more mesic, younger woodlands have a dense understory of multiflora rose (Rosa
multiflora) and / or autumn olive, sometimes tied together by bitter-sweet (Celastrus orbiculata).
Floodplain woods have been taken over by multiflora rose, garlic mustard (Alliaria petiolata), and stilt
grass. Already, the next wave of alien invaders, notably lesser celandine (Ranunculus ficaria),
porcelin-berry (Ampelopsis brevipedunculata), and mile-a-minute weed (Polygonum perfoliatum) have
already established a presence in the park and will probably only increase in the future. Fortunately,
drier areas and mature woodlands are less hospitable to aliens, thus a number of high-quality
woodlands still remain.
The impact of deer on the flora of WCCSP is difficult to determine. Deer populations are elevated
throughout the state and deer nuisance / damage complaints from residents in this region (P. Detrich,
person communication) would indicate that deer could also be causing damage in the forests of
WCCSP as well. Our surveys were not specifically geared toward quantitatively measuring impacts of
deer on the vegetation and habitats at WCCSP. However, much of WCCSP’s area is comprised of
poor-quality vegetation, and it would not be surprising to discover that deer may be contributing to the
degraded condition of these habitats. Furthermore, high-quality forests may also be subjected to the
effects of high deer populations (e.g., changes in the composition of the forest by eliminating
regeneration of some species, reduction in the diversity of the herbaceous layer; see Natural
Community, Poor-Habitat Quality above) at this site. The DNHP Botanist has noted that plant species
that become very scarce when deer browsing is heavy, such as may apple (Podophyllum peltatum),
maple-leaved Viburnum (Viburnum acerifolium), and low-bush blueberry (Vaccinium pallidum), are
still well established within the park. In addition, there does not seem to be a major decline in the
winter evergreen species, such as the grape ferns (Botrychium spp.) and downy rattlesnake-plantain

Delaware Natural Heritage Program

31

Chapter 4: Biological Surveys

White Clay Creek State Park

(Goodyera pubescens). It should be cautioned that without comparative studies (either with sites with
lower deer populations or long-term monitoring of forest plots) it is presently impossible to determine
exactly what effects deer are having on the flora of WCCSP.
Alien Plant Species
Two hundred thirty-nine (239) alien plant species have been reported from WCCSP and can be found
in Appendix 3 along with abundance and threat ranks (see ranking criteria in Appendix 1). An alien
species is one that is not native to North America and is thought to have been introduced by humans,
primarily through agricultural or horticultural practices. These species have become established in
Delaware and are reproducing in natural areas (i.e., naturalized). Many alien plant species (e.g.,
Microstegium vimineum, Japanese stilt grass, and Elaeagnus umbellata, autumn olive) are often very
aggressive and outcompete and displace native vegetation. These species are considered to be
invasive and disrupt complex ecological processes. Thirty-five (35) alien plant species are considered
invasive within the boundaries of WCCSP. These species are highlighted in bold in Appendix 3 and
have a threat rank of 1 or 2. Alien (including invasive) species often become established in disturbed
areas, such as fields and early successional woodlands.
A plant species native to North America, but not to Delaware, and is now found growing in Delaware
outside of its natural range is referred to as “adventive” (e.g., Tsuga canadensis, eastern hemlock).
Adventive species are not considered to be part of Delaware’s native flora. Adventive species usually
have been introduced, or intentionally planted, in Delaware and are now escaping and surviving
without cultivation; such species usually do not become widespread or displace native vegetation.
Adventive species are listed in Appendix 2 and are designated as adventive.
Figure 4 identifies good- and poor-quality areas throughout WCCSP. As previously stated, one
definition of a poor-quality area is one that is infested with alien, primarily invasive, plant species.
Many of the areas designated as poor quality are infested to such a high degree that management
efforts geared toward control or eradication will be extremely labor intensive and expensive. In order
to prevent good-quality areas from degrading to the same level, management of these areas should be
geared toward keeping them as free as possible from alien plant invasions. Sites designated as good
quality should be monitored bi-annually for alien invasion, and control efforts should be immediately
applied when an infestation has been identified.
The problem of invasive alien species at WCCSP should be made a priority issue in regard to
management and protection of rare species populations and sensitive habitat. Long-term botanical
field surveys of the park strongly indicate that rare species populations are declining, or have been lost
due to the aggressive nature of invasive alien plants. Field surveys have also shown that invasive alien
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species are a major contributor to poor habitat quality and low species diversity. It is recommended
that staff of WCCSP work closely with the Natural Areas Program of the Division of Parks &
Recreation to develop an invasive species control / eradication program for the park. A staff person
should be trained (or someone specifically hired) to locate, identify, and monitor alien plant species
within the park so that eradication or control methods can be implemented on a long-term basis.
PRIORITY INVASIVE ALIEN PLANTS
Priority invasive alien species are those requiring immediate management attention and include
species with a threat rank of 1 or 2 (i.e., High impact invasive alien species or High potential invasive
alien threat, respectively; see Table 3 above). As was previously stated in this report (see Natural
Community Discussion, Poor-Quality Areas above ), invasive alien species present one of the greatest
threats to native species and communities at WCCSP. In this section, brief profiles of some of the
most problematic alien species are provided; most of the species information is taken from Rhoads
(1999). These species require immediate management attention in order to prevent further ecological
damage to the park’s remaining good-quality habitats. More detailed biological information and
species-specific control techniques are discussed for each on The Nature Conservancy’s (2000)
website of species management abstracts. References to roads, creeks, or buildings may be found in
Figure 2; section numbers can be found in Figure 5.
• Acer platanoides (Norway maple) [1, 4]

Norway maple is one of the most widely-planted street and shade trees in the northeastern U.S. A
native of Europe, it is a shade-tolerant tree that prefers moist soils. It is a large tree that is unusual
among maples in that it has milky sap, which is not found in any of our native maples. Studies
have shown that in areas where Norway maple is the dominant tree, species diversity in the
understory is decreased.
There are no areas in WCCSP that are dominated by Norway maple, but individuals can be found in
moist habitats throughout the park. Notable concentrations are around the park headquarters
building in section 10, and around an old house site at the intersection of Wedgewood and Creek
Roads. Norway maple is a shade-tolerant species, and, if left uncontrolled, has the potential to
eventually become the dominant tree species in a forest. Because it is so widely planted in nearby
areas, seed sources from outside WCCSP pose a significant threat.
• Alliaria petiolata (garlic mustard) [1, 5]

Garlic mustard is a biennial herb native to much of Europe. This species is fairly easy to identify:
it typically reaches a height of 20-30”, has cordate (heart-shaped) leaves, and produces a cluster of
small white flowers in the spring. It is very tolerant of shade and readily invades disturbed forests.
At WCCSP, garlic mustard can be found in almost any forested area, but is especially problematic
in floodplains and other mesic sites, where it can become the dominant herbaceous ground cover.

Delaware Natural Heritage Program

33

Chapter 4: Biological Surveys

White Clay Creek State Park

• Celastrus orbiculatus (Oriental bitter-sweet) [1, 5]

Oriental bitter-sweet is a woody vine native to Asia that is very similar to the native American
bitter-sweet (Celastrus americana). It is a twining vine with ovate-circular leaves and red fruits
that is frequently planted as an ornamental. It is a shade-tolerant species that can grow to
impressive size, with stem diameters of 2-3”, and can work its way up into mature forest canopies.
At WCCSP, bitter-sweet presents a serious threat to native plant species and communities. It can
be found almost anywhere in the park, often as thick tangles draped over existing shrub and herb
layers. Where the species has been established for some time, thick vines can be found up in the
canopy, often outcompeting the trees that provide its support for sunlight, water and nutrients. In
some locations, where it has become established in disturbed and early successional habitats, it has
formed a dense mat under which few tree seedlings can germinate, perhaps permanently stalling the
process of reforestation.
• Eleagnus umbellata (autumn olive) [1, 5]

Autumn olive is a large (10-12’ tall) shrub native to eastern Asia that has been widely planted in the
US as an ornamental and as a wildlife food plant. It is easily identified by the silvery scales that
cover the leaves, twigs, and fruit. The fruits are fleshy red or yellow drupes that are eaten and
spread by a number of birds and mammals. Autumn olive is also a nitrogen fixer, which allows it
to thrive in areas of relatively low soil fertility.
At WCCSP, autumn olive is common and can be found in abundance in disturbed and early
successional areas. Its presence is especially dramatic north of Thompson Station Road, where it is
the dominant species in the understory of a dry-slope forest, and in two abandoned fields west of
Smith Mill Road, where it has formed a dense, alien shrubland along with multiflora rose.
• Lythrum salicaria (purple loosestrife) [2, 3]

Purple loosestrife is one of the most well-known alien invasives, having invaded wetland and
aquatic habitats across North America. The plant averages five feet in height and produces large
purple flowers. This native of Europe and Asia thrives in open-water with full sunlight, but can
invade almost any moist habitat.
This showy, but extremely aggressive alien is relatively rare in WCCSP, but it does occur as
scattered individuals along the banks of White Clay Creek. These plants should be eradicated to
prevent colonization into other more sensitive wetland habitats in the park, such as Devil’s Hole.
• Microstegium vimineum (Japanese stilt grass) [1, 5]

Stilt grass is a shade-tolerant annual grass native to Asia. It was introduced to Tennessee in 1919,
and has since spread throughout the eastern US, primarily in wet forests. It typically grows to 612” in height and is a prolific seeder, with seeds remaining viable in the soil for at least three years.
At WCCSP, stilt grass is pervasive on floodplains and in other wet forested habitats, although it can
be found in more dry-mesic situations as well. In some of the floodplain areas, stilt grass forms a
near monoculture in the herbaceous layer, crowding out all other competing herb species. Although
it is most prevalent in disturbed areas, it has the ability to invade relatively undisturbed forests.
Given this characteristic, and the difficulty of controlling such a widespread and easy-to-overlook
grass, stilt grass may present a greater threat to native plant species than any other invasive
alien at WCCSP.
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• Polygonum perfoliatum (mile-a-minute) [2, 3]

This annual vine was introduced from Asia and has become a serious problem in the mid-Atlantic
states. The vine has prickly stems and has fruits with a fleshy blue calyx. The vine can grow up to
20 feet in a year and often overwhelms neighboring vegetation.
This species is most prevalent in moist areas such as floodplains. Scattered populations of this
extremely aggressive annual vine were found in six sections in the park (4, 5, 6, 12, 13, 15), and
there may be more present elsewhere.
• Ranunculus ficaria (lesser celandine) [2, 4]

This is an Asian perennial with fleshy stems and small yellow flowers. It rarely produces viable
seed, but spreads vigorously through tubers and aerial rootlets. It is a spring ephemeral that blooms
and dies back by May. In southwestern Pennsylvania, this plant has completely taken over
floodplain areas, crowding out other spring ephemerals such as Virginia bluebells (Mertensia
virginica).
This species occurs occasionally on the floodplains of both White Clay Creek and Pike Creek,
usually as scattered clumps. This species was noted as being rare from the 1988 survey and has
obviously increased in frequency since that time. East of the park, in the Red Clay and Brandywine
Creeks, it has literally taken over floodplain forests and thickets, forming carpets of green in the
spring. Eradication from WCCSP should be attempted before populations become uncontrollable.
• Rosa multiflora (multiflora rose) [1, 5]

Multiflora rose is a shrub native to eastern Asia. It was first introduced to the US in the early 19th
century, and was widely planted in the first half of the 20th century as a “living fence.” The shrub
has arching, thorny stems that can grow to five feet in height, and has large clusters of attractive
white flowers. The fruit is a fleshy red hip that is eaten and dispersed by many species of birds and
mammals.
At WCCSP, multiflora rose is widespread and abundant. It can be found in almost any hedgerow
or along any forest edge. West of Smith Mill Road, there are two abandoned fields that have
developed into alien shrublands, dominated by multiflora rose and autumn olive (see above).
Although this species chokes many small streams in the park and is common on the floodplain of
the creek and other similarly wet habitats, multiflora rose may provide soil stability in these areas.
Furthermore, because it may also be beneficial to several bird species that use this plant for food
and cover (see Avian Surveys below), management of this species should avoid negative impacts to
rare species and should occur concurrently with revegetation of these areas with comparable native
species.
OTHER INVASIVE ALIEN PLANT SPECIES
The following are brief comments and descriptions of other alien plant species found in WCCSP. The
threat and abundance ranks, respectively, are in brackets (see Tables 2 and 3 above for definitions of
ranks). Due to the extensive occurrence of some of these species throughout the park, the exact
locations of many of their populations were not noted during this survey; only presence within each
section was recorded. References to roads, creeks, or buildings may be found in Figure 2; section
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numbers can be found in Figure 5. All of these species are considered to be invasive and management
attention should also be directed at eliminating these species from the park.
• Ailanthus altissima (Tree-of-Heaven) [2, 3]

This tree primarily occurs along roadsides. Large populations were found along Corner Ketch
Road in section 4 near the state line, and on the corner of Rt 2 and Pike Creek Road in section 15.
Less of a potential forest problem species than once thought, it still can be rather aggressive in
disturbed and successional habitats.
• Ampelopsis brevipedunculata (porcelain-berry) [2, 3]

This aggressive woody vine is well established in some hedgerows and roadsides in WCCSP,
especially in sections 8 and 12. Spread by birds, it may be difficult to eradicate especially because
of its superficial resemblance to native grapes when not in fruit.
• Arthraxon hispidus (joint-head arthraxon) [2, 3]

This aggressive grass is usually found in moist swales, wet ditches, and low fields. It is currently
not yet a problem in the park and occurs primarily on gravel bars in White Clay Creek, or on pond
edges. It will likely increase in frequency in the near future.
• Berberis thunbergii (Japanese barberry) [2,4]

This is a small, thorny shrub native to Asia. It can be found in almost any habitat, but its greatest
threat is to dry, upland woods.
• Cardamine impatiens (bittercress) [2, 3]

This species is currently only occasionally found in the park, usually in floodplain woods, thickets,
and fields, as well as in disturbed sites. It can be quite aggressive, as observed in the Brandywine
Valley.
• Datura stramonium (jimsonweed) [4, 1]

Almost exclusively an agricultural weed and not likely to be a major threat, but a large population
was seen on a gravel bar south of Hopkins Bridge in section 7.
• Eragrostis curvula (weeping love-grass) [2, 2]

Though not a high impact invasive at this time, this showy species has the potential to become a
dangerous invasive alien. It was planted along the road of the Chambers Rock Road bridge, and it
is recommended that it be removed before invasion to natural habitat occurs.
• Glechoma hederacea (ground ivy) [1, 5]

This low growing perennial mint will develop carpets on floodplains and along creeks. It is found
throughout the park.
• Hemerocallis fulva (orange daylily) [1, 5]

This perennial species often develops dense colonies on floodplains, along creeks, and on forest
edges.
• Humulus japonicus (Japanese hop) [1, 4]

A perennial species, this plant can be found smothering vegetation along creekbanks.
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• Ligustrum vulgare (European privet) [2, 5]

This shrub species is found in ten sections. It is an European native that is most frequently seen
invading wet woods.
• Lonicera maackii (amur honeysuckle) [1, 4]

This bush honeysuckle is a shrub that has the potential to be quite dangerous. It is found in eight
sections of the park growing in thin woods, fields, thickets and edges.
• Lonicera morrowii (Morrow’s honeysuckle) [1, 5]

This is another bush honeysuckle species that can be potentially dangerous. It is found in 11
sections of the park in basically the same habitat as its cousin listed above.
• Lonicera japonica (Japanese honeysuckle) [1, 5]

There is nowhere in the park where Japanese honeysuckle does not occur. Control efforts should
focus on sensitive habitat, such as Devil’s Hole in section 6.
• Ludwigia peploides ssp. glabrescens (floating seedbox) [2, 1]

This aquatic plant is adventive in Delaware and can be an aggressive invader of ponds, often
completely covering their surfaces. It is currently only observed in the small fishing pond near
Paper Mill Road in section 12. Eradication should be attempted before invasion to other ponds in
the park occurs.
• Lysimachia nummularia (creeping Jennie) [2,4]

Creeping Jennie, or moneywort as it is often called, is a prostrate perennial that grows in wet
habitats. It has become a problem in wet woods especially along the White Clay Creek floodplain.
• Phalaris arundinacea (reed canary grass) [2, 5]

Reed canary grass is native to the northwestern portion of the United States and is adventive in
Delaware. At WCCSP, it grows in marshes and wet fields. It is a perennial grass and can be quite
aggressive and has the potential to form pure stands.
• Phragmites australis (common reed) [1, 3]

Phragmites australis is a native grass of Delaware, but the aggressive species that forms pure
stands in wetlands may actually be a hybrid between European and North American genotypes. It
is found in five sections of the park growing in marshes and wet fields.
• Poa trivialis (Scribner’s bluegrass) [1, 5]

Poa trivialis is a perennial grass of seeps, streambanks, and low fields. It was observed in 11
sections of the park.
• Polygonum caespitosum (tufted knotweed) [1, 5]

This annual herb is found in all sections and grows in a variety of woodland habitats.
• Polygonum cuspidatum (Japanese knotweed) [2, 3]

Several populations of this alien knotweed occur in the park. It can spread relatively quickly from a
core population and outcompetes most other plants where it grows. The largest population is in a
disturbed area around an old house site at the south end of section 12.

Delaware Natural Heritage Program

37

Chapter 4: Biological Surveys

White Clay Creek State Park

• Polygonum perfoliatum (mile-a-minute) [2, 3]

Scattered populations of this extremely aggressive annual vine were found in six sections in the
park (4, 5, 6, 12, 13, 15), and there may be more present elsewhere.
• Ranunculus repens (creeping buttercup) [3, 2]

This species usually inhabits very low fields and sluggish stream sides and is frequent within these
habitats. In WCCSP, it is only known in streams in section 10, where it is common, and there are a
few outlying populations in section 11. Although not a major threat at this point, this species
should be monitored.
• Rhamnus davurica (lance-leaf buckthorn) [2, 1]

A single colony exists along Creek Road in section 13. This species has the potential to become
widespread. Elimination of this population should be relatively easy.
• Robinia pseudoacacia (black locust) [1, 5]

In North America, this species is native to the eastern mountains and extends west to Oklahoma. It
is adventive in Delaware, and is found in ten sections of the park growing in woods and thickets.
• Rubus ideaeus var. strigosus (red raspberry) [3, 5]

This bramble, native to most of the US, is adventive in Delaware. The nearest native populations
occur along the Appalachian front in Pennsylvania. In WCCSP, it often forms huge tangled mats in
fields and along woodland edges and thickets, but is rarely seen elsewhere in the area.
• Rubus phoenicolasius (wineberry) [1, 5]

This alien bramble is found in all sections growing in fields, thickets, and early successional woods.
• Urtica dioica (stinging nettle) [1, 5]

This perennial herb can dominate portions of floodplain woods throughout the White Clay Creek
valley.
• Veronica hederifolia (ivy-leaf speedwell) [1, 5]

The annual herb grows in rich woods and floodplains in eight sections of the park.
• Viburnum dilitatum (exotic arrow-wood) [2, 1]

Several individuals of this aggressive alien were found in section 13, and much more in the tuliptree woods in parts of section 15. This species does not appear to be a problem at this time, but has
the potential to become a nuisance and should be monitored, or known populations eradicated.
• Wisteria floribunda (Japanese wisteria) [2, 1]

This is a rare escape in WCCSP, however, a population at the south end of section 12 is
overwhelming. It is found in a disturbed clearing and has also invaded the surrounding tulip-tree
woods. Control should be initiated while still feasible.
Rare Vascular Plants
A total of 82 rare species were recorded from WCCSP. Each is listed below along with general
comments regarding (where appropriate) habitat, population size, distribution within the state,
potential threats, and management recommendations. These species are listed in order according to
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life form. The state rank of each species is placed in brackets (see Appendix 1 for an explanation of
ranks). References to roads, creeks, or buildings may be found in Figure 2; section numbers can be
found in Figure 5. Mapped locations of each species were provided to the Division of Parks and
Recreation only.
AQUATIC PLANTS
• Podestemum ceratophyllum (threadfoot) [S1.1]

This species is found growing in swiftly flowing water anchored to boulders and large rocks. A
small (less than 5 m2) patch of this plant grows clinging to a large boulder in the middle of the dam
on White Clay Creek (section 13). This is the only extant population of this plant in Delaware and
the only known population in the White Clay Creek drainage. This species is likely sensitive to
poor water quality and is considered extirpated in the Red Clay and Brandywine Creeks. This
population should be monitored annually for presence / absence.
• Zannichellia palustris (horned pondweed) [S1]

This aquatic pondweed grows in flowing water anchored to rocks and pebbles. Scattered colonies
of this plant were observed in six different survey sections of the park. However, no colonies were
seen after Hurricane Floyd.
FERNS AND FERN ALLIES
• Adiantum pedatum (northern maidenhair fern) [S3]

This is a fern of rich woods and slopes. Two small (less than 20 plants combined) populations were
found during this survey: one is in section 6 along the trail on the edge of the floodplain north of
the Nature Center; the second is in rich woods in section 11.
• Botrychium matricariifolium (chamomile grape-fern) [S1]

This fern grows in young woods and thickets. A relatively large population of this elusive fern was
found in 1988 along a trail in section 4 (upland thickets under autumn olive next to the state line).
Every attempt to relocate this population has failed. The site contained a considerable amount of
autumn olive when first discovered, however, factors other than alien invasive displacement may
have eliminated the population (e.g., deer grazing). An attempt at removing autumn olive from this
site is recommended for potential reemergence of this species.
• Cystopteris protrusa (lowland brittle fern) [S2]

This species grows in rich floodplain woods. Several populations were seen in 1988 and in the
years immediately after, but none were relocated in 1999. There may still be extant populations,
but most, if not all were probably choked out by multiflora rose and other alien species that have
increased significantly in the biomass during the last decade. Invasive species control in and
around known populations may prove helpful.
• Cystopteris tenuis (bladder fern) [S2]

This fern grows on rocks, banks, and old walls. This species prefers a limestone substrate and in
Delaware it is usually found on old mortared walls. In WCCSP, two populations were observed:
the first population (10-20 plants), grows on an old bridge abutment in section 4; a second
population grows in cracks in large boulders at the edge of White Clay Creek at the extreme south

Delaware Natural Heritage Program

39

Chapter 4: Biological Surveys

White Clay Creek State Park

end of section 13. This population is within a high-traffic fishing and bathing area and could
possible be impacted by trampling.
• Diphasiastrum tristachyum (deep-root clubmoss) [S3]

A single population of this uncommon, evergreen fern ally can be found within young open woods
on the north side of Wedgewood Road in section 8. Approximately 50 plants are found at this site.
• Dryopteris celsa (log fern) [S1]

A single population of this robust, attractive fern was found in a low area along a small stream in
section 9. The population is immediately adjacent to a hiking trail, but impacts from foot traffic are
not anticipated.
• Lycopodium hickeyi (treelike clubmoss) [S1]

This species was found growing at WCCSP in young woods and thickets. A small colony was
discovered in young upland woods southeast of the water tower in section 14, adjacent to a large
open area.
• Polypodium virginianum (rock polypody) [S3]

This species prefers shaded boulders and large rocks on steep wooded slopes and bluffs. Two small
populations occur in WCCSP in sections 11 and 8. The latter is in a high-traffic area above the
pond not far from the ‘Millstone’ rock. Monitoring of the section 8 population for presence /
absence is recommended.
• Woodsia obtusa (blunt-lobed woodsia) [S2]

This fern grows on rocks, banks, moist cliffs, mortared walls, and bridges. A population of 50-100
plants can be found growing on mortise between cracks on the bridge abutment at Wedgewood
Road.
GRASSES
• Bromus latiglumis (riverbank brome) [S1.1]

This species is a new addition to the flora of Delaware and a clump of less than ten plants was
discovered growing under an old osage orange hedgerow along Creek Road in section 9.
• Dichanthelium dichotomum var. 4 (= yadkinense), (Yadkin’s panic-grass) [S1]

This species is referred to as “var. 4” because most authors include the variety yadkinense within
the full species Dichanthelium dichotomum, and variety yadkinense has not been formally
published within the genus Dichanthelium. The DNHP does recognize variety yadkinense as a
valid infraspecific taxon and will list it as var. 4 until the combination has been formally published.
This grass grows in well-drained, alluvial soils in woodlands. A small population was discovered
on a small wooded floodplain terrace along Pike Creek at the edge of a small patch of mature
woods in section 15.
• Dichanthelium linearifolium (slim-leaf witchgrass) [S1]

This grass is found growing at WCCSP in rich, but dry woods, which makes it rather selective in
where it prefers to grow. This species is easily overlooked and one population, of 10-20 plants, was
found in section 7 with several other state rarities.
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• Elymus hystrix (bottle-brush grass) [S2]

This grass can be found growing in open floodplain woods and edges. This distinctive grass occurs
sporadically in small groups on banks and gravel bars of White Clay Creek. Populations at
WCCSP have definitely diminished since 1988, possibly due to alien invasions.
• Muhlenbergia tenuiflora (slender muhly) [S2]

This grass prefers rich, often rocky woodlands. A small patch of this slender grass was found in
section 7.
• Poa cuspidata (bluegrass) [S2]

This grass can be found on rich, often rocky wooded slopes. This species is the earliest flowering
native bluegrass. A large population grows on a steep wooded slope above White Clay Creek near
the state line in section 4. In addition, several plants have managed to seed along Creek Road in
section 6.
SEDGES
• Carex bromoides (brome-like sedge) [S1]

This sedge can be found in wet swamps, seeps, and low woods. This sedge is known at WCCSP
from the floodplain trail in section 4, and in low woods at the northern end of section 7. The latter
population was first found during 1988 surveys, and at that time, about ten plants were observed.
This population could not be relocated in 1999 and may have been crowded out by alien invasives.
Alien plant control at the section 7 population may help in recovery.
• Carex bushii (Bush’s sedge) [S2]

This sedge prefers dry to moist open fields. In WCCSP, a few plants were found growing along a
moist swale in a field in the northwest corner of section 6 during 1988 surveys. This area is mown
too frequently and plant species diversity is much less than in years past. Carex bushii could not be
relocated at this site, possibly due to excessive mowing. It is recommended that mowing at this site
be reduced and if possible done only in during the later part of the growing season (e.g.,
November).
• Carex frankii (Frank’s sedge) [S2]

This sedge is usually found growing in moist, often disturbed openings, such as ditches, trail sides,
and stream edges. In WCCSP, it reveals itself as small clumps in roadsides ditches, especially
along Creek Road. Populations often move from year to year and this species appears to be
expanding its range in Delaware.
• Carex granularis (meadow sedge) [S2]

This sedge prefers to grow in low fields. However, one small population at WCCSP was found
along a trail in upland thickets of section 4, an unusual habitat for the species. Another population
was found in a low spot just north of the pumping station in section 7.
• Carex gynandra (sedge) [S2]

This plant can be found growing in wet floodplains and swamps. This sedge is very similar in
appearance to another more common species, Carex crinita, which also grows in the same habitats
in WCCSP.
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• Carex squarrosa (squarrose sedge) [S2]

Typically grows in openings in swamps and low woods. The largest population in WCCSP is in a
wetland just north of Chambers Rock Road in section 5. Another population can be found growing
along wet edges of the access road to the floodplain agricultural fields in section 6, east of Hopkins
Bridge.
• Carex torta (twisted sedge) [S2]

This sedge is restricted to gravel bars of White Clay and Brandywine Creeks and is one of the more
conspicuous inhabitants of this habitat type. This species usually grows near the water’s edge in
the high-energy, coarse-grained portion of the gravel bars. Its massive and thick root system
enables it to resist strong currents, including the massive flood pulse created by Hurricane Floyd. It
is frequent in WCCSP, but scarce in other areas of the Piedmont of Delaware.
• Carex trichocarpa (hairy-fruit sedge) [S2]

This sedge is found in wet fields and low thicket edges. Carex trichocarpa can be easily identified
vegetatively by the purplish colored leaf sheaths, rhizomatous growth habit, and specific habitat
preference. There are two populations in WCCSP, both are in section 6: one near the Devil’s Hole
site, and the second in a swampy area on the west bank of White Clay. Both populations are being
threatened with shade by woody plant succession. Woody plant removal or control is
recommended for this site.
• Carex willdenowii (Willdenow's sedge) [S1.1]

The only extant population of this sedge in Delaware occurs in WCCSP. The population consists
of 10-20 plants growing in oak woods at the top of a steep bank above the floodplain trail (old road)
in section 7.
• Cyperus squarrosus (umbrella sedge) [S1.1]

This sedge, new to the flora of Delaware, grows on gravel bars in the White Clay Creek. Its
discovery at WCCSP may be due to the extremely low water levels that occurred in the early and
middle parts of the season. These low creek levels may have helped to expose gravel bars that are
otherwise covered with water. One small (< 5 plants) population was seen on a gravel bar northeast
of the Nature Center in section 6. Another suspected, but not confirmed population was seen in
section 8. This suspected occurrence was eliminated by high water from Hurricane Floyd before
positive identification could be made. High waters from Hurricane Floyd swept all the gravel bars
of White Clay Creek clean, but many new and large gravel bars were created from deposition.
These new gravel bars should be monitored for new populations of C. squarrosus.
• Schoenoplectus purshianus (weakstalk sedge) [S2]

This sedge grows in marshes and along wet edges of ponds in the drawdown zone. The two
WCCSP populations are growing on exposed mud in the draw-down zone of ponds. In a wet year,
populations are confined to a very narrow high-water strip along the edge of the pond, but in the
drought of 1999, prior to Hurricane Floyd, populations in both ponds had expanded within the
draw-down zone and were quite large in size.
• Scirpus atrovirens (woolgrass bulrush) [S1]

In Pennsylvania, this sedge grows in low fields and moist edges, but in WCCSP it grows
exclusively on gravel bars within White Clay Creek. Populations usually consist of only a few
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plants. Gravel bars in White Clay should be checked in the future due to the disturbance of
Hurricane Floyd.
• Scirpus expansus (red-stem bulrush) [S2]

This species is found growing in marshes and open swamps, primarily in the wettest areas of
floodplains along White Clay Creek. Easily identified by the dark red color of the leaf and stem
bases. An occurrence of this species is found in a low field edge at the southwest end of section 8.
This occurrence is found in habitat that is somewhat atypical.
• Trichophorum planifolium (bashful bulrush) [S2]

This sedge can be found growing on dry wooded banks and steep wooded slopes. A population
was found growing along Thompson Station Road in section 10. Another population was found a
few years ago growing with Carex willdenowii in section 7, but could not be relocated in 1999,
although it is likely still present because the habitat has not changed.
BROAD-LEAVED HERBACEOUS PLANTS
• Agastache nepetoides (giant yellow hyssop) [S2]

This plant grows in thickets, on banks, and along woodland edges and flowers in July to September.
Several plants of this tall and distinctive mint were found in WCCSP growing along the wooded
lane that runs to the small isolated triangle of land in section 4 at the state line. Another population
was found along Creek Road north of the Nature Center in section 6. This population was first seen
in 1988 and was still extant in 1999 with several plants observed.
• Agrimonia striata (roadside agrimony) [S1]

This species grows in floodplain woods, thickets, and edges and flowers in late summer. First
observed in 1993, roadside agrimony was not relocated during 1999 surveys despite careful
searching at its original locations in sections 6 and 13. This species may still be present in WCCSP,
but in a new location. It has the tendency to “move around” and can often occur in disturbed
habitats.
• Allium tricoccum (small white leek) [S3]

This onion is usually found in rich woods and flowers in mid-summer. During 1999 surveys, two
populations were found: the first is a patch of several square meters in the outlying triangle of
section 4 on the state line; the second is a small patch on the bank along an old road in section 5
also near the state line.
• Angelica atropurpurea (great Angelica) [S1.1]

This is a species of low floodplain thickets, marsh edges, and stream sides and flowers from spring
to mid-summer. In 1997, a single individual of this large biennial plant was observed growing on
the steep west bank above White Clay Creek below Creek Road just south of section 9. No plants
have been observed since 1997. Annual monitoring for presence / absence is recommended.
• Antennaria howellii ssp. neodioica (pussytoes) [S1]

This plant often grows on dry sunny banks, in fields, and frequently mowed areas. It flowers in
mid-summer. Several patches of this mat-forming plant were found mixed with two other species
of pussytoes in the small field just south of Pleasant Hill Road in section 11.
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• Aplectrum hyemale (puttyroot) [S2]

This attractive orchid grows on rich wooded slopes, preferably on south facing slopes, and flowers
from May to June. The White Clay Creek valley is the stronghold of puttyroot in Delaware, with at
least four separate populations documented. Three large populations in WCCSP (sections 7, 8, and
9) grow in rich, south-facing slopes in mature tulip-tree woodlands. A few plants are scattered on
the multiflora rose infested stretch of the floodplain terrace woods in section 4.
• Aquilegia canadensis (wild columbine) [S2]

This showy plant grows on wooded bluffs and in rocky woods, and flowers in May to September.
During 1998 surveys, a few plants of this species were found growing on the edge of a steep
roadbank above White Clay Creek near the Nature Center in section 6. This population
disappeared a year or two later, and has not been observed since that time. Continued surveys of
this site are recommended to determine status within the park.
• Aralia racemosa (American spikenard) [S3]

Typically found in rich woods, on wooded banks, steep wooded ravines, and streambanks, this
species flowers from July to August. Populations of this plant are found in sections 4 and 14. Both
contain less than ten plants and grow on steep wooded banks above small streams. A population in
section 9 grows on a partly shaded, steep wooded roadside bank above Creek Road and is very
vigorous.
• Arisaema dracontium (green dragon) [S2]

This plant is found in floodplain woods and swamps in early to mid-summer. It grows occasionally
in small groups, or as individual plants and can easily be overlooked in the lush vegetation of
floodplain forests. One of several populations of this species, found in section 4, contained over
100 plants in 1988 (growing along a creekside trail), but the population has declined over time and
it could not be relocated during 1999 surveys, although it still likely exists as dormant underground
rhizomes.
• Asclepias exaltata (poke milkweed) [S2]

This species prefers rich woods, usually on slopes or banks and flowers from June to July. The
only population in WCCSP, first observed in the early 1990s, has never had more than two to three
individuals and only a single plant was found in 1999.
• Asclepias purpurascens (purple milkweed) [S2]

This milkweed is found in thin rich woods, thickets, and edges and flowers in June to July. A small
population of this plant grows along the west side of Pike Creek Road in section 15. The site was
mown within a week of its discovery, fortunately, some leaves and parts of stems were not cut, so
the population was not entirely harmed.
• Aster schreberi (Schreber's aster) [S2]

This late summer-blooming woodland aster is found growing in rich woods, on edges, and
streambanks. The only population of this distinctive aster in WCCSP is on the old roadbank in
section 5 near the state line. There are several other populations just outside the park along
Thompson Station and Creek Roads.
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• Campanula aparinoides (marsh bellflower) [S2]

This species is found in open marshes and wetlands and flowers from June to September. This
slender, climbing, diminutive herb was first observed in 1988 in Devil’s Hole (section 6). It was
not relocated in 1999, but may still be present in Devil’s Hole as the habitat has not changed that
greatly.
• Cardamine rotundifolia (roundleaf watercress) [S1.1]

This plant is found in cold wooded seeps and rivulets and flowers in May. The population in
WCCSP is the only known occurrence in Delaware. It was first discovered in 1988, growing in a
wet seep in a ravine near the state line. The population has increased greatly over the years and
produced several satellite populations downstream in the ravine.
• Cerastium nutans (nodding chickweed) [S1.1]

This species grows in open woods and on slopes and flowers from spring to mid-summer. A small
population of this rather elusive chickweed was seen in 1988 in section 4. It was growing along
trail sides in the open “terrace” floodplain woods above White Clay Creek. The habitat has
succeeded somewhat, and the plant was not seen in 1999. Because it is an annual, it may have
seedbanked and may be awaiting suitable conditions before reappearing. Control of woody plants
here may improve conditions for this species.
• Chamaelirium luteum (devil’s bit) [S1]

This is a plant of open, rich wooded slopes and banks and flowers in June. Only a single
population of this showy lily is known from WCCSP. It grows in section 7, just above a strip of
mountain laurel in oak woods. This species was first found in 1997 when several dozen plants were
observed. Only a few individuals were relocated in 1999.
• Corydalis flavula (yellow corydalis) [S1.1]

This species grows in dry, often disturbed roadbanks, edges, and young woods and flowers in
spring. In the late 1980s this annual species was common on a 0.3 mile section along the old road
south of the pumping station in section 7 on the east side of White Clay Creek. Local residents in
the area indicate that in the past, this plant was also common along the west bank of White Clay
Creek, but has not been seen in recent times. By the late 1990s, only a few plants have been
observed on the east bank of White Clay. This species likely seedbanks and when conditions are
right, it may erupt once again into the large, widespread populations that were seen in the past.
• Cunila origanoides (common dittany) [S2]

This species tends to grow in dry, acid to rich woods in partial shade and flowers in August and
September. A moderate population is growing in section 7 on a wooded bank above the old road
along White Clay Creek.
• Cynoglossum virginianum (wild comfrey) [S3]

This plant grows in rich woods in well-drained soils and flowers in spring. A small population was
found east of the water tower in section 14, and another population of six plants was located in rich
moist woods in section 7. A population previously known from section 9 was not relocated in
1999.
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• Desmodium glutinosum (large tick-trefoil) [S2]

This species grows in rich woods and flowers in mid to late summer. Only one population of this
species is known in WCCSP; it was discovered during 1988 surveys. This population can be found
growing on a wooded slope above White Clay Creek in section 4 near the state line.
• Galium asprellum (rough bedstraw) [S1]

This species can be found in open marshes and swamps and flowers in early to mid-summer. A
trailing plant of wetlands, it is found in Devil’s Hole in section 6, where it has been observed for
many years, and also in a floodplain wetland in section 5.
• Galium lanceolatum (Torrey's wild licorice) [S2]

This is a plant of rich rocky woods and wooded slopes; it flowers in early to mid-summer. A small
population of this woodland herb was seen in 1998 on a ridgetop in mature woods not far from the
state line. The population was not relocated in 1999. There are no other known populations in the
White Clay Creek drainage in either Delaware or Pennsylvania, and the other Delaware populations
are in the Red Clay and Brandywine drainages.
• Gentiana andrewsii (fringe-top bottle gentian) [S1]

This species inhabits rich low fields, swales, and thickets and flowers in October. A healthy
population of several dozen plants were first discovered in a low field near Devil’s Hole (section 6)
in 1988. In addition, scattered plants were also found in the same section in successional terrain
nearby Devil’s Hole. Rapid succession by shrubs and trees, especially autumn olive, quickly
reduced the main population to only a few sterile individuals within four or five years. Gentiana
andrewsii has not been seen at this site for several years, and Carex trichocarpa, another state rarity
growing at the same site, is also being eliminated by woody succession. Vegetative management of
woody plants is recommended at this site in order to revive these populations.
• Geum laciniatum var. laciniatum (rough avens) [S2]

This plant prefers wet soils that are found in marshes, ditches, and swales and flowers in midsummer. A small population of this herb grew for a number of years in section 5 near and along the
road to the parking lot off Chambers Rock Road, and also at the edge of a thicket in section 6. At
both sites it has not been seen for several years and was not relocated in 1999, however, it may still
persist waiting for appropriate conditions.
• Heliopsis helianthoides (ox-eye) [S1]

The ox-eye grows in fields and edges and flowers in mid-summer. Two populations of this relative
of the sunflowers were discovered in 1988. The first, in section 7, which still persists, was found
along an old road along White Clay Creek. The second population, near the Chambers Rock Road
parking lot in section 5, was observed in 1998, but was not seen in 1999. This population has
probably succumbed to excessive mowing and invasive plants such as multiflora rose, Jerusalem
artichoke, and Japanese knotweed. It is recommended that invasive plant control be initiated at this
site, as well as a reduction in, or schedule mowing for later in the season.
• Isotria verticillata (large whorled pogonia) [S3]

Three populations of this uncommon orchid are found in sections 4, 8, and 11 and all three were
first discovered in 1990. The section 4 population contains 50 to 100 plants growing in young
woods with a thin canopy. The section 8 population contains only a single plant found in young
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maple woods. The section 11 population contains about 15 plants in mature woods near a steep
roadbank at the junction of Hopkins Road and Thompson Station Road.
• Lilium canadense ssp. canadense (Canada lily) [S2]

Canada lily is found in rich woods, wet woods, and low fields. This species blooms in midsummer. A few sterile plants of this species were found growing in the swampy floodplain woods
of section 5 north of Chambers Rock Road. This species is a favorite of deer, which nibble its
tender shoots and leaves.
• Liparis liliifolia (large twayblade) [S2]

This orchid grows in early successional woods and thickets and blooms in May. In the late 1980s,
when there was still a considerable amount of young thicket and old field habitat in WCCSP to
support this species, hundreds of plants could be seen on the slopes in section 4. In the last ten
years the trees have gotten bigger, the aliens have gotten thicker, and this orchid has become a plant
that is hard to find. The large population mentioned above was reduced to just a few scattered
plants. A population consisting of a few plants was discovered during 1988 surveys in section 11,
but could not be relocated in 1999. Other known sites at WCCSP were found to contain an
abundance of autumn olive, Japanese stilt grass, and other alien herbs and shrubs, but no large
twayblade. Alien invasive plant control is needed at all known sites.
• Mertensia virginica (Virginia bluebells) [S2]

This showy plant of early spring is usually found in floodplain woods. A small population was
seen in 1988 (section 4), growing along a feeder stream leading to White Clay Creek. It was near
an old house site where there were some other plantings, so the origin (i.e., whether natural or
planted) of this population is somewhat suspect. A second small population was found growing on
a hummock at the southwest corner of the junction of Thompson Station Road and Hopkins Bridge
Road in section 7; the origin of this population is also suspect. The latter population has definitely
disappeared and the former was not observed in 1999, though it may still be present there. No other
populations of this species has been observed in the White Clay Creek drainage.
• Monarda clinopodia (basil bee-balm) [S2]

Basil bee-balm grows in thickets, fields, edges, and flowers in mid-summer. In the late 1980s, a
small population of this mint was found along the south side of Wedgewood Road in section 9.
This population still persists, but is of suspect origin, because it is located near an old home site
where there are a number of alien species present, such as Phlox paniculata (fall phlox).
• Monotropa hypopithys (American pinesap) [S2]

This plant can be found growing in dry woods, often under oak trees throughout the summer.
Despite its name, this saprophyte does not generally grow under conifers, at least in the White Clay
Creek valley. It is frequently found in dry oak woods. The largest population in WCCSP is above
Pleasant Hill Road in Section 11. Earlier known populations (first observed in 1988), found further
west in section 11 and also near the Arcstone in section 8, were not relocated in 1999.
• Myosotis laxa (small forget-me-not) [S3]

This plant is found growing in wet open seeps, rivulets, and streamsides from July to August. A
small population of this species was discovered growing on a gravel bar on Pike Creek just as it
enters section 15. This species can be easily overlooked and confused with its larger, non-native
relative M. scorpioides.
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• Orobanche uniflora (One-flowered broomrape) [S2]

An elusive species with a very short observation window, this broomrape grows in mature rich
woods with a sparse ground cover and can be found in May or June. In 1999, new populations
were discovered in sections 6 and 7.
• Osmorhiza claytonii (anise flavored sweet cicely) [S2]

This plant grows in rich woods and usually finishes flowering in early summer. Two populations
of this species were found during 1999 surveys, and there may be others. It can be easily confused
with its more common relative O. longistylis (sweet cicely), especially when sterile or in flower.
• Platanthera peramoena (purple fringeless orchid) [S1.1]

This orchid grows in wet clearings of floodplain woods, and usually blooms in July. In Delaware,
the purple fringeless orchid is known from a single population in WCCSP. The site, found in
section 13, is north of the substation on the east bank of White Clay Creek. This species was first
reported from this same area by Robert Tatnall in the 1940s. In the 1960s and 1970s, hundreds of
plants were reported, but with woody plant succession overtaking this site, P. peramoena has
virtually disappeared. The species was rediscovered at this site in the late 1980s and the plant has
sporadically reappeared over the years since that time. A single plant was observed flowering in
1997 under a buttonbush and no plants were observed in 1999. The preferred habitat condition
(i.e., open and sunny) for this plant, is nearly gone from the floodplain forest of this site. A
vigorous effort to control woody plant establishment and spread is needed here. In addition, a way
must be found to eliminate the invasive plant Japanese stilt grass, which forms carpets on the
alluvial floodplain soils precluding the establishment of any native plants. In 1996, The Delaware
Field Office of The Nature Conservancy removed woody vegetation and girdled several trees at this
site with the hopes of recovery. A single plant was then observed in 1997. Efforts such as these
should continue so that Delaware does not loose its only known population of this rare and
beautiful orchid.
• Polygonatum biflorum var. commutatum (giant Solomon’s-seal) [S1]

This species can be found on rich wooded banks and edges and flowers from May to June. A small
clump in section 5 along the state line, first observed in 1988, still persists. A newly discovered
population, along Polly Drummond Hill Road in section 14, is vulnerable to road maintenance.
• Pyrola elliptica (shinleaf) [S2]

This species is typically found in rich, sometimes rocky woods and flowers from June to July. Two
populations found in the late 1980s in sections 9 and 11 still contain fairly large colonies.
• Thalictrum dioicum (early meadow-rue) [S1]

This member of the buttercup family can be found growing on rich rocky slopes and flowers from
April to May. A single population of 10-20 plants is known from WCCSP. It was first discovered
during 1988 surveys growing on a old roadbank in section 5 near the state line and was relocated in
1999.
• Trillium cernuum (nodding trillium) [S2]

This is a plant of rich woods, ravines and small streambanks that flowers in May. This showy lily
is relatively frequent in the White Clay Creek valley, usually found in mature tulip-tree woods and
steep-sided ravines.
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• Triosteum aurantiacum var. aurantiacum (coffee tinker's-weed) [S1]

This species grows in rich thickets, fields, and edges and usually flowers in June. In 1988, only a
few plants of this large coarse herb were found growing on an old road in section 5, midway
between Chambers Rock Road and the state line. This population was observed for several years
after its discovery, but disappeared in the early 1990s. It was not relocated in 1999 and the
population may have died out.
• Vernonia glauca (broadleaf ironweed) [S1]

This plant can be found growing in dry fields and along edges and flowers in late summer. Several
sterile plants were seen along trails in sections 4 and 14.
• Viola rotundifolia (roundleaf violet) [S2]

This plant grows on north-facing wooded banks and slopes and flowers in the spring. A population
of this distinctive violet with a very short blooming period was found in section 12. A few dozen
plants were growing along a trail in low woods not far from a creek. The plants were not relocated
in 1999, but the habitat has not changed drastically and a few may still be present.
• Zizia aurea (common Alexander’s) [S2]

The golden bloom of Zizia can be found on floodplains and in low woods from April to June. A
population of three plants was discovered in late November growing on a roadbank under a grove
of Ailanthus altissima (tree-of-Heaven) along Corner Ketch Road in section 4.
DECIDUOUS WOODY SHRUBS
• Euonymus atropurpurea (wahoo) [S1]

This rare and distinctive shrub can be found in rich low woods, floodplains, and thickets. Less than
ten plants of this species were found in a scooped-out roadbank, or small quarry along Creek Road,
only a few yards southeast of the Nature Center. This is the first known collection of this plant in
the White Clay Creek valley.
• Spiraea alba var. alba (narrow-leaf meadow-sweet) [S1]

This plant grows in open marshes and wetlands and flowers from June to August. This species was
first discovered in Devil’s Hole marsh in section 6 in 1988, where it formed a vigorous population.
In 1999, the population was still present and in fruit.
HERBACEOUS VINES
• Calystegia spithamaea ssp. spithamaea (low bindweed) [S1]

This species grows in open woodlands, thickets, and edges during the summer months. A couple
dozen plants of this low-growing, twining vine were found in the mid 1990s on the upper edge of a
wooded ravine where the woods grade into thickets. This plant was not observed in 1998 or 1999,
but suitable habitat still remains and may still be present. Deer browsing may have played a part in
its decline.
• Cuscuta polygonorum (smartweed dodder) [S1.1]

This plant grows around low pond edges and in wet thickets. A vigorous population of this
parasitic vine was found growing in a willow thicket in a shallow area of a large pond in section 12.
Rather than its preferred host of smartweeds (Polygonum spp.), this population was growing on
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tick-seed sunflowers (Bidens spp.). This was the first recent collection of this plant in Delaware,
and is currently the only active occurrence for it in the state.
Pond Habitat
Ponds found in WCCSP are artificial (i.e., human made). Lemna minor (duckweed) and Spirodela
polyrhiza (common water-flaxseed) often cover the surface of these ponds, however, many rare and
unusual species are also found in the ponds. Some of these species are unusual in that they are rare
occurrences within the Piedmont physiographic province, and some are rare within Delaware. These
species include: Utricularia macrorhiza (large bladderwort, rare in the Piedmont) in a small fishing
pond in section 8; Ludwigia peploides ssp. glabrescens (floating seedbox, a rare invasive species for
the Piedmont) in a small pond in section 12; a larger pond, also in section 12 contains Schoenoplectus
purshianus (weakstalk bulrush, state-rare S2), Eleocharis olivacea (capitate spike-rush, rare for the
Piedmont), Cuscuta polygonorum (smartweed dodder, state-rare S1.1), Decodon verticillatus (hairy
swamp loosestrife, rare for the Piedmont), and Rotala ramosior (toothcup, state-rare S2, and rare for
the Piedmont); Eleocharis acicularis (least spike-rush, rare in the Piedmont) was found in a pond
below the Judge Morris mansion in section 15; and Eleocharis olivacea, Schoenoplectus purshianus
(state-rare S2), Nuphar advena (broadleaf pondlily, rare in the Piedmont), and Sparganium
americanum (American bur-reed, uncommon in the Piedmont) were found in a pond in section 7
(below the pumping station).

BRYOPHYTES
In addition to rare and common vascular plant surveys at WCCSP, surveys of bryophytes (mosses and
liverworts) were also conducted. Bryophytes are a group of non-flowering plants that have a very
complex life cycle, much different than the more well-known flowering plants such as asters and
orchids. Bryophytes also lack the typical root system of higher plants, and are nonvascular, meaning
that they do not have internal tissue (xylem and phloem) for the transport of water and nutrients.
Bryophytes grow in a variety of habitat types, but are primarily found in moist environments, which
are needed for the completion of their life cycles. Bryophytes can also be found growing on a variety
of substrates, such as soils, rocks, tree trunks, decomposing logs and stumps. The diversity of
bryophyte species in a given habitat is a good indicator of habitat quality (Cooper-Ellis 1998). At
WCCSP, several habitat types rarely found in other areas of the state, including rock outcrops, steep
slopes and ravines, seepage wetlands and mature forests, provide ideal conditions for bryophyte
growth. These habitats have the potential to contain a high diversity of bryophyte species, thus it is
important to consider this group of plants in order to develop a more complete picture of the
biodiversity and habitat quality of WCCSP.
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According to the literature and herbarium research, very little study on the bryoflora of Delaware has
been done. The most recent works on bryophytes in Delaware include Delaware Mosses (Allen 1990),
The Sphagnum Flora of Delaware (Karlin et al. 1991), and The Bryoflora of the Great Cypress Swamp
Conservation Area (McAvoy 2000). Prior to these papers, nothing on the bryoflora of Delaware had
been published, and less than 200 collections of mosses had been made in the state (Allen 1990).
Herbaria searches for hepatics (leafy and thalloid liverworts, and hornworts) from the state of
Delaware have not yet been completed, but less than 50 specimens from this group have been found,
and they are all from the late 1800s. Bryophyte data collected at WCCSP will add to the overall
knowledge of this under-appreciated group of nonvascular plants in the state of Delaware.

METHODS
Bryophyte surveys at WCCSP were conducted from May to August within the same sections that were
established for vascular plant surveys (Fig. 5; see Vascular Plant Methods above). A survey of mosses
and liverworts consisted of walking through a section, while recording each species encountered using
a standardized field form. Within each section, surveys focused on areas containing good-quality
habitat for bryophytes (e.g., rock outcrops, steep-sided ravines, mature forest). Very little to no time
was spent in sections containing poor-quality or unsuitable habitat (e.g., second- or third-growth forest,
old fields and pastures overwhelmed by alien species). A species was recorded as being present within
a section only once regardless of how many times it was observed. Relative frequency of occurrence
(i.e., the total number of sections where each species was observed) was determined for each species.
Due to the limited amount of data on the bryoflora of Delaware, it is difficult to determine the
conservation status of individual bryophyte species at this time. State rarity ranks have been applied to
the known bryoflora of the state, but these are tentative at best and are likely to change as future
surveys continue. Therefore, state ranks of S1, S2, and S3 (see Appendix I) were not considered for
this report. Rather, relative frequency was used to determine how common or rare a given species was
within park boundaries. Relative frequency is the total number of sections in which a species was
observed. Within park boundaries, a species with a frequency occurrence of 1 – 3 sections was
considered rare or uncommon; a species with a frequency occurrence of 4 – 11 sections was
considered widespread.
Bryophytes were identified in the laboratory from voucher specimens made during surveys.
Determinations were made by the DNHP botanist, and several questionable taxa (species and varieties)
were confirmed by Dr. Norton G. Miller of the New York State Museum. At least one voucher
specimen was made for all bryophyte taxa encountered. Voucher specimens are currently housed in
the reference herbarium of the DNHP, and duplicate specimens confirmed by Dr. Miller are deposited
at the New York State Museum, Albany, New York. Nomenclature for mosses follows Anderson et
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al. (1990). Nomenclature for sphagnum follows Anderson (1990). Nomenclature for hepatics follows
Stotler and Crandall-Stotler (1977).

RESULTS
A total of 88 species and varieties (taxa) of mosses (74) and liverworts (14) were documented during
surveys of WCCSP (Appendix 4). These include: 72 taxa of mosses (Class Bryopsida), two taxa of
the peat mosses (Class Sphagnopsida), nine taxa of the leafy liverworts (Class Hepaticopsida, Order
Jungermanniales), three taxa of the thalloid liverworts (Class Hepaticopsida, Order Metzgeriales), and
an additional two taxa of the thalloid liverworts in the Order Marchantiales. A total of 30 families are
represented within Subdivision Musci (includes both the true mosses and the peat mosses) and a total
of 12 families within Subdivision Hepaticae (includes both the thalloid and leafy liverworts). Fiftythree genera are found within Subdivision Musci, and 13 genera within Subdivision Hepaticae.
Appendix 4 contains a full list of taxa arranged
Table 5: Number of bryophyte taxa (species and
varieties) found in each section surveyed.

taxonomically and in alphabetical order with
brief habitat notes included.

Survey section
7
8
11
15 (Pike Creek)
14 (Middle Run)
10
12
9
6 (Devil’s Hole only)
5
4
6

No. of taxa recorded
48
47
41
38
37
32
32
26
16
16
15
8

Initial survey efforts at WCCSP revealed that
sections primarily composed of early
successional habitats (second- and third-growth
forests, fields or pastures), which have an
abundance of alien invasive species and lack
moderate to steep-sloped ravines and valleys,
frequently had a low diversity of bryophyte
species. These characteristics collectively
describe poor habitat quality for bryophytes and

were generally avoided. Only enough time was spent in such areas to determine that field surveys
were not worthwhile. As a result, survey sections 1 and 13 were not surveyed at all. [Note: Sections 2
and 3 are in the Pennsylvania portion of the preserve and were not included in surveys for this project].
In contrast, survey sections containing moderate- to steep-sided ravines and valleys usually contained
the highest number of bryophyte species. It was within sections containing these ravines and valleys
that survey efforts were focused. The highest diversity of bryophytes at WCCSP were found in survey
sections 7 (48 taxa) and 8 (47 taxa) (Table 5). Survey section 7 also contained the highest number of
hepatics recorded (7 taxa). The lowest number of bryophyte species recorded was in section 6 (8
taxa), not including Devil’s Hole.

52

Delaware Natural Heritage Program

White Clay Creek State Park

Chapter 4: Biological Surveys

The relative frequency of occurrence for bryophytes of WCCSP is reported in Table 6. In this table,
taxa found in section 6 are separated into two columns: those found in Devil’s Hole and those found
in other areas of section 6. Twenty-one species of bryophytes were observed and collected only once
within park boundaries and 26 species were recorded in two to three sections. These species are
considered rare or uncommon and can be found in Table 6 in boldface type. The habitats where these
species are found are listed in Appendix 4. Forty-one species were recorded in four or more sections.
The most common species of mosses found growing in WCCSP were observed and recorded from
nine to eleven survey sections. They include: Atrichum angustatum, Entodon seductrix,
Hygroamblystegium tenax, Leucobryum albidum, Plagiomnium cuspidatum, Platygyrium repens,
Steerecleus serrulatus, and Thuidium delicatulum. The most common liverwort occurring at WCCSP
is Frullania eboracensis.
Table 6: Bryophyte species occurring in each survey section section in WCCSP.
Section no. 4
Scientific name
Amblystegium serpens
var. serpens
Amblystegium varium
Aneura pinguis
Anomodon attenuatus
Anomodon minor
Anomodon rostratus
Atrichum altecristatum
Atrichum angustatum
Atrichum oerstedianum
Aulacomnium palustre
Bartramia pomiformis
Brachythecium acuminatum
Brachythecium plumosum
Brachythecium rivulare
Brachythecium salebrosum
Brotherella recurvans
Bryhnia graminicolor
Bryhnia novae-angliae
Bryoandersonia illecebra
Callicladium haldanianum
Calliergon giganteum
Calypogeia muelleriana
Campylium radicale
Ceratodon purpureus
Climacium americanum
Cololejeunea biddlecomiae
Conocephalum conicum
Dicranella heteromalla
Dicranum flagellare
Dicranum montanum

5

6

6
(Devil's
Hole)

7

8

9

10 11 12

x
x

x

x
x

x

x

x
x
x
x
x
x

x

14
15
Total no.
(Middle (Pike
of
Run) Creek) sections
x
2

x

x

x

x
x
x
x
x

x

x

x

x

x
x

x
x

x
x
x
x
x

x
x

x
x

x
x

x
x

x

x
x

x
x
x

Delaware Natural Heritage Program

x
x

x
x
x

x
x
x
x
x
x
x

x
x
x
x
x
x
x
x

x
x

x
x
x
x
x

x
x
x
x
x

x

x
x

x
x

x
x
x

x

x

x

x

x
x
x

x
x
x
x

x

x

x
x
x

x

x
x

x
x
x
x
x
x

x
x

x
x

x
x

2
2
8
1
6
2
10
5
3
1
6
8
8
5
5
4
2
7
6
1
5
2
1
2
1
3
2
5
6
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Section no. 4
Scientific name
Dicranum scoparium
Diphyscium foliosum
Diplophyllum apiculatum
Entodon seductrix
Eurhynchium hians
Fissidens bryoides
Fissidens taxifolius
Forsstroemia trichomitria
Frullania eboracensis
Grimmia pilifera
Haplohymenium triste
Hedwigia ciliata
Helodium paludosum
Hygroamblystegium tenax
Hypnum imponens
Hypnum lindbergii
Hypnum pallescens
Isopterygium tenerum
Jungermannia gracillima
Leptodictyum riparium
Leskea gracilescens
Leskea poycarpa
Leucobryum albidum
Lophocolea heterophylla
Mnium hornum
Orthotrichum ohioense
Orthotrichum stellatum
Pallavicinia lyellii
Pellia epiphylla
Philonotis fontana
Physcomitrium pyriforme
Plagiomnium ciliare
Plagiomnium cuspidatum
Plagiothecium cavifolium
Plagiothecium denticulatum
Platydictya subtilis
Platygyrium repens
Platyhypnidium riparioides
Pohlia nutans
Polytrichum commune
var. commune
Polytrichum ohioense
Porella platyphylla
Pseudotaxiphyllum elegans
Ptychomitrium incurvum
Rauiella scita
Rhizomnium punctatum
Riccia sullivantii
Scapania nemorosa
Scapania undulata
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5

6

6
(Devil's
Hole)

x

x

x

7

x
x
x
x

x

8

9

10 11 12

x

x

x

x

x x
x

x
x

x
x

x

x

x

x
x
x
x
x
x
x

x
x

x
x
x
x
x

x
x
x

x

x

x
x
x
x
x
x
x

x

x

x

x
x
x

x

x
x

x

x

14
15
Total no.
(Middle (Pike
of
Run) Creek) sections
x
6
2
1
x
x
9
x
1
x
3
x
3
1
x
x
10
5
x
3
x
6
x
5
x
x
10
x
x
7
x
2
2
x
5
1
x
x
6
x
6
x
1
x
x
9
x
x
7
x
x
5
3
1
2
2
2
x
2
x
7
x
x
10
x
x
4
2
x
x
6
x
10
1
1
x
7

x
x
x

x
x

x

x
x
x

x

x

x

x

x
x

x
x
x
x
x

x
x

x

x

x
x
x

x
x
x

x

x

x

x
x

x

x

x

x
x
x
x
x
x

x

x
x
x
x
x

x
x

x

x

x
x

x

x
x

x
x
x

x

x
x

x
x

x

x
x
x

x
x

x

x
x

x

x

x

x
x

x
x
x

x

x
x

x
x
x

x
x
x
x

x
x

x

x

x

x

x
x

4
2
6
1
1
5
1
1
1
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Section no. 4
Scientific name
Schwetschkeopsis fabronia
Sematophyllum adnatum
Sphagnum compactum
Sphagnum palustre
Steerecleus serrulatus
Thelia hirtella
Thuidium delicatulum
Ulota crispa
Ulota hutchinsiae
Total no. of taxa

5

6

6
(Devil's
Hole)

7

8

9

x
x

10 11 12

x
x
x

x
x

x

x

x

x

x
x

x
x
x

x
x

x
x
x

x
x
x

x
x
x
x

x
15 16

8

16

48 47 26 32 41 32

14
15
Total no.
(Middle (Pike
of
Run) Creek) sections
x
3
x
3
1
1
x
x
11
x
x
6
x
x
10
1
1
37

38

DISCUSSION
As stated above in the Vascular Plant Discussion, it is difficult to make comparisons among the three
watersheds of WCCSP (White Clay Creek, Middle Run, Pike Creek) because of the smaller area
sampled in the two latter watersheds. Though only a small percentage of the Middle Run and Pike
Creek watersheds was sampled, their respective survey sections did reveal a high number of bryophyte
species: Middle Run (section 14; Fig. 5) with 37 taxa and Pike Creek (section 15; Fig. 5) with 38 taxa.
The high species diversity in both sections are due to the mature woodlands, moderate to steep-sided
ravines and valleys, rocky streams, and seepage wetlands found there. Of the total number of
bryophyte taxa (88) of WCCSP, only three species are not found within the White Clay Creek
watershed (Leskea polycarpa and the liverwort Scapania undulata are found in the Middle Run
watershed, and Eurhynchium hians is found in the Pike Creek watershed). Much more of White Clay
Creek watershed falls within the boundaries of WCCSP, thus more habitat in this watershed was
surveyed for bryophytes, including rock outcrops, mature woodlands, moderate to steep-sided ravines
and valleys, rocky streams, and seepage wetlands.
Ravines and valleys at WCCSP often contain stands of mature trees, bedrock exposures (rock outcrops
and boulders), rocky streams, and moist organic soils. The relatively undisturbed environment within
these ravines and valleys provides ideal conditions needed for bryophytes to flourish. Furthermore, a
variety of substrates on which bryophytes can adhere are found in these areas (e.g., rocks, tree trunks,
stumps, fallen limbs, soil). Figure 5 delineates the ravine and valley areas within survey sections that
contain high species diversity. It is recommended that, within the park, these areas be restricted to foot
traffic only in order to preserve the habitat and bryoflora they contain.
Another interesting site with a high diversity of bryophytes is the unique wetland of Devil’s Hole (Fig.
2; see Natural Community Descriptions above) in survey section 6. This site contains a high number
of taxa for a relatively small area [approximately 0.4 ha (1 acre) in size]. Sixteen species of
bryophytes were recorded from this site, and two species are known only from Devil’s Hole:
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Calliergon giganteum and Sphagnum palustre. Calliergon giganteum is newly documented for
Delaware, and is primarily distributed in the northern latitudes (Crum & Anderson 1981). In the east,
this species was formerly known only as far south as Pennsylvania (Crum & Anderson 1981).
In general, bryophytes that are habitat generalists (i.e., found on a variety of substrates including bark,
rock, and particularly soil) tend to be more common and pervasive due to the widespread availability
of substrates on which they can grow. Habitat specialists, however, tend to be less common,
particularly when the substrates and habitats they require are unique and rare.
Peatmosses (family Sphagnaceae, genus Sphagnum) are very rare in WCCSP, likely due to the lack of
acidic, hydric soils. Only two species were observed and collected: Sphagnum palustre (survey
section 6, Fig. 5), and S. compactum (survey section 10, Fig. 5). Sphagnum palustre was encountered
growing in Devil’s Hole (Fig. 2). It was growing in a small, localized area of the site on decomposing
stumps and hummocks. Sphagnum compactum was found growing on a hummock in a habitat type
similar to Devil’s Hole: “Pleasant Hill marsh” (see Natural Community Descriptions above).
Bryophyte species that are restricted to rock surfaces, or are found primarily on rock surfaces, are rare
to uncommon in Delaware. This is due to the limited amount of bedrock exposures and rocky streams
in the state. In Delaware, bedrock is only exposed at the surface within the Piedmont physiographic
province, which is located in the extreme northern portion of New Castle County. Ten species of
mosses documented from WCCSP grow exclusively on the surface of rocks. Six species grow on dry
boulders of rock outcrops on steep slopes. They include: Bartramia pomiformis, Dicranum
montanum, Dicranum scoparium, Grimmia pilifera, Ptychomitrium incurvum, and Ulota hutchinsiae.
Another species, Hedwigia ciliata occurs primarily on rock exposures in the park, but can occasionally
be found on tree trunks. The remaining four species restricted to rock surfaces occur exclusively on
wet rocks within flowing streams (usually in streams flowing through ravine bottoms). They are:
Brachythecium plumosum, Fissidens bryoides, Platyhypnidium riparioides, and Rhizomnium
punctatum. Another species, Hygroamblystegium tenax, frequently occurs on rocks in streams in the
park, but can also be found on decomposing logs and stumps in seepage areas. Only one species of
leafy liverwort found at WCCSP is restricted to rock surfaces: Scapania undulata. This species was
found growing at a single location: on rocks in a stream in survey section 14 (Fig. 5).
Thirteen species of bryophytes (11 mosses and two liverworts) at WCCSP are arboreal in nature,
growing only on the bark of trees (trunks, limbs, and bases). They include: Forsstroemia
trichomitria, Haplohymenium triste, Leskea gracilescens, Leskea polycarpa, Orthotrichum ohioense,
Orthotrichum stellatum, Platydictya subtilis, Platygyrium repens, Sematophyllum adnatum, Thelia
hirtella, and Ulota crispa. Due to their specialized preference for tree bark and their need for minimal
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disturbance, several of these species are likely dependent on mature trees and will likely be considered
rare in the state once more extensive surveys of the bryoflora of Delaware are conducted.
Nine species of mosses at WCCSP are found primarily within seepage wetlands (see Natural
Community Descriptions above; Fig. 4), and are good indicators of this unique wetland type. They
include: Aulacomnium palustre, Brachythecium rivulare, Calliergon giganteum, Climacium
americanum, Helodium paludosum, Hygroamblystegium tenax, Leptodictyum riparium, Philonotis
fontana, and Physcomitrium pyriforme.
The remaining species of bryophytes found at WCCSP are more general in their habitat requirements,
and are usually found growing on a variety of different substrates, such as soils, decomposing logs and
stumps, tree trunks, and rocks.
An interesting phenomenon documented at WCCSP concerns Dicranum scoparium, a species listed
above as being restricted to dry boulders of rock exposures in the park. In a survey of the Great
Cypress Swamp Conservation Area, which is located on the Coastal Plain physiographic province in
Sussex County, this species was found growing on dry soils (Bennett et al. 1999). In Delaware,
current data suggests that D. scoparium may be restricted to rock outcrops in the Piedmont, and to dry
soils on the Coastal Plain. The Piedmont of Delaware, including WCCSP, certainly has an abundance
of dry soils, but it is not clear why this species apparently does not grow on this substrate in the
Piedmont. Occurrences of this species in Delaware warrant closer examination.
Nine species of mosses documented from WCCSP were not listed in the literature (Allen 1990, Karlin
et al. 1991, McAvoy 2000), and are reported here as new records for the state of Delaware. They
include: Anomodon minor, Atrichum altecristatum, Bartramia pomiformis, Brachythecium rivulare,
Brachythecium salebrosum, Bryhnia graminicolor, Calliergon giganteum, Platyhypnidium riparioides,
and Schwetschkeopsis fabronia. As stated above, herbaria studies have not yet been completed for
liverworts, but based on current data, five species of hepatics documented from WCCSP are new for
Delaware. They include: Conocephalum conicum, Cololejeunea biddlecomiae, Porella platyphylla,
Riccia sullivantii, and Scapania undulata.
With regard to the overall diversity of bryophytes (88 species) identified at WCCSP during this
survey, it is interesting to note that only 50 species were recorded by the DNHP during a survey of the
Great Cypress Swamp Conservation Area in 1998. This site is nearly four times as large as WCCSP,
but does not contain the diversity of habitats, particularly the unique habitats that support specialized
bryophyte species, that are found in WCCSP. Considering these sites represent some of the best
natural habitat remaining in the state, it is important to protect the ecological integrity (and restore
where possible) of WCCSP in order to ensure that bryophytes species diversity is preserved.
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Z OOLOGICAL S URVEYS
AVIAN SURVEYS
The White Clay Creek valley, including portions of Delaware, Maryland, and Pennsylvania, is among
the largest protected forested areas on the mid-Atlantic Piedmont (northeastern Maryland, northern
Delaware, southeastern Pennsylvania). Consequently, it is a haven for resident and migratory birds.
The high number of species that have been found within its boundaries (see below) including rarities
such as Bewick's Wren and Yellow-crowned Night-heron (Stickley 1965b; Linehan 1968; Dyer et al.
1973), exemplify the important role this river valley plays in the conservation of these species. On a
May morning, it is not uncommon for four or six species of warblers to be found foraging within a
single tree. Many northern migrants such as Palm Warbler, Blackburnian Warbler, or Gray-cheeked
Thrush use WCCSP as an important refueling station during migratory periods. Neotropical passerine
migration is comparable to the more widely recognized shorebird migration; thousands of migratory
passerines pass through WCCSP each year during spring and autumn migration. Many of these
species have been experiencing widespread population declines (e.g., Sauer & Droege 1992); habitat
loss in migratory corridors, including the mid-Atlantic Piedmont, has been noted as a possible
contributor to this decline.
Several resident Neotropical migrant birds that are experiencing range-wide declines depend on
WCCSP for nesting. Many of these species are locally and regionally uncommon. The protection of
habitat for rare and uncommon bird species, as well as important foraging habitat for migrant
passerines, should be a primary management objective at WCCSP. Despite its relatively large size,
WCCSP is apparently not large enough to support viable populations of all of its area-sensitive
species. The persistence of many forest birds may require the protection, restoration, and expansion of
the valley's forests.
During this inventory, we undertook a comprehensive breeding bird survey of WCCSP (including
JME) in order to determine relative abundance and frequency of forest birds and to identify species
occurrences and areas for protection and restoration. Cursory surveys were also undertaken for forest
migrants during spring and autumn. Additionally, limited grassland bird surveys were also
undertaken. Finally, our surveys were complemented with a literature search to complete a
comprehensive migratory, breeding, and wintering species list for WCCSP; no published historical
data was found for JME.
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METHODS
Forest Bird Surveys:
A 50 m radius point count method (e.g., Ralph et al. 1995) was used to determine relative abundance
and frequency of breeding-season forest birds of WCCSP-JME. Additionally, supplemental surveying
was undertaken during the breeding season within areas not adequately covered by point count
surveys. For migrant or winter resident species, limited supplemental surveying was undertaken (April
through mid-May and August through early November); additional species encountered during these
surveys were added to supplemental data. Supplementary data was also collected from previously
published and unpublished reports. For example, all issues of the Delmarva Ornithologist were
perused for previously published species accounts from WCCSP (sites listed as Carpenter State Park,
White Clay Creek Preserve, White Clay Creek).
Selection of point locations is described above under “Biological Surveys.” Points were visited twice
for ten minutes each within two different weeks from 18 May to 15 June. Surveying began at 0600 hrs
and ended prior to 1000 hrs. All species of birds found within the 50 m radius point count plot were
recorded. Birds observed flying above the canopy and not actively using the plot for foraging, were
recorded as supplemental data but were not included in point count analyses. To determine which
observations were converted to species' registrations for use in point count analyses, the following
criteria were used (these methods follow Heckscher 2000): (1) the highest number of simultaneous
territorial observations (e.g., singing or drumming males) for each species from either of the two visits,
(2) non-territorial observations (e.g., females, calling or silent males) if they represent the only
observation of that species among the two visits for that particular point or indicate that territorial
registrations alone clearly underestimate the potential number of pairs present (e.g., one territorial and
two non-territorial observations equal two registrations), (3) when multiple non-territorial observations
occur they are used in analysis only if the maximum number of simultaneous observations from each
visit indicate the probable presence of multiple territories (or the equivalent for non-territorial species)
within the point count plot (e.g., two non-territorial observations equaled one registration, three nonterritorial observations equaled two registrations), (4) behavioral observations and local speciesspecific safe dates noted in Robbins and Blom (1997) were referenced to assist in determining if birds
were more likely to be northern transients than nesting residents. Species considered to be probable
northern transients were not included in final point count analysis. These methods are adequate for
diurnal species but likely underestimated nocturnal birds.
Relative abundance and frequency were calculated using Microsoft Excel. All species reported in
Table 7 are considered to represent the breeding-season avifauna of WCCSP in 1999. These data are
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supplemented with historical data to provide a more complete understanding of the park's resident
breeding, migratory, and wintering species 1 (Tables 8 and 9).
Grassland Bird Surveys:
We assessed the current status of grassland birds at WCCSP by conducting cursory surveys of large
fields within the park to determine whether grassland birds, including Grasshopper Sparrow, Horned
Lark, and Eastern Meadowlark, were present. We also examined historical presence of these species
at WCCSP and management practices implemented prior to their disappearance. This information is
useful for developing recommendations on how to attempt restoration of grassland habitats at this site.
Specifically, a survey of grassland birds was conducted in large, open fields of WCCSP on 23 June
1999. To conduct a survey, the observer walked the perimeter of selected fields for 15-30 min while
scanning for grassland birds and listening for their calls. Six fields were selected for surveys (Fig. 3).
The largest field surveyed was 17 ha (42 acres); the remaining fields surveyed were at least half as
large or smaller.

RESULTS
One hundred twenty-two (122) species of birds were encountered during this survey (Appendix 5).
Eighty-eight (88) species are considered to comprise the breeding-season avifauna including 46
species that were found only during supplemental surveys (Table 7). Sixty-six percent (66%) of the
total number of species found were only encountered at WCCSP (i.e., not including JME). The high
number of forest-dependent bird species (approximately 13) found only during supplemental surveys
suggests abundance and distribution data presented in Table 7 should be regarded as preliminary.
Long-term studies combined with a greater number of points are needed to more definitively
determine spatial distribution and abundance of forest-dependent species within WCCSP. Literature
review revealed another 58 species (Table 8 and 9) that have been reported from WCCSP for a
minimum of 180 species of birds reported from within WCCSP.
Table 7: Breeding-season avifauna of WCCSP, New Castle Co., Delaware during 1999. Results
of point counts at WCCSP-JME are presented, as are species only found during
supplemental surveys.
Species
Red-eyed Vireo
Northern Cardinal
Ovenbird
Wood Thrush
Acadian Flycatcher
Gray Catbird
Carolina Chickadee
Blue-gray Gnatcatcher
Red-bellied Woodpecker
1

Relative Abundance
0.124
0.102
0.086
0.074
0.058
0.055
0.052
0.047
0.042

Relative Frequency
90.20%
92.16%
62.75%
80.39%
62.75%
58.82%
54.90%
54.90%
50.98%

Status of breeding, migratory or wintering species, is reflected in state ranks presented in Appendix 5.
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Species
Tufted Titmouse
Blue Jay
Carolina Wren
Veery
Scarlet Tanager
Eastern Towhee
Eastern Wood-Pewee
White-eyed Vireo
Downy Woodpecker
White-breasted Nuthatch
Brown-headed Cowbird
American Crow
American Redstart
Common Grackle
Common Yellowthroat
American Goldfinch
Indigo Bunting
Lousiana Waterthrush
Mourning Dove
Northern Oriole
American Robin
Ruby-throated Hummingbird
Cedar Waxwing
Kentucky Warbler
Great Crested Flycatcher
Northern Flicker
Black-and-white Warbler
Blue-winged Warbler
Eastern Phoebe
European Starling
Hairy Woodpecker
Song Sparrow
Birds found only during
supplemental surveys:
Great Blue Heron
Green Heron
Canada Goose
Wood Duck
Mallard
Black Vulture
Turkey Vulture
Osprey
Cooper's Hawk
Red-shouldered Hawk
Red-tailed Hawk
Wild Turkey
Killdeer
American Woodcock
Rock Dove
Yellow-billed Cuckoo
Eastern Screech Owl
Barred Owl
Great Horned Owl
Chimney Swift
Belted Kingfisher
Pileated Woodpecker
Willow Flycatcher

Relative Abundance
0.032
0.031
0.031
0.027
0.024
0.019
0.016
0.016
0.015
0.015
0.013
0.011
0.011
0.010
0.010
0.008
0.008
0.008
0.008
0.008
0.006
0.006
0.005
0.005
0.003
0.003
0.002
0.002
0.002
0.002
0.002
0.002

Relative Frequency
37.25%
37.25%
33.33%
33.33%
29.41%
23.53%
17.65%
19.61%
17.65%
17.65%
15.69%
11.76%
13.73%
11.76%
9.80%
9.80%
9.80%
9.80%
9.80%
7.84%
7.84%
7.84%
3.92%
5.88%
3.92%
3.92%
1.96%
1.96%
1.96%
1.96%
1.96%
1.96%

Eastern Kingbird
Tree Swallow
Northern Rough-winged Swallow
Barn Swallow
Fish Crow
House Wren
Eastern Bluebird
Northern Mockingbird
Brown Thrasher
Warbling Vireo
Northern Parula
Yellow Warbler
Yellow-throated Warbler
Pine Warbler
Priarie Warbler
Cerulean Warbler
Hooded Warbler
Chipping Sparrow
Field Sparrow
Red-winged Blackbird
Orchard Oriole
House Finch
House Sparrow

From point count data, the Red-eyed Vireo and Northern Cardinal were the most abundant and
frequently encountered forest birds, respectively. Five of the eight most abundant and frequently
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encountered species were Neotropical migrants; four are commonly thought of as forest-interior
dependent species. Eleven (11) species of high conservation concern in Delaware (Heckscher 1999a)
were encountered during the nesting season (Table 7): Great Blue Heron, Black Vulture, Cooper's
Hawk, Red-shouldered Hawk, Barred Owl, Veery, American Redstart, Northern Parula, Yellowthroated Warbler, Cerulean Warbler, and Hooded Warbler. Of these, all but the Great Blue Heron are
thought to regularly breed within the boundaries of WCCSP. Three of these species were also found
in JME and are considered potential JME breeders: Red-shouldered Hawk, American Redstart, and
Hooded Warbler. Four other rare bird species have been reported breeding here in previous years:
Broad-winged Hawk, Brown Creeper, Least Flycatcher, and Chestnut-sided Warbler (Table 8). Four
warbler species known to breed within WCCSP are extremely rare elsewhere in Delaware (e.g.,
Heckscher 1999a, Hess et al. 1999): Cerulean Warbler, American Redstart, Northern Parula, and
Hooded Warbler. From point counts, the mean number of species per point was ten and ranged from
five (point 28) to 16 (point 16).
Table 8: Avian species not found during the 1999 nesting season, but for which positive evidence of reproductive activity
was previously found within WCCSP (based on previously published data).
Species
Broad-winged Hawk
Ring-necked Pheasant
Northern Bobwhite
Least Flycatcher
Brown Creeper
Chestnut-sided Warbler
Blue Grosbeak1
Grasshopper Sparrow

Year
Multiple years
1977
1968, 1977
Multiple years
1996
1984
1979
Multiple years

Reference
(Dyer et al. 1973; Sample 1991)
(Speck & Brokaw 1979)
(Evans & O'Rourke 1969; Speck & Brokaw 1979)
(Cutler 1969; Barnhill 1977; Speck & Brokaw 1979)
(Ednie 1997)
(e.g., Niles 1986a)
(Barnhill 1980)
(e.g., Sample 1994)

1

Although found during DNHP surveys, this species was not found during breeding periods in 1999.

Grassland birds were not found during surveys in 1999 despite efforts to search one field that recently
maintained at least three territorial Grasshopper Sparrows (i.e., Field 6; Fig. 2). Other fields surveyed
were not known to have grassland birds, but these additional fields appeared to have suitable habitat
(i.e., wide open areas dominated by grasses). Several species previously found within WCCSP were
not encountered during 1999 (Table 9). A cumulative list of all bird species found within WCCSP
during this survey, with associated state ranks, is presented in Appendix 5.
Table 9: Species previously reported at WCCSP, but not found by DNHP staff in 1999 (excluding species reported in Table 8).
Species
Common Loon
Pied-billed Grebe
Double-crested Cormorant
Cattle Egret
Black-crowned Night Heron
Yellow-crowned Night Heron
Tundra Swan
Common Merganser
Sharp-shinned Hawk
Northern Goshawk
Golden Eagle
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Gavia immer
Podilymbus podiceps
Phalacrocorax auritus
Bubulcus ibis
Nycticorax nycticorax
Nyctanassa violacea
Cygnus columbianus
Mergus merganser
Accipiter striatus
Accipiter gentilis
Aquila chrysaetos

Reference
(e.g., Ednie 1989)
(Dyer et al. 1973)
(Speck & Brokaw 1979)
(Dyer et al. 1973)
(Speck & Brokaw 1979)
(Linehan 1968; Dyer et al. 1973)
(Dyer et al. 1973)
(Speck & Brokaw 1979)
(e.g., Barnhill 1976)
(Barnhill 1983)
(Barnhill 1983)
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Species
American Kestrel
Merlin
Peregrine Falcon
American Coot
Spotted Sandpiper
Common Snipe
Virginia Rail
Ring-billed Gull
Herring Gull
Black-billed Cuckoo
Common Nighthawk
Red-headed Woodpecker
Yellow-bellied Sapsucker
Olive-sided Flycatcher
Yellow-bellied Flycatcher
Alder Flycatcher
Purple Martin
Bank Swallow
Cliff Swallow
Black-capped Chickadee
Bewick's Wren
Marsh Wren
Philadelphia Vireo
Golden-winged Warbler
Nashville Warbler
Cape May Warbler
Hermit Warbler
Prothonotary Warbler
Connecticut Warbler
Mourning Warbler
Yellow-breasted Chat
Summer Tanager
Dickcissel
American Tree Sparrow
Savannah Sparrow
Grasshopper Sparrow
Fox Sparrow
White-crowned Sparrow
Bobolink
Eastern Meadowlark
Rusty Blackbird
Purple Finch
Pine Siskin
Evening Grosbeak
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Falco sparverius
Falco columbarius
Falco peregrinus
Fulica americana
Actitis macularia
Gallinago gallinago
Rallus limicola
Larus delawarensis
Larus argentatus
Coccyzus erythropthalmus
Chordeiles minor
Melanerpes erythrocephalus
Sphyrapicus varius
Contopus cooperi
Empidonax flaviventris
Empidonax alnorum
Progne subis
Riparia riparia
Petrochelidon pyrrhonota
Poecile atricapillus
Thryomanes bewickii
Cistothorus palustris
Vireo philadelphicus
Vermivora chrysoptera
Vermivora ruficapilla
Dendroica tigrina
Dendroica occidentalis
Protonotaria citrea
Oporornis agilis
Oporornis philadelphia
Icteria virens
Piranga rubra
Spiza americana
Spizella arborea
Passerculus sandwichensis
Ammodramus savannarum
Passerella iliaca
Zonotrichia leucophrys
Dolichonyx oryzivorus
Sturnella magna
Euphagus carolinus
Carpodacus purpureus
Carduelis pinus
Coccothraustes vespertinus

Reference
(Speck & Brokaw 1979)
(Speck & Brokaw 1979)
(Ednie 1985; Hess 1984)
(Hess 1996)
(Speck & Brokaw 1979)
(Speck & Brokaw 1979)
(Speck & Brokaw 1979)
(Speck & Brokaw 1979)
(Speck & Brokaw 1979)
(e.g., Barnhill 1977a)
(Speck & Brokaw 1979)
(Barnhill 1976; Speck & Brokaw 1979)
(e.g., Stickley 1965a, Ednie 1988a)
(e.g., Barnhill 1977a)
(Speck & Brokaw 1979)
(e.g., Barnhill 1980)
(Speck & Brokaw 1979)
(Evans & O’Rourke 1969)
(Hess 1985)
(e.g., Roberts & Wayne 1974)
(Stickley 1965b)
(Speck & Brokaw 1979)
(Roberts & Wayne 1974; Speck & Brokaw 1979)
(Speck & Brokaw 1979; Hess 1992)
(e.g., Ednie 1988b)
(e.g., Barnhill 1985)
(Barnhill 1983)
(Speck & Brokaw 1979)
(Speck & Brokaw 1979)
(Speck & Brokaw 1979; Barnhill 1987)
(e.g., Barnhill 1977a)
(Barnhill 1980)
(e.g., Barnhill 1977b)
(Speck & Brokaw 1979)
(Speck & Brokaw 1979)
(Speck & Brokaw 1979; Barnhill 1985)
(e.g., Barnhill 1977a)
(Barnhill 1977a; Speck & Brokaw 1979)
(e.g., Roberts & Wayne 1974)
(Speck & Brokaw 1979)
(Linehan 1966)
(e.g., Barnhill 1987)
(Speck & Brokaw 1979)
(Speck & Brokaw 1979)

Forty-two (42) nests were found during this survey (Table 10). Thirteen (13) Veery nests were found
during a separate concurrent study and are reported here. Including the 13 Veery nests, 40% of nests
presented in Table 10 were placed in non-native plant species.
Table 10: Nests found at WCCSP in New Castle Co., Delaware in 1999 by DNHP staff.
Species
Great Horned Owl
Red-bellied Woodpecker
Downy Woodpecker
Northern Flicker
Pileated Woodpecker
Acadian Flycatcher
Northern Rough-winged Swallow
Carolina Chickadee
Tufted Titmouse

Nest stage
One nestling
>1 nestling
>1 nestling
Adult incubating
Adults into cavity
>1 nestling
Adult incubating
Adult incubating2
Adults nest building
Adult feeding nestl.
Adult feeding nestl.
Adults incubating
Adults feeding nestl.
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Nest substrate
Nest in tree fork
Snag
Platanus occidentalis
A. saccharinum
Platanus occidentalis snag
L. tulipifera snag
Ulmus sp.
Ulmus sp.
Under bank
Fallen dead branch
Dead branch
L. tulipifera
Snag

Date found
April 22
June 2
June 23
May 21
May 27
May 27
June 2
June 11
May 6
May 13
May 21
May 20
June 15

Observer1
EFZ
CMH
EFZ
EFZ
CMH
CMH
EFZ
EFZ
CMH
CMH
EFZ
EFZ
EFZ
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Blue-gray Gnatcatcher
Veery (13 nests)
Wood Thrush

White Clay Creek State Park

Adults nest building
Various stages
Adult incubating
Adult feeding nestl.
Adult nest building
Adult brooding
Gray Catbird
Adult feeding nestl.
American Robin
Adult incubating
Red-eyed Vireo
Adult nest building
Black-and-White Warbler
Adult feeding one nestl.
and one BHCO nestl.3
American Redstart
Adult feeding nestl.
Louisiana Waterthrush
Adult feeding nestl.
Adult feeding fledg.
Northern Cardinal
Adult feeding nestl.
Eastern Towhee
Adult incubating
Northern Oriole
Adult feeding fledgl.
Red-winged Blackbird
Adult feeding nestl.
1
CMH = Christopher M. Heckscher; EFZ = Eric F. Zuelke
2
Found at JME.
3
Nest parasitised no host young fledged.

A. negundo
R. multiflora (12) and Christmas fern (1)
Unidentified shrub
L. vulgare
L. japonica
Unidentified shrub
R. multiflora
Vitis sp.
Cornus sp.
In Hedera helix on ground

May 20
May - June
May 26
May 27
June 2
June 2
June 12
May 18
June 16
June 5

EFZ
CMH
CMH
CMH
CMH
CMH
EFZ
EFZ
CMH
CMH

L. japonica
On bank under fern fronds
No nest found
R. multiflora
Celastrus orbiculata
Platanus occidentalis
Typha sp.

June 17
May 20
May 27
May 27
July 23
May 20
May 21

CMH
CMH
CMH
CMH
CMH
EFZ
EFZ

DISCUSSION
Forest Birds
Delaware has lost approximately 70% of its original forest cover (Brooks & Digiovanni 1989). Most
remaining tracts of forest are of low ecological quality. Second-growth forests in Delaware are
typified by low plant species diversity and an altered species assemblage due to the presence of nonnative plant species (Heckscher 2000). Not surprisingly, 41% of Delaware's bird species of
conservation concern (Heckscher 1999a) are forest-dependent, more than any other habitat type.
As noted above, in 1999 11 species that are listed as high conservation concern in Delaware were
found inhabiting WCCSP-JME. In contrast, 12 species of high conservation concern were recently
found in the state's largest area of forest, the Great Cypress Swamp (Heckscher 2000), which is nearly
four times the size of WCCSP. These data confirm that WCCSP is a site of high conservation concern
for forest-associated species in Delaware. These species' populations should be a priority for
protection and restoration within WCCSP.
The value of large areas of contiguous forest has been repeatedly emphasized throughout the recent
literature regarding the ecology of forest-dependent Neotropical bird species. For example, Robbins et
al. (1989) found that, in this region, the probability of occurrence of Neotropical species increases as
forest area increases. Additionally, in the Robbins et al. (1989) study, several birds were found only in
large forests and these species are considered the most area-sensitive. Two of these species nest in
WCCSP: Black-and-white Warbler and Cerulean Warbler. Additionally, Robbins (1979) estimated
the minimum forested area to maintain a viable population of Ovenbirds at 2,750 ha (6,792 acres), an
area much larger than WCCSP. WCCSP in its current condition is an important refuge for forest
species, yet it is unknown how many area-sensitive species occurring within WCCSP maintain viable
populations (i.e., long-term persistence not dependent upon emigration). Furthermore, 328 ha (810
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acres), or 25%, of WCCSP remain unforested (i.e., pastures, hayfields, grass, old fields, hedgerows,
and thickets). Reforestation of unnecessary open areas within WCCSP should be a high priority in
order to protect and restore forest bird species' populations within this important natural area.
Grassland Birds
Grassland birds are experiencing more consistent widespread rates of decline than any other guild of
native birds in North America (Sauer et al. 1995). Today, few land management practices maintain
grassland habitats and thus many species of grassland birds are in decline (Askins 1993; Sauer et al.
1995; Caccamise et al. 1996; Jones & Vickery 1997). Grassland species that were once reported from
the western part of New Castle County have not been seen in many years (e.g., Eastern Meadowlark,
Horned Lark; D. Miller, personal communication). More recently, Grasshopper Sparrows have
disappeared from a field south of Wedgewood Road that once hosted as many as 6-10 pairs (D. Miller,
personal communication).
Noteworthy Species-Specific Results
The following are noteworthy species with associated state ranks and general habitat requirements.
Boldface numbers refer to symbols in Figure 7 and represent general locations of field observations.
• American Bittern, Great Blue Heron, Great Egret, Snowy Egret, Little Blue Heron [all ranked

S1B]
These species were observed using WCCSP as a feeding site during migration or during breeding
periods. No evidence of breeding occurrences were discovered within the park in 1999. American
Bittern - (1) 25 May; Great Blue Heron, Great Egret, Snowy Egret - multiple observations but
concentrated at (2); Little Blue Heron - (2) 25 May.
• Cooper's Hawk [S1]

During this survey, a Cooper's Hawk territory was found within the boundaries of WCCSP (3).
Although no nest was found, an adult was observed emitting territorial calls in April and carrying
food on 7 July. This is a rare forest-dependent bird in Delaware and should be a high priority for
protection at WCCSP. Expansive tracts of contiguous forest are the preferred habitat of this elusive
forest accipiter.
• Red-shouldered Hawk [S2B]

This species was observed exhibiting territorial behavior at WCCSP (including JME) (4). The Redshouldered Hawk prefers mature floodplain or lowland forest. In WCCSP, it should typically be
found nesting along the floodplains of either White Clay or a moderate-sized tributary (Pike Creek).
Although a Red-shouldered Hawk nest site was not located in 1999, this species uses WCCSP-JME
as a foraging site and may regularly nest here (e.g., Niles 1980, Barnhill 1990).
• Yellow-billed Cuckoo [S4B]

Although common elsewhere in the state, only one Yellow-billed Cuckoo territory was found by
DNHP staff at WCCSP-JME during this survey (5). The Yellow-billed Cuckoo prefers open
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deciduous woodland with dense understory and may be somewhat erratic with populations
becoming quite dense in response to insect outbreaks (Ehrlich et al. 1988).
• Barred Owl [S2B]

Barred Owls were repeatedly located within WCCSP (6). The species was widely distributed
suggesting the presence of more than a single pair. This species has been a known resident of
WCCSP for many years (e.g., Speck & Brokaw 1979). The Barred Owl is characteristic of mature
mesic / palustrine forest. It is often used as an indicator species of mature high quality forests and
avoids areas with intense human activity (e.g., Bosakowski et al. 1987). This species should be a
priority for monitoring and protection in WCCSP.
• Pileated Woodpecker [S3B]

This species is also used as an indicator of mature forest. The Pileated Woodpecker was apparently
first confirmed nesting at WCCSP in 1979 (Niles 1980) despite the claim of the first nest found in
1983 (Niles 1985). During this survey, one nest was located (7) (Table 3). However, collectively,
several pairs likely occupy the WCCSP-JME area. The perpetuation of this species within WCCSP
will depend on the preservation of large areas of mature forest including the presence of large
snags.
• Willow Flycatcher [S3B]

This species is uncommon in Delaware. The first Willow Flycatcher nest record from Delaware
was recorded in WCCSP in 1972 (Dyer et al. 1973). The species has been a sporadic and
uncommon breeder since. During this survey, only one site was found to maintain territorial bird(s)
(8). This is an area of brushy fields composed largely of non-native and invasive plant species.
• Least Flycatcher [SHB]

This species has historically bred in WCCSP but has apparently disappeared. During this survey, it
was only found during migratory periods. Speck and Brokaw (1979) report this species as a
summer resident as recently as 1977. The occurrence of the Least Flycatcher (as a breeding bird) in
WCCSP may have coincided with the temporary presence of an abundance of optimal habitat (early
successional forest) within the park.
• Horned Lark [S5B]

Horned Lark once apparently nested in the WCCSP area (D. Miller, personal communication);
however, no Horned Larks were found during this survey and according to breeding bird atlas data,
Horned Larks are not known to breed in the Piedmont region of the state (Hess et al. 1999). This
species requires sparsely vegetated, wide open areas of short-grass that are interspersed with bare
soil for feeding (Beason 1995; Sauer et al. 1995). It is not likely that the habitat requirements for
Horned Larks can be easily met within WCCSP, but if substantial efforts are undertaken to restore
grassland habitat for Grasshopper Sparrow and Eastern Meadowlark, Horned Lark may return to
WCCSP and attempt nesting in some years.
• Winter Wren [SZN]

This species is a fairly common winter resident. However, two were observed foraging together on
May 5th (9). This is an exceptionally late date for this species at WCCSP.
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• Veery [S2B]

The Veery has become locally abundant in many Piedmont areas. This is a forest-interior
dependent thrush requiring large areas of contiguous forest. In WCCSP, this thrush is abundant
(Table 7) and widely distributed throughout most portions of the park. Restoration incorporating
protection, restoration, and expansion of WCCSP's forests, will benefit this species. In an unrelated
study, 13 Veery nests were found in WCCSP in 1999 (Table 10).
• Blue-winged Warbler [S2B]

This species tends to occupy areas of dense shrubs in canopy gaps. Within WCCSP, territorial
Blue-winged Warblers were sporadically distributed throughout the park, usually at higher
elevations. Although no direct evidence of nesting was found during this survey, this species has
shown positive reproductive success in WCCSP (e.g., Niles 1985).
• Northern Parula [S1B]

This species is fairly common at WCCSP but rare elsewhere in Delaware. It has nearly disappeared
from the Delaware Coastal Plain in recent years (e.g., Heckscher 2000). Consequently, this is a
species of high conservation concern. In WCCSP, it is sporadically distributed and is usually found
along floodplain forests (10). Surprisingly, it was not encountered during point count surveys,
primarily because of its restricted distribution.
• Yellow-throated Warbler [S2B]

During this survey, one territorial Yellow-throated Warbler was observed occupying a floodplain
forest and associated upland slopes on 3 and 12 June (11). No direct evidence of breeding was
observed; however, this species has previously bred in WCCSP (Niles 1986b). This species is
uncommon throughout most of Delaware especially in New Castle and northern Kent Counties.
• Pine Warbler [S5B]

A territorial Pine Warbler was observed throughout the nesting season occupying an area of planted
Virginia pine (Pinus virginiana ) (12). The Pine Warbler is uncommon on the Piedmont and is
found in much greater numbers in Kent and Sussex Counties. This species may have become more
common northward in response to the establishment of unnatural pine stands; however, prior to
European settlement it likely was sporadically distributed among Virginia pine stands on the midAtlantic Piedmont. We were able to locate only one previous breeding-season record of the Pine
Warbler at WCCSP (Sample 1991).
• Cerulean Warbler [S1B]

The Cerulean Warbler has been a symbol for rare forest birds in WCCSP. In fact, this species is
rare or uncommon throughout most of its geographical range and has formerly been considered a
candidate for listing on the Federal Endangered Species List. WCCSP is the only reliable nesting
site for this species in Delaware. The Cerulean Warbler has shown population fluctuations for
many years. Annual estimates of territories for this species at WCCSP have ranged from one or
two to ten over the last 20 years (D. Miller, personal communication; Niles 1986b). This should be
the highest priority animal species for protection / restoration within the park. Perpetuity of the
Cerulean Warbler will depend on the protection and expansion of closed-canopy mature floodplain
forest with associated forest buffers (Patton 1996). In 1999, territorial ceruleans were observed at
five locations (13); however, some territories may represent birds that relocated during this survey
period.
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• Black-and-white Warbler [S3B]

The Black-and-white Warbler is an uncommon resident at WCCSP. Dorothy Miller (personal
communication) notes this species may be present in some years and rare or absent in others. This
indicates that WCCSP probably does not support a viable population and that the park represents a
population sink (Pulliam 1988) for this species (a site in which recruitment does not exceed
mortality and emigration; resident breeders are dependent on emigration from peripheral
populations). Three Black-and-white Warbler territories were located in 1999 (14). One nest was
found (Table 3); however, it did not produce any warbler young. This species is uncommon
throughout Delaware (Heckscher 1999a; Hess et al. 1999). It prefers dense deciduous forests and is
considered extremely area-sensitive. Restoration incorporating widespread protection, restoration,
and expansion of WCCSP-JME's forests will benefit this species.
• American Redstart [S1B]

The American Redstart is primarily associated with dense, mature and second-growth forests. Its
distribution in WCCSP is similar with that of the Northern Parula (10). It tends to occupy
floodplain areas which at this time tend to be occupied by non-native / invasive plant species (C.
Heckscher, personal observation). The American Redstart's population stronghold in Delaware is
WCCSP making this species a high priority for protection here. Mature and second-growth
floodplain forest with dense understory and mid-story is important habitat to protect for this species
at WCCSP (e.g., Sallabanks 1993). Redstarts were found at both WCCSP and JME (15).
• Hooded Warbler [S1B]

Traditionally, at least one territorial Hooded Warbler has been present at WCCSP. In 1999, this
area-sensitive species was relocated during the breeding period at WCCSP. One was at the
traditional location (16) and another occupied a territory south of this site (17). Additionally, male
Hooded Warblers were found singing during the breeding season at two temporary sites (18)
presumably representing unsettled male(s). A territorial male was also found during the breeding
season at JME (19) and may have attempted breeding there. The Hooded Warbler is a species of
high conservation concern in Delaware and should be a high priority for protection at WCCSP.
Establishment of forest buffers and the protection of a contiguous heterogeneous forest made up of
a matrix of second-growth and mature forests, should benefit this species (e.g., Heckscher 1999b).
• Grasshopper Sparrow [S3B]

Grasshopper Sparrows tend to be found in dry upland fields composed of native bunch grasses of
intermediate height and interspersed with patches of bare ground, scattered forbs and sparse woody
vegetation that is short in stature (Massachusetts Audubon Society 1998; Dechant et al. 1999). This
species was reported from WCCSP at least as far back as the 1970s (Dyer et al. 1973; Speck &
Brokaw 1979), and was last observed at WCCSP in Field 6 (Fig. 2) “a few years ago” (exact date
was not provided) according to D. Miller (personal communication). Several years ago, this field
regularly contained as many as 6-10 pairs of Grasshopper Sparrows, but a decline in their numbers
apparently occurred following an alteration in the mowing regime (i.e., mowing changed from fall
to spring). It is unclear whether this change in mowing regime caused the decline of this species.
Our survey did not reveal any Grasshopper Sparrows within WCCSP. Field 6 (Fig. 3), and other
fields large enough to support breeding pairs [i.e., minimum of 8 ha (20 acres)], may provide
suitable habitat for nesting Grasshopper Sparrow if active restoration, management and monitoring
of these fields is implemented.
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• Eastern Meadowlark [S3B]

This species was noted as a breeding bird in the White Clay Creek area as early as the 1970s (Dyer
et al. 1973), and only a few were observed during the breeding season in the late 1970s. This
species has not been reported as breeding in western New Castle County for many years (D. Miller,
personal communication) and none were found during this survey. The meadowlark’s requirements
are similar to the Grasshopper Sparrow and management actions aimed at improving habitat for this
species may also attract meadowlarks.
General Discussion - Birds
The high number of bird species found nesting within non-native plant species (Table 10) is an
indicator of the potential importance of these plant species to the persistence of some species. Nonnative plants may also provide foraging opportunities not supplied by native flora. Additionally, dense
alien plant species may protect and conceal nests from predation. Whelan and Dilger (1991) caution
that quick and total elimination of non-native plant species might lead to local extirpation of birds
using these plants. A drastic but plausible scenario might be the extirpation of the American Redstart
from Delaware due to non-native plant species removal at WCCSP-JME. As a minimum precaution,
prior to non-native plant species removal, concentrations of species of conservation concern should be
identified and subsequently avoided. Sites where non-native species are removed should be
simultaneously restored with dense native shrubs similar in structure to the removed non-natives.
Clearly, the exact benefit of non-native plant species to birds of conservation concern is unknown and
should be investigated prior to habitat alteration projects.
Ten species previously found nesting at WCCSP were not encountered in 1999 (Table 8). Many of
these species have not been observed during the nesting season in WCCSP in many years. Species
such as Least Flycatcher and Chestnut-sided Warbler are "edge-of-range" species and can only be
expected to nest within WCCSP on a very sporadic basis. Their occurrences may indeed be influenced
by habitat conditions not currently met by the natural areas of WCCSP. However, there are several
other changes that have been apparent that are worth noting. Dorothy Miller (personal
communication) has documented an apparent disappearance of the Grasshopper Sparrow at WCCSP.
Miller notes that in good years as many as ten territories could be found in the Hill Top Field north of
Wedgewood Road (Field 6; Fig. 2). Additionally, Eastern Meadowlark was once a regular breeder at
WCCSP and now seems extirpated (D. Miller, personal communication). Miller also notes that
Horned Lark has not been seen in the area for decades. Finally, Miller notes that prior to the habitat
alteration in associated with the Delaware Department of Transportation's maintenance of the Hopkin's
Road Bridge as many as ten territories of Cerulean Warbler were common here.
If protection and restoration of the park's avifauna is considered a high priority, management and
restoration action will be needed immediately. The species of highest conservation concern at
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WCCSP, in order of importance, are: Cerulean Warbler, Hooded Warbler, Northern Parula, American
Redstart, Cooper's Hawk, Broad-winged Hawk, Brown Creeper, Red-shouldered Hawk, Barred Owl,
Yellow-throated Warbler, Veery, and Grasshopper Sparrow. Perpetuation of these species at WCCSP
will likely require active protection and restoration efforts such as: (1) maintaining large contiguous,
heterogeneous, tracts of closed-canopy mature and second-growth forest including wooded slopes,
valleys, and floodplains, (2) reforestation of unnecessary open fields (i.e., fields that do not have the
potential for maintaining grassland birds) especially areas adjacent to and within concentrations of the
aforementioned species (see Fig. 10 for specific sites), (3) acquisition of contiguous and adjacent
unprotected forest fragments, (4) protection and restoration of fields that are suitable for grassland
birds to promote recolonization by Grasshopper Sparrow, Eastern Meadowlark, and Horned Lark (see
Fig. 10 for specific sites), (5) site-specific identification of concentrations of species of conservation
concern prior to non-native plant species removal, (6) removal of non-native plant species during nonbreeding periods (August through March) when possible. A summary of specific recommendations
can be found in Chapter 6.

HERPETILE SURVEYS
White Clay Creek State Park has a rich and diversified herpetile (reptile and amphibian) assemblage
worthy of extensive conservation measures. Several rare and uncommon species, including the
federally listed (threatened) Bog Turtle (Clemmys muhlenbergii), have been found within the Delaware
portion of the White Clay Creek valley. Over the last 15 years, Jim White (Hyla Associates), has been
conducting periodic surveys in WCCSP. During 1999, additional fieldwork was conducted by J.
White under contract with DNHP. Unless otherwise noted, the following references to the herpetile
fauna of WCCSP includes comprehensive findings from 1984 to the present. The field survey
methods, results, and management recommendations are described below. Most of the information
presented below was taken from an original report by Hyla Associates (White 1999) submitted to
DNHP after the 1999 field season, and from Metcalf and Eddy (1996).

METHODS
From 1984 to 1998 the park was perused for reptiles and amphibians. Intensive surveys devoted
entirely to reptile and amphibian inventory were undertaken in relevant habitats throughout the park
during the spring and summer of 1999. The surveys were conducted on foot, aided by the use of
binoculars. Areas that are traditionally favored by amphibians and reptiles were given special
attention (e.g., under logs and debris left by humans and in moist or wetland areas). Species were
identified by visual observation and sound (i.e., frog calls). All major habitats within the study area
were surveyed. General habitat descriptions were recorded and all species observed were noted.
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Additionally, supplemental information from other published sources and personal correspondence
were referenced or are included in this report.

RESULTS & DISCUSSION
Seven general habitat types were identified for herpetile surveys within the WCCSP: (1) woodlands,
(2) ponds, (3) rivers / large streams, (3) small streams, (4) springs-seeps, (5) freshwater marshes, and
(6) vernal pools. The nine habitats and the amphibian and reptile species that were found in each are
discussed below in more detail under Habitat-Specific Results. Results for species of conservation
concern are also discussed in more detail below under Noteworthy Species-Specific Results. All
species found during this period are presented in Table 11. Species expected in WCCSP (based on
occurrence of species in nearby ecologically similar natural areas) but not found, are presented at the
bottom of Table 11. Boldface numbers and text in brackets following habitat types refer to general
landscape features and specific sites depicted in Figure 8. Boldface species listed in the text are rare
or uncommon in Delaware as noted in Table 11. References to creeks, roads, and buildings can be
found in Figure 2.
Table 11: Reptiles and amphibians found in WCCSP, New Castle Co., Delaware from 1984-1999. Species
that have not been found in WCCSP, but are expected here based on the presence of suitable
habitat, are listed at the bottom of the table.
Species

Scientific Name

Amphibians:
Spotted salamander
Dusky salamander
Northern two-lined salamander
Longtail salamander
Four-toed salamander
Red-backed salamander
Eastern newt
Red salamander
American toad
Northern cricket frog
Spring peeper
Eastern spadefoot
Bullfrog
Green frog
Pickerel frog
Wood frog

Ambystoma maculatum
Desmognathus fuscus
Eurycea b. bislineata
Eurycea l. longicauda
Hemidactylum scutatum
Plethodon cinereus
Notophthalmus viridescens
Pseudotriton ruber
Bufo americanus
Acris crepitans
Pseudacris crucifer
Scaphiopus holbrookii
Rana catesbeiana
Rana clamitans
Rana palustris
Rana sylvatica

S2
S5
S5
S1
S1
S5
S4
S3
S5
S5
S5
S4
S5
S5
S5
S4

Reptiles:
Snapping turtle
Painted turtle
Spotted turtle
Bog turtle
Eastern box turtle
Common musk turtle
Racer

Chelydra serpentina
Chrysemys picta
Clemmys guttata
Clemmys muhlenbergii
Terrapene c. carolina
Sternotherus odoratus
Coluber constrictor

S5
S5
S3
S1
S5
S5
S5
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Species
Ringneck snake
Black ratsnake
Milk snake
Northern water snake
Brown snake
Eastern ribbon snake
Eastern garter snake

Scientific Name
Diadophis punctatus
Elaphe o. obsoleta
Lampropeltis t. triangulum
Nerodia sipedon
Storeria d. decayi
Thamnophis sauritus
Thamnophis sirtalis

Species expected but not found:
Eastern mud turtle
Queen snake
Redbelly turtle

Kinosternon subrubrum
Regina septemvittata
Chrysemys rubriventris

State Rank
S5
S5
S2
S5
S3
S2
S5
S5
S1
S5

Habitat-Specific Results
• Woodlands [numerous]:

The mature deciduous woodlands of WCCSP provide excellent habitat for a relatively high
diversity of herpetile fauna. A number of amphibian species have been observed here utilizing the
woodlands for foraging: American Toad, Spring Peeper, Wood Frog, Dusky Salamander, Northern
Two-lined Salamander, Longtail Salamander, Eastern Newt, Four-toed Salamander, and Red
Salamander. In addition, the Red-backed Salamander breeds in the woodlands and has been
observed in several locations. Reptile species include Eastern Box Turtle, Racer, Black Ratsnake,
Ringneck Snake, Milk Snake, and Eastern Garter Snake. Persistence of large amounts of downed
woody debris in various stages of decomposition is important to provide food and cover for resident
reptiles and amphibians. Other woodland conservation measures recommended for forest birds (see
Avian Surveys above) will also preserve habitat for the park's reptile and amphibian species using
this habitat type.
• Ponds [numerous]

There are numerous small ponds in WCCSP. All of these are man-made ponds, primarily created
by damming small streams. One pond (referred to as “Catfish Pond”) located in the floodplain of
the White Clay Creek (Fig. 2), apparently is a former borrow pit. Many of the ponds maintain
populations of fish, thus reducing amphibian diversity. However, a few amphibian species have
been observed in the ponds including American Toad, American Bullfrog, Green Frog, and Pickerel
Frog. Reptiles that have been observed in the ponds include Eastern Snapping Turtle, Eastern
Painted Turtle, Common Musk Turtle, and Northern Water Snake. Although not observed, the
Eastern Mud Turtle may possibly occur in these ponds. Enhancing native vegetation along pond
edges will increase their value to herpetile species. Pond-side vegetation should not be mowed and
should be allowed to regenerate toward forest habitat.
• Rivers / large streams [White Clay Creek, Pike Creek]

There are two large, non-tidal streams within the park: Pike Creek and White Clay Creek. White
Clay Creek is a dominant feature in the main part of the park and flows generally from north to
south from the Pennsylvania-Delaware state line to the City of Newark at the park’s southern
boundary. Pike Creek flows generally from north to south near the eastern boundary of JME. Both
streams alternate between rocky areas with relatively shallow, fast-moving water and sandy or
muddy areas with deeper, slow-moving water. Amphibians that have been found in these large
streams include: Northern Two-lined Salamander, American Toad, American Bullfrog, and Green
Frog. Of these, only the American Bullfrog breeds regularly in these streams. Reptiles observed in
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the large streams include Eastern Snapping Turtle, Eastern Painted Turtle, Common Musk Turtle,
Northern Water Snake, and Eastern Garter Snake. Erosion and sedimentation threaten both White
Clay and Pike creeks. This has likely had negative effects on the mussel (see Freshwater Mussels),
Odonata (see Odonates), native fish populations (see Fish), as well as the park's herpetiles.
Identification of sources of erosion and subsequent control, is needed for both waterways.
Woodland buffers should be protected and enhanced along all of the park's rivers.
• Small streams [numerous]

Several small, rocky streams are located in the park, most of which provide important salamander
habitat. Species observed that utilize these streams as breeding areas include Dusky Salamander,
Northern Two-lined Salamander, Red Salamander and Longtail Salamander. Although not
dependent on the streams for breeding, the Green Frog and Pickerel Frog were also observed along
streams. Reptiles that have been found in or near the streams include Northern Water Snake,
Eastern Ribbon Snake, and Eastern Garter Snake. Although not found during these field surveys,
the Queen Snake possibly occurs along streams that run through open meadows or old fields in the
park. In addition to their importance to herpetiles, small streams are important for several Odonata
species (see Odonates below). Erosion and sedimentation are threats to the ecological integrity of
small streams. Sources of sedimentation should be identified and controlled. Woodland buffers
should be protected and enhanced along all of the park's streams.
• Spring houses - groundwater seeps (spring-seeps) [1, 2, 3, 4, 5]

Many spring-house encasements (small buildings built around cool groundwater seeps to store
perishable foods; hereafter referred to as springs) and groundwater seeps (hereafter referred to as
seeps) are located in WCCSP. Most are found in woodlands and create cool, wet, boggy areas that
are important salamander habitat. Spring-seeps often host several salamander and frog species.
Amphibian species found in the spring-seeps at the park include Northern Two-lined Salamander,
Dusky Salamander, Red Salamander, Longtail Salamander, and Pickerel Frog (although most of
these species were only observed in the abandoned spring houses they are also likely to be found in
the undisturbed groundwater seeps). The Four-toed Salamander may also occur in the woodland
springs at the park but it has not yet been observed there. No reptile species have been observed in
the springs. Because the Longtail Salamander is associated with springs, these sites are identified
(Fig. 8) and should protected from disturbance. This will likely require maintaining upland buffers
and protecting natural ground water flow. Discouraging pedestrian, bicycle, and horse traffic will
be an important protection tool for preserving native herpetile species' populations.
• Marshes [6, 7, 8, 9, 10, 11, 12, 13, 14, 15]

The only marshes in the park are freshwater marsh areas located within the floodplain of the White
Clay and Pike Creeks, and an emergent marsh located west of Paper Mill Road. These areas are
critically important herpetile habitat and are extensively utilized by amphibians as breeding sites.
Species known to breed in these marshes include American Toad, Northern Cricket Frog, Spring
Peeper, Eastern Spadefoot, American Bullfrog, Green Frog, Pickerel Frog, Wood Frog, Eastern
Newt, and Four-toed Salamander. Reptiles that have been found in these marshes include Eastern
Snapping Turtle, Eastern Painted Turtle, Spotted Turtle, Bog Turtle (federally threatened
species), Northern Water Snake, and Eastern Garter Snake. Marshes should be protected from
disturbance, woody plant encroachment and invasive plant invasion.
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• Vernal Pools [6, 10]

Vernal pools provide very valuable herpetile habitat. Vernal pools tend to draw down during the
summer months, and thus do not support fish populations. Because they lack fish, they are used
extensively by amphibians as breeding sites. Vernal pools at the park are located in the floodplains
of the White Clay Creek and Pike Creek (Fig. 8). In wet years, large puddles and ditches along
Creek Road can also act as vernal pools and possibly provide viable breeding areas. Amphibian
species found in vernal pools in the park include: Spotted Salamander, Four-toed Salamander,
Eastern Newt, Spring Peeper, American Toad, American Bullfrog, Green Frog, Pickerel Frog, and
Wood Frog. Reptiles observed in the vernal pools include Eastern Snapping Turtle, Eastern Painted
Turtle, Spotted Turtle, Bog Turtle, Common Musk Turtle, Northern Water Snake, and Eastern
Garter Snake. Eastern Ribbon Snake may also possibly occur at these pools. Because vernal
pools are important for many rare or uncommon species, their ecological integrity should be
preserved. This will likely require limiting human disturbance and protecting forested buffers.
Noteworthy Species-Specific Results
The following are noteworthy species with associated state ranks and general habitat requirements.
Boldface numbers refer to symbols in Figure 8 and represent general locations of field observations.
These species have not been found at JME.
• Spotted Salamander [S2]

The Spotted Salamander breeds in vernal pools adjacent to Thompson's Bridge (6) (Fig. 2). This
species concentrates in vernal pools to breed in February and March but utilizes surrounding
uplands for cover during other months. This species should be a high priority for protection
especially considering that Piedmont populations of the Spotted Salamander are uncommon.
Successful management to protect this species will require the protection of vernal pools and
associated upland forest buffers. Additionally, park enforcement officers should be especially
aware of the potential for unauthorized herp collectors during the months of January through April
in and around these vernal pools. The life history of this species makes it especially vulnerable to
over-collection during breeding periods (i.e., an entire population may concentrate at a single vernal
pool).
• Longtail Salamander [S1]

This salamander species is uncommon along streams and natural springs and abandoned spring
encasements (1, 2, 3, 4, possibly 5). Longtail Salamander should be an especially high priority for
protection at WCCSP because the park likely maintains the most viable populations in Delaware.
Erosion and associated sedimentation, loss of forested buffers, and pedestrian and bicycle traffic all
threaten the Longtail Salamander at WCCSP. Protection of this salamander will require addressing
the above threats and the active protection of the park's springs and seeps (see Spring housesgroundwater seeps above and Management Recommendations below).

74

Delaware Natural Heritage Program

White Clay Creek State Park

Chapter 4: Biological Surveys

• Four-toed Salamander [S1]

This species is especially rare and / or secretive at WCCSP (Metcalf & Eddy 1996). It is likely
associated with marshes, particularly those with sphagnum moss (7, 10, 12). The Four-toed
Salamander is particularly rare on Delaware's Piedmont. Management of marshes noted above will
likely benefit this species.
• Bog Turtle [S1]

The Federally Threatened Bog Turtle is known from two sites in WCCSP (Metcalf & Eddy 1996).
Additionally, there are two other sites that apparently support appropriate habitat for the Bog Turtle
(Delaware Division of Fish and Wildlife, unpublished data). Ideally, these sites represent a metapopulation (network of interacting populations). However, disruption of dispersal patterns required
for successful gene flow among sites may have occurred, potentially posing a serious threat to the
long-term viability of the park's Bog Turtle populations. Encroachment of woody and alien plant
species also pose a significant threat to this species in WCCSP. Only one Bog Turtle has been
found in the park since 1992 (Delaware Division of Fish and Wildlife, unpublished data). Due to
their elusive nature, however, increased and intensive inventory is warranted within all suitable
habitat. Protection and restoration of the Bog Turtle in WCCSP should be among the highest
priorities for the Division of Parks and Recreation. Such conservation action should start with the
development of a detailed management plan for the park's turtle population and should include five
primary goals: (1) protection of sites known to harbor Bog Turtles (protection from habitat
alteration, disruption in the hydrologic regime, pedestrian, horse, and bicycle traffic), (2) restoration
of Bog Turtle habitats, including active control of alien and woody plant species encroachment, (3)
increased attention of park rangers to the threat of illegal Bog Turtle collectors, (4) increased
attention to inventory and monitoring of extant Bog Turtle populations, and (5) restoration and
protection of a connective network of safe travel corridors among Bog Turtle populations. To
protect this species from illegal collecting, the exact locations Bog Turtle populations within the
park are provided to the Division of Parks and Recreation only – it is imperative that this
information is NOT DISTRIBUTED.
• Milk Snake [S2]

This snake is rare in WCCSP, and is usually found on the rocky, wooded slopes of the White Clay
Creek valley. Grogan and Forster (1998) reviewed the status of this species in Delaware and
suggested the Piedmont population represents Lampropeltis triangulum triangulum (as opposed to
L. t. temporalis on the Coastal Plain). If this conclusion is correct, the WCCSP population
represents the nominate form and probably maintains some of the best habitat for this form in
Delaware. Management that promotes protection and restoration of a heterogeneous, natural
forested landscape within WCCSP will likely provide adequate protection to this species.
• Eastern Ribbon Snake [S1]

The Eastern Ribbon Snake is uncommon throughout Delaware. This snake prefers wetland areas
and usually does not stray far from them. In WCCSP, this species has been found along the edges
of aquatic environments (Metcalf & Eddy 1996). Protection of the park's wetlands will likely
benefit this species.
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Conclusion - Herpetiles
The reptiles and amphibians of WCCSP represent a unique assemblage of rare and common species.
Preservation of unique habitat types noted above, along with the aforementioned species-specific
management guidelines, should ensure the long-term persistence of these species. In general,
management for herpetiles at WCCSP-JME should incorporate several primary guidelines: (1)
protection of unique habitat types known to harbor rare species populations, (2) restoration of forests
and forest buffers around wetlands (including the establishment of large woody debris), (3) restoration
action geared toward the elimination of invasive, woody, or alien plant species from sensitive
wetlands, (4) increased awareness of park rangers to the possible threat of illegal herpetile collectors,
(5) annual monitoring and inventory of the park's reptiles and amphibian populations, (6) protection of
sensitive habitats from pedestrians, horses, and bicyclists, and (7) implementation of forest
management guidelines suggested for the WCCSP avifauna (i.e., maintaining a diverse and extensive
heterogeneous forest complex of mature and second growth stands in floodplains and associated
upland slopes).

FRESHWATER MUSSELS SURVEYS
Freshwater mussels are sedentary filter feeders that rely on fish to disperse their larvae. Mussels are
widely recognized as an excellent indicators of water quality because their life history characteristics
make them extremely sensitive to changes in their environment such as increases in sedimentation,
contaminants, and structures that limit the movement of their species-specific host fish
(channelization, impoundments, dams, dredging and pollutants all negatively impact mussels)
(Williams et al. 1993; Mehlhop & Vaughn 1994; Watters 1996; Vaughn & Taylor 1999). As a result,
mussel populations throughout the country are experiencing severe rates of decline. Of 305 species
comprising the mussel fauna of North America, 12 % are or are thought to be extinct and 56 % are
critically imperiled or vulnerable (Stein & Flack 1997). Historically, Delaware’s mussel fauna was
comprised of thirteen species, however, only eight species have been found in the state in recent years,
and one species is now considered extirpated from the state (i.e., Alasmidonta vericosa; The Nature
Conservancy 1996).
In 1997, the DNHP began conducting systematic surveys of freshwater mussels throughout the state.
Prior to these surveys, White Clay Creek had never been systematically surveyed for freshwater
mussels. Lower portions of White Clay Creek were among the sites that were surveyed in 1998 by the
DNHP. However, the 1999 biological inventory of WCCSP allowed us to expand surveys to the upper
reaches of the creek, including several tributaries within the park. The results of these surveys are
reported below.
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METHODS
Surveys were conducted in the main channel of White Clay Creek and in several of the smaller
tributaries within the park; no surveys were conducted in Pike Creek or Middle Run. Surveyors
generally walked back and forth in a zigzag pattern upstream through the creek or tributaries and
searched the substrate for mussels by using stream-viewing buckets (i.e., a 5-gal bucket with a plexiglass bottom) or snorkeling gear, depending on the depth of the water.
Two types of surveys were conducted: qualitative and quantitative. Qualitative surveys entailed
systematically searching the bottom substrate for an unspecified amount of time to determine whether
mussels were present at a site. During qualitative surveys, time spent searching for mussels was
recorded, though search time was not standardized. Quantitative surveys involved searching eight 1m2 grids randomly placed on the stream bottom (streams were walked and grids were flung into the
water to determine grid sampling locations). Quantitative surveys were conducted within a 100 m
stretch of the stream.

RESULTS & DISCUSSION
Seven sites within WCCSP were surveyed for freshwater mussels in 1999; no portions of Pike Creek
or Middle Run were surveyed. Surveys were conducted at four sites within the main channel of White
Clay Creek and three tributaries of the creek (Fig. 3). Despite extensive searches of these sites, no
freshwater mussels were found, nor were any cast shells found. An absence of mussels was also noted
at several sites surveyed in White Clay Creek (i.e., downstream from the park) in 1998.
It is difficult to determine precisely what factors may be contributing to the absence of mussels in
White Clay Creek. Though impoundments and channelization are not prevalent on this river,
sedimentation and siltation undoubtedly are major contributors to the disappearance of mussel fauna at
this site. (It is presumed mussels were once present within this portion of the watershed because live
mussel specimens were found in the 1970s in the upper reaches of the Pennsylvania portion of the
creek; B. Sweeney, personal communication). Erosion problems are obvious along vast stretches of
this creek where banks can be seen sloughing into the river, particularly after major storm events. In
their assessment of habitat quality of Piedmont streams, Maxted and Dickey (1994) note that
widespread habitat degradation within these steams is caused by direct and indirect effects of
urbanization. Direct effects result from development (e.g., parking lots, residential development,
including replacement of natural vegetation by manicured yards, sewer lines, bridges) within the
floodplain and along the stream channel. However, they note that the most severe and widespread
degradation is a result of indirect effects of urbanization. They acknowledge that while pulses in peak
flow and velocity can occur naturally, their frequency and magnitude increase with an increase of
impervious surfaces within the watershed: 17 % of land area within the watershed is comprised of
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impervious area; this value is considered high (Watershed Assessment Branch 1996). An unnatural
increase in the volume of stormwater runoff is more severe and may extend for many more miles
downstream than natural fluctuations in water flow. Additional sediment increases turbidity and
buries critical microhabitats used by mussels such as riffles, pools, and gravel beds.
While pollutants may also be partly responsible for the lack of mussels in White Clay Creek, no
specific data regarding contaminants was available at the time of this report. There do not appear to be
any obvious indicators that contaminants are currently a problem, at least within the park boundaries
(e.g., there are no fish consumption advisories posted for this stretch of White Clay Creek). Due to the
lack of data on mussel populations in the watershed, however, there is no way to know when mussels
disappeared, and thus there is no way to determine if contaminants could have been a significant factor
in the past.
Although habitat and water quality has been assessed for White Clay Creek in Delaware, it is not
immediately apparent what effects are a result of land-use farther upstream in Pennsylvania.
According to the USGS topographic map (West Grove, PA – DEL; photorevised 1968 and 1973) that
shows the upper reaches of White Clay Creek in Pennsylvania, there appears to be much less forested
buffer along that portion of the creek compared to the Delaware portion. In addition, contaminants
may enter the creek from sources upstream in Pennsylvania. If there is any attempt to restore
freshwater mussel habitat in this watershed, coordination with Pennsylvania will be imperative.
At present, this watershed apparently does not contain the non-native Corbicula fluminea (Asian
clam). This species is widespread in other watersheds in Delaware (e.g., Nanticoke River), but was
absent from the White Clay Creek and its tributaries at the time of our surveys. However, there was an
anecdotal report from a park ranger who said he had found some Asian clam shells near the pump
house on White Clay Creek. We do not have further information to substantiate this observation (e.g.,
specimens, photos). In addition, the non-native Zebra mussel (Dreissena polymorpha) is also absent
from White Clay Creek, and in fact, has not yet been reported from the state of Delaware. This species
has wreaked havoc on the Great Lakes aquatic ecosystems and is rapidly spreading through major
watersheds including the Mississippi drainage system and New York state’s rivers, streams, and lakes
(Ricciardi et al. 1998). It is important to ensure that this species does not establish itself in Delaware’s
waterways; park personnel should be familiar with the zebra mussel and immediately inform the
DNHP if it is seen. Although Asian clam does not appear to be as detrimental to local ecosystems, it
may have an effect on native mussel populations by outcompeting them for food.
Without major changes in water quality (e.g., sedimentation and turbidity) and extensive habitat
restoration (e.g., forested buffers) along the entire stretch of White Clay Creek, including Pennsylvania
portions, it seems unlikely that mussel populations can be restored in this watershed. It is also
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discouraging that factors beyond the immediate riparian habitat of White Clay Creek (e.g., extensive
areas of impervious surfaces) may be strongly influencing the habitat quality within the creek (i.e.,
through significant unnatural increases in the volume and velocity of stormwater runoff). This is more
of a landscape-level land-use problem that may override attempts to restore comparatively narrow
riparian buffers. Fortunately, there has been much improvement of forested buffers over the latter half
of the 20th century (comparing 1937 and 1992 aerial photos), and presumably there will be greater
improvement in years to come. With land-use issues finally gaining recognition, it is hopeful that this
watershed will be restored to the point where it can support freshwater mussels. If restoration is
effective, efforts to re-establish mussel populations will likely involve transplanting individuals or
larvae and their host fish from other locations into suitable habitat within the creek. Because fish are
inextricably entwined in the life cycle of mussels, restoration of mussel populations must also include
restoration of fish populations. Fish must be able to move freely throughout the watershed, unimpeded
by dams or other barriers. To ensure mussels have access to their fish hosts, either removal of dams or
installation of fish ladders will be necessary downstream of WCCSP. Further discussion regarding the
specifics of freshwater mussel reintroduction is beyond the scope of this report.
Management of stream habitats for freshwater mussels at WCCSP should include: (1) identification
and control of sources of sedimentation and non-point source pollution, (2) protection and restoration
of forested buffers, (3) assessment of habitat and contamination factors originating from the
Pennsylvania portion of the watershed; (4) continue monitoring for non-native bivalve species
including Asian clam and zebra mussel; (5) removal of unnecessary dams or construction of fish
ladders at dam sites below WCCSP.

FISH
As with freshwater mussels, fish communities can be used to evaluate the condition of aquatic habitats.
Many native fish species are sensitive to unnatural sedimentation, increased turbidity, toxins, and other
aquatic habitat alteration. A healthy fish fauna in this region should maintain a nearly complete native
fish assemblage with strong representation of fish species dependent on riffles and clear vegetated
streams (e.g., Fairchild et al. 1998). Native fish are a valuable resource for migratory and resident
wading birds, kingfishers, and osprey. Finally, many native fish species act as hosts for freshwater
mussels; a species assemblage that has apparently been extirpated from WCCSP (see Freshwater
Mussels above).
During 1999, we did not undertake fish surveys as part of this project. However, a comprehensive list
of fish species for WCCSP was obtained from two sources: a statewide freshwater fish inventory
undertaken in 1988 (Shirey 1991), and a more recent (1997) fish survey of a portion of the park
undertaken by Metcalf and Eddy (1996). These data were evaluated by DNHP staff in an attempt to
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understand the status of native fish at WCCSP. Historic data regarding the fish fauna of WCCSP,
beyond a qualitative list reported by Harmic (1954), was not obtained for this evaluation.

METHODS
Information regarding the present-day fish fauna of WCCSP was gathered from two sources: Shirey
(1991) and Metcalf and Eddy (1996). The resulting comprehensive list was assumed to adequately
represent the park's fish assemblage. Indicator species thought to represent high-quality freshwater
fish communities were identified as present or missing from WCCSP. Life history information
regarding these species and their relative status in this region was evaluated. Harmic (1954) was
referenced to assist in determining the historic presence of White Clay Creek fish. Species presently
rare or noticeably absent from WCCSP are noted below, and the general status of the native fish of
WCCSP is discussed.

RESULTS & DISCUSSION
Twenty-three (23) species of freshwater fish have been recently reported from the Delaware portion of
White Clay Creek north of Newark (Table 12) (Shirey 1991; Metcalf & Eddy 1996). Five of these are
non-native species (Brown trout, Rainbow trout, Goldfish, Rock bass, Bluegill). Two state-rare
species, American brook lamprey and Margined madtom, occur within park boundaries (Shirey 1991;
Metcalf & Eddy 1996). Several species characteristic of high-quality freshwater streams (clear and
vegetated) in this region (e.g., Fairchild et al. 1998) are apparently absent from WCCSP: Ironcolor
shiner, Bridle shiner, Golden shiner, Redfin pickerel, and Banded killifish. Of these, only the latter
three can be expected permanent residents of a Piedmont stream such as White Clay Creek. Records
exist for Golden Shiner, Redfin pickerel and Banded Killifish from contiguous portions of this
watershed (Shirey 1991), thus their absence from the upper White Clay Creek is disturbing (Golden
shiner has been found in lower portions of White Clay Creek below Newark in very low numbers).
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Table 12: Fish species recorded from the upper White Clay Creek north of Newark including
WCCSP in New Castle Co., Delaware [from Shirey (1991) and Metcalf and Eddy (1996)].

Common Name
American brook lamprey
American eel
Brown trout
Rainbow trout
Goldfish
Rosyside dace
Cutlips minnow
Spottail shiner
Swallowtail shiner
Blacknose dace
Longnose dace
Creek Chub
Fallfish
Satinfin shiner
Spotfin shiner
Common shiner
White sucker
Rock bass
Redbreast sunfish
Pumpkinseed
Bluegill
Tessalated darter
Bluntnose minnow

Scientific Name
Lampetra appendix
Anguilla rostrata
Salmo trutta
Oncorhynchus mykiss
Carassius auratus
Clinostomus funduloides
Exoglossum maxillingua
Cyprinella spiloptera
Notropis procne
Rhinichthys atratulus
Rhinichthys cataractae
Semotilus atromaculatus
Semotilus corporalis
Cyprinella analostana
Cyprinella spiloptera
Luxilus cornutus
Catostomus commersoni
Ambloplites rupestris
Lepomis auritus
Lepomis gibbosus
Lepomis macrochirus
Etheostoma olmstedi
Pimephales notatus

Reference
(Metcalf & Eddy 1996)
(Metcalf & Eddy 1996; Shirey 1991)
(C. Heckscher, personal observation)
(Metcalf & Eddy 1996)
(Shirey 1991)
(Metcalf & Eddy 1996; Shirey 1991)
(Metcalf & Eddy 1996; Shirey 1991)
(Metcalf & Eddy 1996; Shirey 1991)
(Metcalf & Eddy 1996; Shirey 1991)
(Metcalf & Eddy 1996; Shirey 1991)
(Metcalf & Eddy 1996; Shirey 1991)
(Metcalf & Eddy 1996; Shirey 1991)
(Shirey 1991)
(Metcalf & Eddy 1996; Shirey 1991)
(Shirey 1991)
(Metcalf & Eddy 1996; Shirey 1991)
(Metcalf & Eddy 1996; Shirey 1991)
(Metcalf & Eddy 1996)
(Metcalf & Eddy 1996)
(Metcalf & Eddy 1996)
(Metcalf & Eddy 1996)
(Metcalf & Eddy 1996; Shirey 1991)
(Metcalf & Eddy 1996)

Similarly, species associated with gravelly riffles should be common in high-quality Piedmont streams
(primarily minnows and darters). This assemblage apparently is faring far better in WCCSP. Several
species, such as Blacknose dace, Longnose dace, Rosyside dace, Swallowtail shiner, Tessellated darter
and Cutlips minnow, are present in the upper White Clay Creek. However, it seems these species
should be more common than their current abundance indicates. For example, each minnow and darter
species reported in Shirey (1991) represented less than 8% of the total catch for White Clay Creek and
the cumulative percentage of the aforementioned five species in the upper White Clay Creek was 35%
(three sites, n = 151). Additionally, Raasch (1997) notes that the streams of New Castle County were
teeming with minnows in the 1950s but the number has noticeably decreased.
Fish samples from Pike Creek (JME) indicate this creek is of much higher quality than White Clay
Creek. For example, Blacknose dace and Longnose dace represented 32% of the total fish species
sampled by Shirey (1991) and Rosyside dace, Tessellated darter, and Cutlips minnow represented
another 16%. Together these native fish represent 48% of the total catch in Pike Creek (two sites, n =
118), a 13% higher value than that for White Clay Creek despite the unexplained absence of
Swallowtail shiner in Pike Creek and the fact that one less site was sampled. Although these species
presumably should represent a much higher percentage of specimens caught, the Pike Creek fish fauna
seems to be in better shape than that of White Clay Creek. This is assumed to be a reflection of higher
water and habitat quality in Pike Creek.
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Noteworthy Species-Specific Discussion
• American brook lamprey [S2]

This species should be a target for monitoring in WCCSP. It is known from approximately seven
sites (streams) in Delaware. It was only reported by Metcalf and Eddy (1996) but was found during
those surveys in fair numbers from White Clay Creek and Thompson's Station tributary. The
absence of this species during Shirey's surveys is notable and suggests this species may have
significantly increased since 1988; however, Shirey notes that methods used in 1988 may not have
adequately detected this species (C. Shirey, personal communication). The American brook
lamprey nests in depressions that it builds in stream riffles.
• Margined madtom [S2]

Margined madtom seems to prefer fairly clear and swift moving streams with gravelly or rocky
substrate (Raasch 1997). As with other species favoring these conditions, the Margined madtom is
uncommon in White Clay Creek. It is also rare throughout all of Delaware and is known from only
one other watershed (Nanticoke). Because there are few state records, and its potential sensitivity
to habitat alteration, this species should be a priority for monitoring at WCCSP.
• Golden shiner, Redfin pickerel, and Banded killifish

These species are considered indicator species of clear, highly vegetated waters. They should be
well represented in high-quality Piedmont and Coastal Plain streams (e.g., Fairchild et al. 1998).
Harmic (1954) lists the Golden shiner as present in the WCCSP area. Apparently, this species has
disappeared from WCCSP, and is therefore a species of local concern. One Golden shiner was
found in the lower portion of White Clay Creek by Shirey (1991). Although it may be secure
elsewhere, it seems this species may be on the verge of extirpation from this watershed. The only
other creek within the Christina watershed (the larger drainage that includes White Clay Creek)
where the Golden shiner was recorded during Shirey's surveys was Brandywine Creek; however,
the species represented less than 1% of the total catch there. Golden shiner prefers slow moving
highly vegetated, clear water (Rohde et al. 1994; Fairchild et al. 1998).
Neither Redfin pickerel or Banded killifish were reported present in the upper White Clay Creek by
Harmic (1954), and neither were reported here by Shirey (1991). Furthermore, only one Redfin
pickerel was found in the entire Christina watershed during Shirey's surveys, and only 118 Banded
killifish were found in the watershed including a single specimen in the lower White Clay Creek.
Both species should be far more common in a large watershed flowing through Piedmont and
Coastal Plain areas. The lack of an abundance of these indicator species in the upper White Clay
Creek of Delaware is cause for concern. Their presence in other contiguous portions of the
watershed indicates it may not be too late for population restoration of these species in WCCSP.
• Blacknose dace, Longnose dace, Rosyside dace, Swallowtail shiner, Tessellated darter, Cutlips

minnow
These riffle specialists were present during both Shirey's (1991) and Harmic's (1954) surveys
except for Rosyside dace and Swallowtail shiner (present only during Shirey's surveys). The
presence of these species (including the addition of the latter two species) nearly forty years later is
encouraging. However, all six species should occur in much higher numbers. Populations of these
species should be considered an indicator of habitat quality and should be monitored regularly.
Steps to improve their habitat should be incorporated into park plans.

82

Delaware Natural Heritage Program

White Clay Creek State Park

Chapter 4: Biological Surveys

• Creek chub, Fallfish

Although not considered indicator species, both the Creek chub and Fallfish prefer cooler streams
with gravelly and rocky bottoms (Rhode et al. 1994). Creek chub represented less than 2% of the
total catch by Shirey (1991), and only one Fallfish was found in the upper White Clay Creek (0.2%
of total catch). Both species are uncommon in White Clay Creek, a stream in which they should be
quite abundant.
General Discussion - Fish
The apparent decline, disappearance, and lack of many species of native fish indicative of high-quality
Piedmont streams (Golden shiner, Redfin pickerel, Banded killifish, Rosyside dace, Tessellated darter,
Blacknose dace, Swallowtail shiner, Longnose dace, Cutlips minnow) is troublesome. Additionally,
some uncommon species should be far more common such as Creek chub and Fallfish. Exact causes
are not known, but likely can be attributed to a combination of detrimental effects such as
establishment of dams impeding fish dispersal, agricultural runoff, toxins, erosion and subsequent
sedimentation, and loss of micro-habitat typical of a natural forest stream. The effect of game fish
stocking on native fish populations is also unknown. In some studies, game fish have been shown to
threaten rare species and native fish assemblages (e.g., Marsh & Douglas 1997).
The recovery of the native fish fauna should be a high priority in park management plans, realizing
that many detrimental effects may not come from within park boundaries. However, WCCSP can
ameliorate the effects of two detrimental factors on the local fish fauna: sedimentation and loss of
microhabitat important for fish survival. Identification and control of erosion has been outlined as a
primary objective for Odonata and mussel species and will also benefit native fishes. Additionally,
establishment of microhabitat in the form of fallen woody debris would be highly desirable. Creating
small-scale log dams to increase riffle habitat and periodic placement of large fallen logs within White
Clay Creek should be a management objective to assist in halting declines of native fish and beginning
the important steps toward fish community restoration.
Despite the aforementioned problems, there is some evidence that White Clay Creek may already be in
a process of restoration. The increase of forested buffers that has presumably taken place over the last
half-century, combined with stricter environmental regulations related to runoff and siltation, has
undoubtedly begun a process of restoration. Shirey (1991) notes that more fish are now found in
White Clay Creek than was found by Harmic (1954) who stated: "no fish were found from Newark to
Stanton." Also, two species present in Shirey's surveys were apparently absent during surveys in the
1950s (Harmic 1954), and surveys undertaken in 1997 by Metcalf and Eddy (1996), though not
statistically comparable to Shirey (1991), suggest riffle species may be faring better now than ten years
earlier during Shirey's surveys. This apparent increase in diversity and numbers is a cause for
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optimism; however, the park's fish fauna remains in a depauperate state and continued restoration of
this species assemblage should be a high priority for future management of WCCSP.
Management of the fish fauna of WCCSP should focus on: (1) protection and monitoring of extant
species of concern (American brook lamprey, Margined madtom), and species identified above as
indicator species of high-quality Piedmont streams (Golden shiner, Redfin pickerel, Banded killifish,
Rosyside dace, Tessellated darter, Blacknose dace, Swallowtail shiner, Longnose dace, Cutlips
minnow), (2) identification and control of sources of sedimentation and non-point source pollution, (3)
establishment of cover for native fish (logs and permanent small log dams), (4) protection and
restoration of forest buffers, (5) comparison of fish samples and historic specimens from the upper
White Clay Creek in Delaware with that of White Clay Creek in Pennsylvania to provide a better
understanding of the historic fish fauna and the potential for the restoration of some native fish species
within WCCSP, (6) repeating the comprehensive survey undertaken by Shirey (1991) in order to
determine potential fish community changes since 1989. Removal of dams or the placement of fish
ladders downstream of WCCSP would assist in restoring the park's fish fauna, and such attempts
would also greatly assist any attempt to restore freshwater mussel populations (see above).

ODONATE SURVEYS
As with freshwater mussels and fish, Odonata (damselflies and dragonflies) can be used to infer the
general water quality and condition of sensitive wetlands of WCCSP. Characteristic natural wetland
communities of the Piedmont physiographic province occurring in WCCSP (forested groundwater
seeps; cool, clear, swift moving streams with rocky and gravelly substrate; high-quality freshwater
marshes), should maintain a fauna of associated characteristic Odonata species. Many species are
sensitive to habitat alteration (e.g., sedimentation, water temperature change, water quality change,
vegetation change) and may not persist in severely degraded systems. The results of systematic
Odonata surveys can be used to target pristine sites for protection and degraded sites for restoration.

METHODS
Odonata inventory dates ranged from 5 May to 23 September 1999. Thirteen sites within WCCSP
were selected for Odonata surveys (JME was not included in Odonata inventory; Fig. 3). These sites
were chosen by examining USGS topographic maps, previous field notes from DNHP staff, and from
personal correspondence with Harold B. White at the University of Delaware (H. B. White is a noted
Odonata specialist). Survey sites included the main channel of White Clay Creek (designated site A),
eight tributaries (two with associated groundwater seeps; sites B through G, J and K), two disjunct
ponds (H and I), an open marsh (Devil's Hole; site M), and a field (site L).
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Sites A through J were surveyed five times: once per month in May, June, July, August and
September. Site K was visited three times: once in July, August and September; and sites L and M
were visited once each in June, July, and August. A 14-in sweep net was used to collect adults during
each site visit. A survey included walking the perimeter of each site (or walking within streams and
tributaries for their entire length) and visually searching the air and vegetation for Odonata species.
For each site visit, the observer spent as much time as necessary to adequately search each site (a
minimum of 20 minutes was allowed for non-tributaries [sites H, I, L, M]); this included the time
necessary to walk the length of each tributary one-way. Site A and was surveyed for 100 m upstream
and downstream from the mouth of each of the tributaries each time a tributary site was completed.
All species were collected at a site regardless of whether or not they had been recorded at other sites.
If duplicate species were captured, they were subsequently released on site. Soon after collection, live
specimens were placed in undiluted acetone for 1.5 hours. All specimens were identified after the
survey period by the DNHP staff and H. B. White. Reference specimens and field guides aided in
identification (i.e., Carpenter 1991; Dunkle 1989; Dunkle 1990). All specimens have been deposited
in the DNHP reference collection.

RESULTS & DISCUSSION
Twenty-eight (28) species of Odonates (20 dragonflies, eight damselflies) were recorded during these
surveys (Appendix 5). The sites with the highest species diversity were A, H, and F, respectively.
Sites with the lowest species diversity were E, K, and M; all with only one species reported. The
species with the highest frequency of occurrence were Calopteryx maculata, Libellula lydia and
Erythemis simplicicollis (Table 2). Four species found are state-rare species: Macromia illinoiensis,
Gomphus villosipes, Stylogomphus albistylus and Cordulegaster erronea. All state-rare species
previously collected at WCCSP were relocated in 1999. Additional sites for some species (see below)
were discovered. One dragonfly, Ophiogomphus spp., was observed on White Clay Creek
approximately 25 years ago (H. B. White, personal communication). Although the species was not
identified at the time, any Ophiogomphus spp. collected at WCCSP would be a rare species for
Delaware. This dragonfly was not observed in 1999 and may no longer maintain an extant population
here.
Table 13: Odonate species found at survey sites in WCCSP in 1999. Site locations can be found in Figure 3.
Survey Site
Species
Anax junius
Argia fumipennis violacea
Argia moesta
Boyeria vinosa
Calopteryx maculata

A
Υ*
Υ
Υ
Υ
Υ
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B

C

D

Υ

Υ*
Υ

Υ

Υ

Υ

Υ

E

F

G

Υ*

Υ

Υ

H

I

J

K

Υ

Υ

L

M

Υ*

Υ
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Survey Site
Celithemis eponina
Cordulegaster erronea
Enallagma exsulans
Tetragoneuria cynosura
Erythemis simplicicollis
Gomphus lividus
Gomphus villosipes
Hetaerina americana
Ischnura posita
Ischnura ramburii
Lestes rectangularis
Libellula cyanea
Libellula incesta
Libellula lydia
Libellula luctuosa
Libellula pulchella
Macromia illinoisensis
Pachydiplax longipennis
Perithemis tenera
Stylogomphus albistylus
Sympetrum rubicundulum
Sympetrum vicinum
Tramea lacerata
Total

White Clay Creek State Park
A

B

C

D

E

F

G

H

I

J

K

Υ
Υ*
Υ
Υ
Υ

L

M

Υ
Υ

Υ
Υ

Υ
Υ

Υ

Υ

Υ
Υ
Υ

Υ

Υ
Υ
Υ
Υ

Υ
Υ
Υ

Υ

Υ
Υ

Υ

Υ
Υ

Υ
Υ
Υ

Υ

Υ*

Υ*
Υ

Υ
Υ

Υ
Υ

Υ
Υ
15

4

4

2

1

11

1

12

Υ
6

2

1

3

1

* Sight record only, no specimen collected, identification is presumed to be positive.

Noteworthy Species-Specific Results
• Macromia illinoiensis [S2]

Apparently, this species was first found in the park in 1974 (H. B. White, personal communication).
In WCCSP, it is only known from the main channel of White Clay Creek. Macromia illinoiensis is
a river cruiser (genus Macromia) and may be an indicator of good water quality. Ideally, M.
illinoiensis should be found patrolling up and down the park's rivers and streams in much higher
numbers. The paucity of records from WCCSP may be an indicator of low water and habitat
quality here. Siltation resulting from nearby housing developments, stream-bank erosion, and nonpoint source pollution, may pose a serious threat to the long-term viability of this species at
WCCSP.
• Gomphus villosipes [S2]

This species was found at tributary F. In Delaware, G. villosipes is presently known from two other
locations, both near Newark. Because this species is likely an indicator of good habitat quality, it
should be a high priority for protection and monitoring at WCCSP.
• Stylogomphus albistylus [S2]

Last recorded from WCCSP in 1972, S. albistylus was relocated in 1999 at survey site F patrolling
the open pond at the headwaters of this tributary. This species' only other known localities in
Delaware are within the Red Clay Creek Valley. The persistence of this species within this site for
nearly 30 years is encouraging, as S. albistylus is thought to occur in streams with fair to excellent
habitat quality (e.g., cool water, rocky and gravelly substrate). Tributary F, including the

86

Delaware Natural Heritage Program

White Clay Creek State Park

Chapter 4: Biological Surveys

associated pond at its headwaters, should be a primary tributary for protection from disturbance
related to heavy pedestrian and bicycle traffic.
• Cordulegaster erronea [S2]

Known from three sites in WCCSP, including a new locality found in 1999 (site J), C. erronea
should be a high priority species for protection and monitoring at WCCSP. This species should be
more widespread within the park and populations may have suffered due to poor water quality or
problems associated with erosion (including pedestrian and bicycle traffic). Identification and
subsequent control of sources of sedimentation at known and potential sites should be incorporated
into park conservation plans.
General Discussion - Odonates
While the relocation of four state-rare species was indeed encouraging, the paucity of records of these
species, and the lack of diversity at several survey sites is a cause for concern. Species such as M.
illinoinesis, C. erronea and G. villosipes should be far more widespread within the park. The lack of
these species from many sites potentially indicates serious habitat and water quality problems in
WCCSP. Even more troublesome is the absence of other sensitive species that are expected residents
within the park. Basiaeschna janata, C. bilineata, Helocordulia uhleri, Didymops transversa,
Chromagrion conditum, Ophiogomphus sp., and Tachopteryx thoreyi should, based on these species'
habitat requirements, occur within WCCSP (the latter, if found, would be a Delaware state record).
All of these species were absent during this survey and all are representatives of high habitat quality
(wetlands with low sedimentation rates, natural groundwater flow, lack of toxins, cool shaded streams,
and groundwater seeps). Site F, however, harbors three state-rare species and should be a high priority
for protection. Park management of pedestrian and bicycle traffic should specifically note this
tributary as a sensitive area.
Odonates can be used to discern water and local habitat quality. Lack of expected species, or low
species diversity, insinuates local habitat problems. Conservation of Odonata within WCCSP should
be a high priority and the Odonata fauna can provide a reliable indicator of the current condition of the
park's natural systems. Annual monitoring of rare species should be incorporated into park
management plans. Applied conservation action should first focus on preservation and management of
sites harboring rare species and high diversity and secondly on restoration of degraded areas
(management recommendations are outlined in Chapter 6). The presence of rare species within the
main channel of White Clay Creek (site A), sites F and J, and in other nearby areas of the mid-Atlantic
Piedmont, indicate source populations for these species may still be present to allow for recolonization
of restored wetlands. However, lack of rapid conservation action and restoration where the
opportunity arises (such as in a state park) may eventually contribute to region-wide extirpation of
some species.
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BUTTERFLY SURVEYS
The White Clay Creek area has always been an attractive site for Lepidoptera collection due to its
proximity to the University of Delaware. The juxtaposition of freshwater wetlands, forest, and fields
provides excellent habitat for the concentration of a suite of species. In order to determine the park's
species composition and identify potential occurrences for protection, historical information regarding
Lepidoptera was collected and intensive field surveys were undertaken by DNHP staff and a contract
Lepidopterist.

METHODS
Butterflies and skippers were collected from March through August. Sites were surveyed arbitrarily.
However, to increase the possibility of locating rare or uncommon species, effort was concentrated in
unique natural community types and areas harboring potential nectar sources. Additionally, data from
the University of Delaware insect collection were perused for specimens captured in WCCSP. Where
possible, host plants and important areas for protection are identified.

RESULTS & DISCUSSION
Forty-five species of butterflies and skippers were found occupying various habitats in WCCSP. A
complete list of Lepidoptera fauna found during this survey is found in Appendix 5. From field
surveys, two state-rare species were found: Mulberry Wing (Poannes massasoit) and Black Dash
(Euphyes conspicua). The
Table 14: Species expected from WCCSP but not encountered* during
1999.

Mulberry Wing represents only
the second state record of this

Common Name
Dreamy Dusky Wing
European Skipper
Pipevine Swallowtail
Black Swallowtail
Falcate Orangetip
American Copper
Holly Azure
Silvery Checkerspot*
Baltimore Checkerspot
Painted Lady
Hackberry Butterfly
Tawny Emperor
Northern Pearly-eye*

Scientific Name
Erynnis icelus
Thymelicus lineola
Battus philenor
Papilio polyxenes
Anthocharis midea
Lycaena phlaeas
Celastrina idella
Chlosyne nycteis
Euphydryas phaeton
Vanessa cardui
Asterocampa celtis
Asterocampa clyton
Enodia anthedon

State Rank
SU
S5
S2
S4
S4
S5
S5
S1
SZB
SU
SU

* Although no Delaware record exists, this species likely occurs at WCCSP.

species since 1919, and the
first in New Castle County
since that year. We found that
few historical records from the
University of Delaware were
pertinent because most labels
simply noted the nearest town
(Newark) and it could not be
determined whether or not
these records were from within

park boundaries. Numerous species expected to be found (based on available habitat and recent
records from ecologically similar sites), but not located during this survey, are noted in Table 14.
Although species presented in Table 14 were not encountered at WCCSP, the high diversity of species
presented in Appendix 5 indicates that WCCSP provides important habitat for a suite of butterfly and

88

Delaware Natural Heritage Program

White Clay Creek State Park

Chapter 4: Biological Surveys

skipper species and should be considered an important site for their long-term conservation. Most
Lepidoptera populations can be maintained or enhanced by protecting and restoring appropriate
habitat. Their persistence will depend on the limitation of pesticides, protection of open areas with a
variety of nectar sources, and the protection of host plants (see below). However, many Lepidoptera
species are host specialists and, consequently, they may be rare and in need of active management.
Perpetuation of nectar sources and host plants will be important for the conservation of Lepidoptera at
WCCSP. Large populations of Carex stricta in open marshes provide appropriate habitat for two
state-rare species: Black Dash and Mulberry Wing [currently Devil's Hole marsh (Fig. 2) is the only
known extant site for Mulberry Wing in Delaware, and consequently should be a high priority for
protection). Other nectar and host plants include the following: Sheep sorrel (Rumex acetosella) is an
adopted host plant for American Copper (Lycaena phylaeas); many hairstreaks (Hesperiidae) are
dependent upon oaks (Quercus spp.); turtlehead (Chelone glabra) can be important for Baltimore
Checkerspot (Euphydryas phaeton); nettle (Urtica dioica) and elms (Ulmus spp.) are important for
Polygonia spp.; hackberry (Celtis occidentalis) for Asterocampa spp., and bottlebrush grass (Elymus
hystrix) and plume grass (Erianthus sp.) for Northern Pearly-eye (Enodia anthedon).
In addition to Devil's Hole, four other sites have been identified as important nectaring areas. These
sites should be protected from frequent mowing. A mowing regime of once per year, preferably in late
fall, will be beneficial to plants and Lepidoptera at these sites:
1. Hopkins Bridge Road
Both sides of the road 100 m east of White Clay Creek. Clusters of tall thistle (Cirsium spp.) attract
Lepidoptera.
2. Pond at pump station
Several good stands of swamp milkweed (Asclepias incarnata), milkweed (Asclepias syriaca),
thistle, and buttonbush (Cephalanthus occidentalis).
3. Vegetation on road from Hopkins Bridge Road to Nature Center
Large growths of wildflowers attracts many skippers.
4. Creek Road (Tweed's Mill Road) between Hopkins Bridge Road and Wedgewood Road
The unpaved portion of this road provides moist sand and puddles and roadside herbaceous
vegetation attracting a suite of nymphalid and swallowtail butterfly species.
Noteworthy Species-Specific Results
• Mulberry Wing [S1B]

Last collected in New Castle County in 1919, the Mulberry Wing was found during this survey
occupying Devil's Hole marsh (Fig. 2). This was the first record of this species from the White
Clay Creek valley. The specimen represents the nominate form, not P. massasoit chermocki, which
is present on the southern part of the Delmarva Peninsula. The host plant for Mulberry Wing is
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Carex stricta (Burger & Gochfeld 1997). Devil's Hole maintains the only known extant site of this
species in Delaware. The rarity of this species justifies special management action aimed at habitat
protection, restoration, and protection from over-zealous amateur insect collectors (see below).
• Black Dash [S1B]

There are few Delaware records for this species. During this survey, the Black Dash was found
adjacent to the Gauging Station (Fig. 2) and represents a rare record for the White Clay Creek
valley. The species may also be found at Devil's Hole since its host plant, Carex stricta (Burger &
Gochfeld 1997), is common there. If present at Devil's Hole, management action recommended for
Mulberry Wing will also benefit Black Dash. This species should be monitored annually at
WCCSP. Although cursory surveys of Devil's Hole did not turn up this species in 1999, this site
should be a specific target for future inventory.
Conclusion - Butterflies
Conservation of the park's Lepidoptera fauna should incorporate the following: (1) protection and
restoration of Devil's Hole, (2) prohibit collection of skippers at Devil's Hole, (3) preservation of sites
1 through 4 noted above, (3) annual monitoring of Lepidoptera at WCCSP with an emphasis on
Mulberry Wing and Black Dash, (4) continue inventory for new occurrences of rare species including
four species not yet found at WCCSP: Pipevine Swallowtail (Battus philenor), Silvery Checkerspot
(Chlosyne nycteis), Baltimore Checkerspot (Euphydryas phaeton) and Northern Pearly-eye (Enodia
anthedon).
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C HAPTER 5: S UM MARY
As anticipated, the most important finding of this biological survey is that WCCSP is indeed important
to many species of plants and animals. Some of the most significant findings are listed below as
bulleted remarks. However, while it is true that habitats found in WCCSP are critical for many
species, it should be emphasized that the biodiversity and ecological integrity of WCCSP is severely
threatened by the spread of invasive alien plant species throughout much of the park. The most
disturbing aspect of this threat is that it is not confined to early successional habitats that typically
contain a high number of alien species; invasive plant species are also present, and presumably
spreading, throughout mature forests as well, particularly on the floodplain of White Clay Creek.
Other problems related to habitat quality, including forest fragmentation and wetland degradation, are
also partially affected by invasive non-native species. For example, reforestation of selected old fields
will be difficult because of the extensive growth of non-native shrubs (e.g., multiflora rose, Oriental
bittersweet) already occupying these areas, and some wetlands are being invaded by herbaceous nonnative species (e.g., Japanese stilt grass). While the threat from invasive species is the most serious,
there are other significant threats to biological components of White Clay Creek and these are listed
below after Significant Findings.

S IGNIFICANT F INDINGS
The following is a summary of significant findings from fields surveys (natural communities, plants,
and selected animals) conducted by the DNHP within WCCSP in 1999. This list also includes
findings from previous field surveys for selected plants and animals conducted by other individuals or
organizations. References to sections in the text, tables, figures, or appendices where more
information can be found are noted where applicable. These findings are numbered simply for ease in
referencing in the future; the order in which they appear below is the same order they appear in the text
and does not imply order of importance, nor is this list a completely exhaustive summary of our results
(see Chapter 4 for additional findings).
1) Approximately 84% of the terrestrial areas of the park are classified as poor-quality in terms of
vegetation composition (see Natural Community Survey Discussion above).
2) Approximately 75% of the park is forested (including both poor- and good-quality forest); the
remaining 25% is primarily comprised of fields, pastures, hedgerows, and thickets (Fig. 4).
3) Eight (8) natural communities were identified during 1999, including four forest communities and
four herbaceous communities (Table 1). One additional herbaceous community was identified
during a previous DNHP survey of this site (see Natural Community Descriptions above).
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4) One forest community and two herbaceous communities are considered rare in the state; one
herbaceous community is uncommon in the state and one is considered an unusual occurrence for
the Piedmont region (see Natural Community Descriptions above).
5) One herbaceous wetland community, a stream valley seepage wetland known locally as Devil’s
Hole, is particularly significant because it is comprised of a unique assemblage of wetland plants
that is considered rare in Delaware and in Maryland, and it contains several rare plant (vascular
and non-vascular) and animal species including a rare butterflies that are specifically dependent on
plants found at this site (see Natural Community Descriptions above).
6) The state champion chestnut oak (Quercus prinus) tree (40 in dbh and 93 ft tall) was identified in
the Chestnut Oak forest community of Judge Morris Estate (see Natural Community Descriptions
above).
7) Seven hundred ninety-seven (797) species and varieties of vascular plants have been identified in
the park (1988-1999), which includes 558 native species and 239 non-native species (30% of
flora), 35 of which are considered invasive (Appendix 2 and 3).
8) Eighty-two (82) rare species have been documented at WCCSP, 81 of which are known from
White Clay Creek valley, and 11 of which are found no where else in the state (Appendix 2).
9) Of the 82 rare plants identified in WCCSP over the past decade, two are of particular concern:
Gentiana andrewsii (fringe-top bottle gentian; S1) is known from only two sites in Delaware and,
at WCCSP, this species has not been seen in several years as a result of invasive species; and
Platanthera peramoena (purple fringeless orchid; S1.1) is only known from one site in Delaware
(i.e., WCCSP) but has not been seen here since 1997 (also as a result of invasive species; see
Chapter 4, Botanical Surveys, Rare Vascular Plants).
10) Invasive alien plant species pose the greatest threat to native plants and natural plant communities;
of the nine priority invasive species identified, Japanese stilt grass (Microstegium vimineum) poses
the greatest threat (see Chapter 4. Botanical Surveys, Alien Plant Species above; Appendix 3).
11) A high diversity of bryophytes was identified: 88 species and varieties, compared to 50 species
identified in the Great Cypress Swamp Conservation Area (GCSCA) in Sussex County – even
though GCSCA is nearly four times as large. This illustrates the high diversity of habitat
(particularly forested ravines and valleys and rock outcrops) for bryophytes at WCCSP (Appendix
4).
12) Eighty-eight (88) bird species are considered to comprise the breeding season avifauna (Table 7).
13) One hundred eighty (180) birds have been reported from WCCSP (122 reported in 1999, 58
reported by other sources prior to 1999 surveys; Appendix 5 and Tables 8 and 9, respectively).
14) Ten (10) bird species of high conservation concern were found during the breeding season in
WCCSP in 1999; three additional species of high conservation concern were found breeding here
in previous years.
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15) Compared to the number of bird species of high conservation concern found nesting in the
GCSCA (i.e., 12), the number found in WCCSP is rather impressive considering that the GCSCA
is nearly four times as large. This emphasizes the importance of this site to forest-dependent bird
species (Tables 7 and 8).
16) Four forest-interior dependent warblers known to breed within WCCSP are extremely rare
elsewhere in the state: Cerulean Warbler, American Redstart, Northern Parula, and Hooded
Warbler (see Avian Surveys above).
17) WCCSP is the only site in Delaware where Cerulean Warblers nest reliably (see Avian Surveys;
Noteworthy Species-Specific Results above).
18) The American Redstart’s population stronghold in Delaware appears to be WCCSP (see Avian
Surveys; Noteworthy Species-Specific Results above).
19) The Northern Parula, which has nearly disappeared from the Coastal Plain region of the state in
recent years, is sporadically distributed in WCCSP’s forests (see Avian Surveys; Noteworthy
Species-Specific Results above).
20) Forty (40%) of bird nests found in 1999 were located in non-native plant species (e.g., multiflora
rose) (Table 10).
21) Thirty (30) species of herpetiles (reptiles and amphibians), including nine state-rare (S1-S2) and
uncommon (S3) species (one of which is federally listed), have been identified in WCCSP
(Appendix 5).
22) WCCSP likely maintains the most viable population of Longtail salamander in Delaware (see
Herpetile Surveys, Noteworthy Species-Specific Results above).
23) The population of the Milk snake at WCCSP represents the nominate form (another subspecies is
restricted to the Coastal Plain region of the state), and WCCSP may maintain the best habitat for
this form in Delaware (see Herpetile Surveys, Noteworthy Species-Specific Results above).
24) No freshwater mussels were found in White Clay Creek or any of its tributaries, even though we
expected to find them here; specimens of native mussels were found in the 1970s in the
Pennsylvania portion of the watershed (see Freshwater Mussels above).
25) Twenty-three (23) species of freshwater fish have been recently reported from the Delaware
portion of White Clay Creek north of Newark, including two rare species (Appendix 5).
26) Many species of fish that should have been common were not (see Fish above).
27) Twenty-eight (28) species of Odonata (damselflies and dragonflies), including four state-rare
species, were identified at WCCSP (Appendix 5)
28) Many species of Odonata that are sensitive to wetland and water quality degradation were missing
from the fauna collected at WCCSP (see Odonate Surveys above).
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29) Many of the sites sampled had a low diversity of Odonata: nine of 13 sites surveyed had less than
five species (Table 13).
30) Only three sites had more than ten Odonata species with 15, 12, and 11 species, respectively
(Table 13); one site, a tributary of White Clay Creek, had three rare species.
31) Forty-five (45) species of Lepidoptera (butterflies and skippers), including two state-rare species,
were identified. One state-rare species found represents only the second state record since 1919,
and represents the first observation of this species in New Castle County since 1919 (Appendix 5).

T HREATS
In addition to being recognized here as threats to the biological resources of WCCSP, the following
threats were also recognized as “sources of impact” to the living resources within the entire Piedmont
basin (Delaware Department of Natural Resources and Environmental Control 1997):
1. Invasive alien species – By far, invasive alien plant species pose the greatest threat to native plant
species and native plant communities in WCCSP. Among the nine species that are listed as a
priority for management action, Microstegium vimineum (Japanese stilt grass) presents the greatest
threat. The threat posed by invasive species is considered extremely important for several reasons.
The most significant are:
(a) Many species of rare plants may be extirpated from the park (and hence from the state) as
a result of invasive species dominating the habitats in which they grow, outcompeting
them for resources such as light and nutrients. Several species have already disappeared
apparently as a result of invasive alien species (e.g., Gentiana andrewsii, Platanthera
peramoena). The threat of alien plants to native species has been acknowledged by
others. For example, according to Bryant (1999), alien species are a factor contributing to
the endangered or threatened status of 42% of animals and plants on the US endangered
species list, and Westbrooks (1999) estimates that nearly 67% of all endangered species
are threatened by invasive alien species.
(b) Natural plant communities may become so highly infested with invasive alien plants that
there may be a concurrent loss in plant species diversity and presumably in the loss of
other taxa as well (e.g., invertebrates). Invasive species are a major threat to biodiversity,
second only to habitat loss (Bryant 1999; Westbrooks 1998).
*** It should also be noted that despite the threat to native plants and plant communities,
many bird species of conservation concern have adapted to their presence and currently
nest within a variety of non-native plants found at WCCSP. Attempts to control non-
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native plants must be approached with caution and consideration toward avoiding impacts
to these species (see Avian Surveys above and Chapter 6 for specific issues related to
birds and non-native plant removal).***
2. Erosion / sedimentation – The absence of species widely recognized as indicators of good water
quality (e.g., freshwater mussels, odonates, native freshwater fish) indicates that wetlands and
riverine habitats within WCCSP are highly degraded. Severe erosion of stream banks and
resulting sedimentation are acknowledged as problems within this watershed (Delaware
Department of Natural Resources and Environmental Control 1997). Further development (and
increased areas of impervious surfaces) within the watershed could worsen the threats to aquatic
species by increasing the stormwater runoff and exacerbating the existing levels of erosion and
sedimentation. Riparian buffer protection and restoration will likely be necessary to help alleviate
this threat. High-impact recreation activities (as discussed below) can also contribute to erosion.
3. Recreation – Although recreation is recognized as an important component of the goals of the
Division of Parks and Recreation, DNHP surveys indicate that certain types of recreation (e.g.,
mountain biking, horseback riding) can be particularly damaging to sensitive habitats and rare
species. Aside from crushing individual plants or animals (e.g., reptiles or amphibians), these
types of recreation can also pose a threat to wetland and stream habitats by increasing
sedimentation. Furthermore, there are several sensitive features that are attractive to mountain
bikers, hikers and other park visitors. Rock outcrops, for example, are important habitat for many
species of bryophytes, but are often attractive to hikers and other park visitors that enjoy climbing
and sitting on them. Rock outcrops are restricted to the Piedmont region of the state and many
bryophyte species that are restricted to rock surfaces are rare or uncommon in the state. Excessive
trampling on rock outcrops poses a threat to the bryophyte diversity of WCCSP. Likewise, steepsided ravines are often targeted by mountain bikers, which can cause excessive wear on (and
compaction of) the soil and rocks that many rare species are associated with in this habitat. Soil
erosion, deep ruts, and widening trails are serious problems caused by mountain bike use, and
without some restraint on where this activity is allowed, these problems could be extremely
destructive to the natural communities, plants, and animals of WCCSP.
4.

Forest fragmentation – Unlike the previously mentioned “threats” to biological resources, forest
fragmentation is not presently increasing within the park, however, the effects of past
fragmentation are having a considerable impact on the current status of the biodiversity in
WCCSP. While 75% of WCCSP is forested, the landscape within the park resembles a mosaic of
forest fragments interspersed with fields, hedgerows, and thickets. Many species that are forestdependent, particularly birds, require large, contiguous, heterogeneous tracts of closed-canopy
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forests (both mature and second-growth forests). Although we did document several species of
forest-interior dependent birds at WCCSP, it is difficult to determine which species maintain
viable populations. In its current condition, WCCSP may serve as a sink for some forestdependent bird species, rather than a source. However, with reforestation of fields that are
otherwise unnecessary (e.g., those that cannot provide suitable habitat for grassland birds), this
patchwork of forest habitats can be joined to form a larger contiguous forest unit with an increased
area of interior. It is anticipated that many species, including many forest-interior plants that are
ant-dispersed (and therefore cannot reach isolated forested fragments; see Natural Community
Surveys, Upland, Forest Fragmentation above), would benefit from this improvement to forest
habitat quality at WCCSP.
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C HAPTER 6: M ANAGEMENT R ECOMMENDATIONS
Amidst a landscape that is rapidly being developed, WCCSP provides refuge for many species of
conservation concern (Fig. 9). Though the majority of the forests found within WCCSP are far from
pristine (84% are considered poor quality with respect to vegetation composition), much of it (75% of
the park is forested) provides important habitat for many species of birds. Furthermore, many rare
species of all taxa depend on the variety of habitats (dry upland forests, steep-sided ravines, valleys,
rock outcrops, streams, seepage wetlands, vernal pools, gravel bars) found in the park. Management
of this park for biological resources will be challenging, primarily due to the sheer diversity of taxa
identified at this site, particularly species of conservation concern. However, another significant
challenge for park managers is the pervasiveness and abundance of invasive alien species, many of
which are difficult to control, much less eradicate. In addition, stream erosion and sedimentation have
already severely degraded aquatic habitats of White Clay Creek, and several aquatic species are now
missing from stream and wetland fauna, possibly as a result of these problems. Problems caused by
certain recreation activities also need to be addressed, and though not actively taking place today at
WCCSP, forest fragmentation from past land-use activities is currently affecting biological resources
in the park. Developing a management plan would be overwhelming if one was left to consider all of
the issues presented throughout the text of this report. To make this process more manageable, we
have outlined and summarized the major management recommendations referred to in the Biological
Survey sections of this report.
Management of the biological resources of WCCSP will require both protection and restoration
efforts. Protection efforts are needed in order to prevent further degradation of habitat; restoration of
areas that are already degraded is critical for reviving lost populations and maintaining and increasing
existing populations. Many of the recommendations listed below may fall under either category of
protection or restoration. Locations of rare plant species that are referenced in the following
recommendations can be found on the map associated with Addendum 1, and more detailed
information regarding specific recommendations for each can be found in Chapter 4 in the section on
Rare Vascular Plants.
1) Control invasive alien plant species to protect diversity of natural plant communities and habitat
for species of conservation concern.
• Develop an invasive species control / eradication program.
• Hire a staff person knowledgeable in identifying invasive species and applying

management techniques to control them.
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• Monitor good-quality forests (Fig. 4) for invasive species and apply control

measures as necessary.
• Species-specific management guidelines can be found at a website maintained by

the The Nature Conservancy (2000).
• Address management (develop plan and begin control) for nine priority invasive

species immediately (see Chapter 4, Botanical Surveys, Alien Plant Species)
a) Japanese stilt grass (Microstegium vimineum) – HIGHEST PRIORITY
b) Norway maple (Acer platanoides)
c) garlic mustard (Alliaria petiolata)
d) Oriental bittersweet (Celastrus orbiculata)
e) autumn olive (Eleagnus umbellata)
f) purple loosestrife (Lythrum salicaria)
g) mile-a-minute (Polygonum perfoliatum)
h) lesser celandine (Ranunculus ficaria)
i)

multiflora rose (Rosa multiflora)

• Address management of other selected invasive species:

a)

Remove weeping love-grass (Eragrostis curvula) along Chambers Rock
Road bridge.

b)

Control Japanese honeysuckle (Lonicera japonica) and multiflora rose
(Rosa multiflora) in Devil’s Hole marsh (Fig. 2).

c)

Eradicate floating seedbox (Ludwigia peploides ssp. glabrescens) from
fishing pond (odonate survey site “I”) near Paper Mill Road in section 12
(see Fig. 3).

• Control invasive species to protect the following rare plants (see Rare Vascular

Plants section above for more detailed information). The DNHP Botanist should
be consulted if there is any question regarding the exact location of these species
(see also Addendum 1 for rare plant locations):
a) Botrychium matricariifolium (chamomile grape-fern) – Specific threat:
autumn olive
b) Crystopteris protrusa (lowland brittle fern) – Specific threat: multiflora
rose and others
c) Carex bromoides (brome-like sedge)
d) Heliopsis helianthoides (ox-eye) – Specific threat: multiflora rose and
others
e) Liparis liliifolia (large twayblade) – Specific threat: autumn olive,
Japanese stilt grass and others
f) Platanthera peramoena (purple fringeless orchid) – Specific threats:
Japanese stilt grass (see also woody plant invasion below)
• Conduct invasive species control activities outside of bird breeding season (August

– March) where possible. Otherwise, for species (e.g., annual herbaceous species)
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that may require control during periods that coincide with breeding activity of
birds, consult with the DNHP to determine how to minimize impacts.
• Prior to implementing site-specific control measures for invasive species in

forested areas, the Division of Parks and Recreation should consult with the DNHP
Zoologist to determine how to minimize impacts to critical nesting habitat for
forest-dependent birds. This may include collection of site-specific avian
information prior to eradication of invasives (see Chapter 4, Avian Surveys for
more information).
2) Protect streams and other wetland habitats from erosion and sedimentation.
• Identify sources of sedimentation
• Restore forested buffers along streams and around wetland habitats
• Encourage coordination with Pennsylvania to identify and control erosion and

sedimentation along length of White Clay Creek
3) Control woody plant invasion in Devil’s Hole marsh and other habitats to protect rare plant
communities and rare species listed below (see Chapter 4, Rare Vacscular Plants for specific
locations of rare plants).
• Devil’s Hole marsh – remove red maple (Acer rubrum) to maintain habitat for rare

plant community, state-rare Mulberry wing, Carex trichocarpa (hairy-fruit sedge),
and others
• Gentiana andrewsii (fringe-top bottle gentian)
• Carex trichocarpa (hairy-fruit sedge)
• Platanthera peramoena (purple fringeless orchid)
• Cerastium nutans (nodding chickweed)

4) Develop a management plan for high-impact recreation activities (i.e., those that cause excessive
damage to soil and vegetation) such as mountain biking and horseback riding, and address issues
related to impacts of passive recreation on habitat degradation.
• Exclude high-impact recreation activities from good-quality forests, riverine and

wetland habitats, and steep-sided forested ravines
• Improve and maintain hiking trails throughout the park to prevent further erosion

and habitat degradation
5) Reduce forest fragmentation and maintain contiguous, heterogeneous tracts of closed-canopy
mature and second-growth forest.
• Reforest fields that do not have potential for maintaining grassland birds (Fig. 10)
• Acquire contiguous (adjacent) tracts of unprotected forest
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6) Protect and restore unique habitats (herbaceous wetlands, rock outcrops, steep slopes) that
harbor rare species.
• Restore forest buffers around herbaceous wetlands, including placement of large

woody debris throughout buffer to provide cover for herpetiles
• Control woody plant invasion in herbaceous wetlands (Devil’s Hole marsh)
• See also Recommendation number 4) above.

7) Protect Bog turtles and their habitats.
• Develop detailed management plan for park’s turtle population
• Protect sites known to harbor bog turtles from habitat degradation, disruption in

hydrologic regime, and pedestrian, horse, and bicycle traffic
• Restore potential bog turtle habitats including active control of alien and woody

species plant encroachment
• Initiate and maintain vigilance for illegal collecting of bog turtles
• Increase inventory and monitoring of extant populations
• Restore and protect of a network of safe travel corridors between habitats to ensure

dispersal of individuals
8) Initiate and maintain vigilance for illegal collection of herpetiles, butterflies, and rare plants.
9) Restore stream habitat for aquatic fauna.
• Consider lowering or removal of dams
• Construct fish ladders at dam sites
• Establish cover for native fish (logs or permanent small log dams)
• Restore forest buffers along streams

10) Maintain fields identified as having potential to support grassland birds by mowing once per year
in the fall (Fig. 10). [NOTE: see Chapter 4, Avian Surveys, Grassland Bird Surveys for
explanation of why it is important to include these species in a management plan for the park.]
11) Contact DNHP prior to major road or trail construction and maintenance activities within the
park for information on potential impacts to rare species and communities.
12) Coordinate with the Division of Fish and Wildlife to develop a deer management plan for
WCCSP.
13) Use the following guidelines to protect rare species and butterfly nectar sources when conducting
regularly planned mowing within the park:
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• Carex bushii (Bush’s sedge) – reduce mowing at this site (moist swale / field in

northwest corner of section 6; see Addendum 1) to only once per year in the fall
(e.g., November)
• Heliopsis helianthoides (ox-eye) – once invasive species controlled, reduce

mowing at this site (Chambers Rock Road parking lot; see Addendum 1) to once
per year in the fall (e.g., November)
• Sites that contain concentrations of nectaring sources that attract butterflies should

be mowed once per year in the fall (e.g., November) (see Chapter 4, Butterfly
Surveys for specific locations).
14) Protect and conduct annual monitoring for selected rare species.
15) Coordinate with Pennsylvania on the management of biological resources in the White Clay
Creek Bi-state Preserve.
• Encourage biological inventory of Pennsylvania portion of bi-state preserve
• Develop bi-state management plan
• Create a map of entire bi-state reserve

White Clay Creek State Park has always been valued by many as a place to escape the monotonous
suburban scene or the manic urban atmosphere and be surrounded by a natural serenity. By the same
token, many of these same people probably have very little knowledge regarding the fundamental
biological components that make WCCSP the natural area they treasure. Although this understanding
is not a prerequisite for enjoying the natural amenities provided by WCCSP, it does help one gain a
greater understanding and appreciation for its importance. In fact, until this information was compiled
in this report, those responsible for managing the resources of WCCSP had limited knowledge of the
specific importance of this area to the plants and animals that depend upon it. This is precisely why
this work was initiated and supported by the Division of Parks and Recreation. With the information
provided in this report, the Division will be better able to develop plans for balancing the management
of the park’s natural resources with the recreational and cultural needs of park patrons. Furthermore,
this information can also be used to further educate park visitors on the critical importance of WCCSP
as a natural area and a refuge for the biological components that rely on the park’s forest and wetland
habitats amid a rapidly developing landscape.
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Figure 1: Location of White Clay Creek State Park.
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Figure 2: Features of White Clay Creek State Park.
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Figure 3: Locations of survey sites.
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Figure 4: Land-cover classification and natural communities.
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Figure 5: Areas of high bryophyte diversity and plant survey sites.
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Figure 6: General distribution of rare plants.
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Figure 7: Noteworthy avian observations.
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Figure 8: Noteworthy reptile and amphibian habitats.
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Figure 9: Densities of S1-S3 plants and S1 and S2 animals.
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Figure 10: Areas of recommended grassland maintenance and forest restoration.
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A PP E N D I X 1: Natural Heritage Ranking System
The Delaware Natural Heritage Program (DNHP) uses the heritage ranking scheme developed by The
Nature Conservancy. This ranking system is used by natural heritage programs in all 50 states, The
Nature Conservancy, Conservation Data Centers and their network cooperators worldwide, and is
being adopted by the federal government. Heritage ranks are assigned to all species in monitored taxa.
Each species is given a state rank to reflect the degree of rarity within the state, and a global rank to
indicate degree of rarity worldwide. Heritage ranks are also assigned to natural communities, but
because the national community classification is not yet fully developed, global ranks are not available
for all communities. State and global ranks are used to prioritize conservation efforts so that the rarest
species and natural communities receive more immediate protection. In general, ranks are determined
by the number of known occurrences (or populations) of a particular species or natural community.
Ranks are determined through field investigations and consensus in the scientific community. The
DNHP maintains an electronic database for species and communities that are considered globally or
state rare by the DNHP (i.e., species ranked G1-G3 and/or S1-S2). The following are definitions of
both the state and global ranking systems:

GLOBAL RANK
G1

Imperiled globally because of extreme rarity (i.e., typically 5 or fewer occurrences
worldwide), or because of other threats to the existence of the species or natural community.

G2

Imperiled globally because of extreme rarity (i.e., typically 6 to 20 occurrences worldwide), or
because of other threats that make the species or natural community particularly vulnerable to
extinction throughout its range.

G3

Found only locally in a restricted range, or local throughout its entire range because of rarity,
or because of other threats that make the species or natural community particularly vulnerable
to extinction throughout its range. Approximately 21 to 100 occurrences worldwide.

G4

Apparently globally secure, though quite rare in parts of its range, particularly at the periphery.

G5

Globally secure, but may be uncommon on a local basis.

GH

Historically known, but not verified for an extended period (usually 15+ years); there are
expectations that the species may be rediscovered.

GX

Extinct or presumed extinct. All historical locations and/or potential habitats have been
surveyed with no expectation that it will be rediscovered.

GU

Status uncertain. Usually an uncommon species which is believed to be of conservation
concern, but there is inadequate data to determine the degree of rarity.

G?

To date, no rank has been assigned.
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GNE

Non-native in the United States (introduced through human influence); not a part of the native
flora or fauna (e.g., Japanese honeysuckle).

GW

Weedy vegetation or vegetation dominated by invasive alien species (this rank is only applied
to natural communities).

GM

Vegetation resulting from management or modification of natural vegetation. It is readily
restorable by management or time and/or the restoration of original ecological processes (this
rank is only applied to natural communities).

Q

If a taxon is treated as a full species, a "Q" can be added to the global rank to denote its
questionable taxonomic assignment.

T

Denotes that the infraspecific taxon is being ranked differently than the full species.

STATE RANK
S1

Extremely rare (i.e., typically 5 or fewer occurrences statewide), or may be susceptible to
extirpation because of other threats to its existence.

S1.1

Only a single occurrence or population of the species is known to occur. (this rank is only
applied to plants.)

S2

Very rare, (i.e., typically 6 to 20 occurrences statewide), or may be susceptible to extirpation
because other threats to its existence.

S3

Rare to uncommon, not yet susceptible to extirpation but may be if additional populations are
destroyed. Approximately 21 to 100 occurrences statewide.

S4

Common, apparently secure in the state under present conditions.

S5

Very common, secure in the state under present conditions.

SH

Historically known, but not verified for an extended period (usually 15+ years); there are
expectations that the species may be rediscovered.

SX

Extirpated or presumed extirpated from the state. All historical locations and/or
potential habitat have been surveyed.

SU

Status uncertain within the state. Usually an uncommon species which is believed to be of
conservation concern, but there is inadequate data to determine the degree of rarity.

S?

To date, no rank has been assigned.

SE

Non-native in the state (introduced through human influence); not a part of the native flora or
fauna.

SR
SRF

Reported from the state, but no evidence exists for accepting or rejecting the report.
Reported falsely from the state but the report persists in the literature.
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SA

Accidental, enters the state only occasionally.

SC

Casual, enters the state on a periodic basis but there is no evidence of reproduction, or
potential reproductive habitat does not exist within the state.

SW

Weedy vegetation or vegetation dominated by invasive alien species (this rank is only applied
to natural communities).

SM

Vegetation resulting from management or modification of natural vegetation. It is readily
restorable by management or time and/or the restoration of original ecological processes (this
rank is only applied to natural communities).

B or N Qualifiers used to denote breeding and nonbreeding status, respectively, in the state.
For long distance migrant animals, breeding status may be very different than nonbreeding
status (i.e., a species that winters commonly in Delaware may be a rare breeder in the state).
For example, the Northern Harrier (Circus cyaneus) is a common winter resident but a very
rare breeder and therefore is ranked S1B,S4N.
Z
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Qualifier used to denote species which regularly migrate or winter in Delaware, but do not
maintain definable occurrences during such periods. For Lepidoptera, however, a SZB rank
can be assigned to those individuals that regularly migrate through the state and breed in the
state, but no individuals survive to maturity.
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A PP E N D I X 2: Vascular plants of White Clay Creek State Park, New Castle Co., Delaware. Abundance ranks apply only to WCCSP (see Table 2).
State
Rank
S5
SE
SE
S5
S5
S4

alien
alien

Abundance
Rank
5
1
4
5
3
1

alien

4

PH

Marshes

4
3
1
1

PH
APH
APH
APH

Marshes
Marshes
Marshes
Streams, ponds, marshes

1
2

AH
AH

Fields, pastures
Fields, pastures

S5
S4
S4
S5

3
3
3
5

DS
DS
DS
WV

Dry fields, thickets
Thickets, old fields
Fields, old, thickets
Woods, thickets, fields

S5

1

DS

Low woods

1
1
1
4
5
5
3
1

PH
PH
PH
BH
PH
BH
PH
PH

Disturbed woods, waste places
Marsh edges
Swamps, marshes
Low fields, roadsides
Woods
Fields, roadsides, waste places
Floodplain woods
Wooded springs and seeps

Family
ACERACEAE
Maple Family

Scientific Name
Acer negundo var. negundo
Acer palmatum
Acer platanoides
Acer rubrum var. rubrum
Acer saccharinum
Acer saccharum var. saccharum

Common Name
box elder
Japanese maple
Norway maple
red maple
silver maple
sugar maple

ACORACEAE
Sweet-flag Family

Acorus calamus

European sweetflag

SE

ALISMATACEAE
Water-plantain Family

Alisma subcordatum
Sagittaria australis
Sagittaria latifolia var. latifolia
Sagittaria latifolia var. pubescens

broadleaf water-plantain
longbeak arrowhead
broadleaf arrowhead
hairy arrowhead

S5
S4
S5
S5

AMARANTHACEAE
Amaranth Family

Amaranthus retroflexus
Amaranthus spinosus

red-root amaranth
spiny amaranth

SE
SE

ANACARDIACEAE
Cashew Family

Rhus copallinum
Rhus glabra
Rhus hirta
Toxicodendron radicans

winged sumac
smooth sumac
staghorn sumac
poison ivy

ANNONACEAE
Custard-apple Family

Asimina triloba

pawpaw

APIACEAE
Carrot Family

Aegopodium podagraria
Angelica atropurpurea
Cicuta maculata
Conium maculatum
Cryptotaenia canadensis
Daucus carota
Heracleum maximum
Hydrocotyle americana

Bishops goutweed
great Angelica
spotted water-hemlock
poison-hemlock
Canada honewort
wild carrot
cow parsnip
American water-pennywort

SE
S1.1
S5
SE
S5
SE
S4
S5

Status

alien
alien

alien
rare
alien
alien

Growth
Form†
DT
DT
DT
DT
DT
DT

Habitat
Floodplain woods and thickets
Woods, thickets
Woods
Woods
Floodplain woods
Rich woods

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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APIACEAE
Carrot Family (con’t)
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State
Rank
S2
S4
SE
SE
S4
S4
S2

Scientific Name
Osmorhiza claytonii
Osmorhiza longistylis
Pastinaca sativa
Pimpinella saxifraga
Sanicula canadensis
Sanicula odorata
Zizia aurea

Common Name
anise flavored sweet-Cicely
sweet-Cicely
wild parsnip
burnet-saxifrage
short-styled sanicle
odoriferous snake-root
common Alexander's

APOCYNACEAE
Dogbane Family

Apocynum cannabinum
Vinca minor

clasping-leaf dogbane
periwinkle

S5
SE

AQUIFOLIACEAE
Holly Family

Ilex crenata
Ilex opaca
Ilex verticillata

Japanese holly
American holly
black holly

SE
S5
S5

ARACEAE
Arum Family

Arisaema dracontium
Arisaema triphyllum ssp. triphyllum
Symplocarpus foetidus

green dragon
swamp Jack-in-the-Pulpit
skunk cabbage

S2
S5
S5

ARALIACEAE
Ginseng Family

Aralia nudicaulis
Aralia racemosa
Aralia spinosa
Hedera helix
Panax trifolius

wild sarsaparilla
American spikenard
Hercules club
English ivy
dwarf ginseng

S5
S3
S5
SE
S4

ARISTOLOCHIACEAE
Birthwort Family

Aristolochia serpentaria
Asarum canadense

Virginia snakeroot
Canada wild-ginger

S4
S5

ASCLEPIADACEAE
Milkweed Family

Asclepias exaltata
Asclepias incarnata ssp. pulchra
Asclepias purpurascens
Asclepias syriaca
Asclepias tuberosa ssp. tuberosa
Asclepias viridiflora

poke milkweed
swamp milkweed
purple milkweed
Kansas milkweed
butterfly milkweed
green milkweed

S2
S5
S2
S5
S5
S4

Asplenium platyneuron

ebony spleenwort

S5

ASPLENIACEAE
Spleenwort Family

rare

Abundance
Rank
1
4
1
1
4
4
1

alien

5
4

PH
PH

Fields, thickets
Roadsides, waste places

alien

2
2
4

DS
ET
DS

Woods
Woods
Low woods, swamps

rare

2
5
5

PH
PH
PH

Floodplain woods and thickets
Woods
Swamps, seeps

3
3
1
3
3

PH
PH
DT
WV
PH

Dry woods
Rich wooded slopes
Low woods
Roadsides, waste places
Floodplain woods

1
3

PH
PH

Rich dry woods
Rich woods

1
3
1
4
1
3

PH
PH
PH
PH
PH
PH

Rich woods, wooded banks
Marshes, wet fields
Rich wooded roadside bank and ditch edge
Fields, roadsides, waste places
Dry fields
Dry fields

4

F

Thickets

Status
rare
alien
alien

rare
alien

rare
rare

Growth
Form†
PH
PH
BH
PH
BH
PH
PH

Habitat
Rich woods
Rich woods
Fields, roadsides, waste places
Fields, roadsides, waste places
Woods
Rich woods
Wooded roadside bank

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Family
ASTERACEAE
Aster Family

Scientific Name
Achillea millefolium
Ambrosia artemisiifolia
Ambrosia trifida
Antennaria howellii ssp. neodioica
Antennaria neglecta
Antennaria parlinii ssp. parlinii
Antennaria plantaginifolia
Anthemis cotula
Arctium lappa
Arctium minus
Artemisia annua
Artemisia vulgaris
Aster cordifolius var. cordifolius
Aster divaricatus
Aster fragilis
Aster lanceolatus ssp. lanceolatus
Aster lateriflorus
Aster novae-angliae
Aster patens
Aster paternus
Aster pilosus var. pilosus
Aster puniceus
Aster schreberi
Bidens aristosa
Bidens bipinnata
Bidens cernua
Bidens connata
Bidens frondosa
Carduus nutans
Centaurea biebersteinii
Chrysopsis mariana
Cichorium intybus
Cirsium arvense
Cirsium discolor
Cirsium pumilum
Cirsium vulgare
Conyza canadensis var. canadensis
Eclipta prostrata

Appendix 2: Vascular Plants

Common Name
common yarrow
ragweed
great ragweed
pussytoes
field pussytoes
pussytoes
plantain-leaf pussytoes
Mayweed
great burdock
lesser burdock
annual wormwood
common wormwood
heart-leaf aster
white wood aster
small white aster
eastern lined aster
globlet aster
New England aster
late purple aster
stiff aster
hairy heath aster
swamp aster
Schreber's aster
tickseed beggar-ticks
Spanish-needles
nodding beggar-ticks
purple-stem swamp beggar-ticks
devil's beggar-ticks
musk thistle
spotted starthistle
Maryland golden aster
chicory
creeping thistle
field thistle
pasture thistle
bull thistle
Canada horseweed
false-daisy

State
Rank
SE
S5
S5
S1
S4
S4
S5
SE
SE
SE
SE
SE
S5
S4
S4
S5
S4
S4
S4
S4
S5
S5
S2
SE
S4
S4
S4
S5
SE
SE
S5
SE
SE
S4
S4
SE
S5
SE

Abundance
Rank
4
5
4
1
rare
3
3
3
1
alien
1
alien
3
alien
3
alien
4
alien
4
5
1
4
3
1
1
1
5
4
1
rare
1
adventive
2
1
3
4
1
alien
1
alien
2
3
alien
5
alien
4
2
3
alien
5
3
alien
Status
alien

Growth
Form†
PH
AH
AH
PH
PH
PH
PH
AH
BH
BH
AH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
AH
AH
AH
AH
AH
BH
BH
PH
PH
PH
BH
BH
BH
AH
AH

Habitat
Fields, roadsides, waste places
Fields, roadsides, waste places
Thickets, streamsides, waste places
Dry fields, roadbanks
Dry fields, roadbanks
Dry fields, roadbanks, barrens
Dry fields, roadbanks
Roadsides, waste places
Thickets, waste places
Fields, thickets, waste places
Waste places, railroad banks
Fields, roadsides, waste places
Rich woods and thickets
Dry woods
Moist fields and swamps
Fields
Fields
Fields, streamsides
Dry fields
Open dry rocky woods
Fields
Low fields, streamsides
Rich rocky woods and wooded banks
Low fields, waste places
Dry fields, roadbanks
Gravel bars
Stream banks, pond edges
Fields, thickets, waste places
Fields, pastures
Fields
Dry fields, banks, roadsides
Roadsides, fields, waste places
Fields, waste places
Fields, thickets
Dry fields
Fields, pastures
Fields, roadsides, waste places
Streamsides, waste places

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Family
ASTERACEAE
Aster Family (con’t)

Appendix 2: Vascular Plants

Scientific Name
Erechtites hieraciifolia
Erigeron annuus
Erigeron philadelphicus
Erigeron pulchellus var. pulchellus
Erigeron strigosus
Eupatorium fistulosum
Eupatorium hyssopifolium
Eupatorium perfoliatum
Eupatorium pubescens
Eupatorium purpureum
Eupatorium rugosum
Eupatorium serotinum
Euthamia graminifolia var. graminifolia
Galinsoga quadriradiata
Gnaphalium obtusifolium
Helenium flexuosum
Helianthus decapetalus
Helianthus tuberosus
Heliopsis helianthoides
Hieracium caespitosum
Hieracium flagellare
Hieracium gronovii
Hieracium paniculatum
Hieracium scabrum
Hieracium venosum
Hypochaeris radicata
Krigia virginica
Lactuca biennis
Lactuca canadensis
Lactuca serriola
Leucanthemum vulgare
Matricaria discoidea
Prenanthes altissima
Rudbeckia hirta var. pulcherrima
Rudbeckia laciniata var. laciniata
Senecio aureus
Senecio vulgaris
Solidago bicolor

Common Name
fireweed
white-top fleabane
Philadelphia fleabane
Robin's-plantain
daisy fleabane
hollow Joe-Pye weed
hyssop-leaf thoroughwort
common boneset
hairy boneset
sweet Joe-Pye weed
rough thoroughwort
late-flowering thoroughwort
grassleaf goldenrod
fringed quickweed
fragrant cudweed
purple headed sneezeweed
thin-leaved sunflower
Jerusalem artichoke
ox-eye
meadow hawkweed
hawkweed
hairy hawkweed
panicled hawkweed
rough hawkweed
rattlesnake hawkweed
spotted cat's-ear
dwarf dandelion
tall blue lettuce
wild lettuce
prickly lettuce
oxeye daisy
pineapple-weed chamomile
tall rattlesnake-root
black-eyed Susan
cutleaf coneflower
golden ragwort
old-man-in-the-spring
white goldenrod

State
Rank
S5
S5
S5
S4
S5
S4
S5
S4
S5
S4
S5
S4
S5
SE
S5
S4
S4
SE
S1
SE
SE
S5
S5
S4
S5
SE
S5
S4
S4
SE
SE
SE
S4
S5
S4
S4
SE
S4

Abundance
Rank
3
3
5
1
4
4
2
4
1
2
5
1
5
3
alien
3
1
3
2
adventive
1
rare
5
alien
1
alien
1
3
2
3
1
alien
1
4
3
1
alien
4
alien
1
alien
4
3
3
3
1
alien
1
Status

Growth
Form†
AH
AH
PH
BH
PH
PH
PH
PH
PH
PH
PH
PH
PH
AH
AH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
AH
AH
AH
AH
PH
AH
PH
PH
PH
PH
AH
PH

Habitat
Thickets, fields, open woods
Fields, roadsides, waste places
Thickets, wooded roadbanks
Rich open woods, banks
Dry fields, waste places
Marshes, wet fields
Dry fields, waste places
Marshes, wet fields, streams
Dry sandy fields and thickets
Rich woods
Woods, thickets
Dry fields, roadsides, waste places
Fields
Waste places
Dry fields
Wet fields
Low woods, thickets
Roadsides, fields
Fields, rich to dry, thickets, edges
Fields, thickets
Fields, dry banks
Dry fields, thickets
Dry woods and banks
Dry fields, thickets
Dry woods and thickets
Dry sandy fields, waste places
Dry upland fields, bare soil
Thickets, old fields, waste places
Thickets, woods, edges
Thickets, waste places
Fields
Roadsides, waste places
Woods
Fields
Low fields, streamsides
Low fields, thickets, woods
Roadsides, waste places
Dry wooded banks

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Family
ASTERACEAE
Aster Family (con’t)

Appendix 2: Vascular Plants
State
Rank
S4
S5
S4
S4
S4
S4
S4
S5
SE
SE
SE
SE
S1
S5
SE

Scientific Name
Solidago caesia
Solidago canadensis var. scabra
Solidago flexicaulis
Solidago gigantea
Solidago juncea
Solidago nemoralis var. nemoralis
Solidago patula var. patula
Solidago rugosa ssp. rugosa
Sonchus asper
Taraxacum officinale
Tragopogon pratensis
Tussilago farfara
Vernonia glauca
Vernonia noveboracensis
Xanthium strumarium

Common Name
bluestem goldenrod
rough Canada goldenrod
broadleaf goldenrod
smooth goldenrod
early goldenrod
gray-stem goldenrod
roundleaf goldenrod
rough-leaf goldenrod
spiny-leaf sowthistle
common dandelion
meadow goats beard
coltsfoot
broadleaf ironweed
New York ironweed
rough cockle-bur

BALSAMINACEAE
Spotted Jewelweed Family

Impatiens capensis
Impatiens pallida

spotted jewel-weed
pale jewel-weed

S5
S4

BERBERIDACEAE
Barberry Family

Berberis thunbergii
Caulophyllum thalictroides
Mahonia repens
Podophyllum peltatum

Japanese barberry
blue cohosh
creeping hollygrape
May apple

SE
S4
SE
S5

BETULACEAE
Birch Family

Alnus serrulata
Betula populifolia
Carpinus caroliniana
Corylus americana

brook-side alder
gray birch
American hornbeam
American hazelnut

S5
S4
S5
S4

BIGNONIACEAE
Bignonia Family

Campsis radicans
Catalpa bignonioides

trumpet-creeper
southern catalpa

S5
SE

BORAGINACEAE
Borage Family

Cynoglossum virginianum
Hackelia virginiana
Mertensia virginica
Myosotis laxa
Myosotis scorpioides

wild comfrey
Virginia stickseed
Virginia bluebells
small forget-me-not
true forget-me-not

S3
S4
S3
S3
SE

Status

alien
alien
alien
alien
rare
alien

alien
alien

adventive
rare
rare
rare
alien

Abundance
Rank
4
5
4
4
4
3
1
5
3
5
1
1
1
4
3

Growth
Form†
PH
PH
PH
PH
PH
PH
PH
PH
AH
PH
BH
PH
PH
PH
AH

Habitat
Woods
Fields
Floodplain woods
Fields
Fields, thickets
Dry fields
Swamps
Fields, marshes, thickets
Roadsides, waste places
Fields, lawns, waste places
Fields, waste places
Roadsides, wooded, thickets
Dry fields, thickets, edges
Marshes, wet fields
Fields, waste places

5
3

AH
AH

Moist woods
Floodplain woods

4
1
1
5

DS
PH
ES
PH

Woods
Rich woods
Thickets, young woods
Woods

4
1
5
3

DS
DT
DT
DS

Marshes, streamsides
Dry fields and young thickets
Woods
Woods, thickets

1
1

WV
DT

Thickets, roadsides, woods
Roadsides, waste places

1
4
1
1
3

PH
BH
PH
PH
PH

Rich upland woods
Thickets, old fields
Floodplain woods
Streamsides, springs
Streamsides, springs

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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State
Rank
SE
SE
S2
SE
SE
SE
SE
S4
S5
SE
SE
S4
S1.1
SE
SE
SE
SE
SE
S5
SE
SE
SE
SE
SE

Abundance
Rank
5
3
1
1
5
2
1
3
3
5
alien
3
alien
4
1
rare
1
alien
1
alien
3
alien
3
alien
1
alien
3
1
alien
3
alien
3
adventive
3
alien
3
alien

Family
BRASSICACEAE
Mustard Family

Scientific Name
Alliaria petiolata
Arabidopsis thaliana
Arabis canadensis
Barbarea verna
Barbarea vulgaris
Brassica rapa
Capsella bursa-pastoris
Cardamine bulbosa
Cardamine concatenata
Cardamine hirsuta
Cardamine impatiens
Cardamine pensylvanica
Cardamine rotundifolia
Draba verna
Erucastrum gallicum
Hesperis matronalis
Lepidium campestre
Lepidium densiflorum
Lepidium virginicum
Raphanus raphanistrum
Rorippa nasturtium-aquaticum
Rorippa palustris
Thlaspi alliaceum
Thlaspi arvense

Common Name
garlic mustard
wall-cress
sicklepod
early winter-cress
yellow rocket
bird's rape
common shepherd's purse
spring-cress
cutleaf toothwort
hairy bitter-cress
bitter-cress
Pennsylvania bitter-cress
roundleaf water cress
spring draba
dog mustard
Dame's rocket
field pepper-grass
dense-flower pepper-grass
poor-man's pepper-grass
wild radish
nasturtium
bog yellow-cress
penny-cress
field penny-cress

BUXACEAE
Boxwood Family

Pachysandra terminalis

Japanese spurge

SE

alien

CAESALPINIACEAE
Caesalpinia Family

Chamaecrista nictitans
Gleditsia triacanthos

wild sensitive plant
honey-locust

S5
SE

adventive

CALLITRICHACEAE
Water-starwort Family

Callitriche heterophylla
Callitriche palustris

large water-starwort
vernal water-starwort

S5
S4

CAMPANULACEAE
Bell Flower Family

Campanula aparinoides
Lobelia cardinalis
Lobelia inflata

marsh bellflower
Cardinal flower
Indian-tobacco

S2
S5
S5

Growth
Form†
BH
AH
BH
BH
BH
AH
AH
PH
PH
PH
PH
PH
PH
AH
AH
PH
AH
AH
AH
AH
AH
AH
AH
AH

Habitat
Woods
Fields, agricultural areas
Dry woods and thickets, along paths
Fields, waste places
Fields, agricultural areas
Fields, agricultural areas
Roadsides, waste places
Swamps, seeps
Rich woods
Fields, agricultural areas
Woods
Swamps, seeps
Wooded springheads and seeps
Fields, waste places
Gravel bars
Woods, thickets
Fields, agricultural areas
Fields, waste places, cultivated fields
Fields, agricultural areas
Waste places, farm fields
Springs, seeps, brooks
Marshes, swamps
Roadsides, waste places
Fields, agricultural areas

2

PH

Woods

3
1

AH
DT

Dry fields
Woods, thickets

4
1

APH
PH

Streambanks, rivulets
Aquatic, ponds, streams

1
1
4

PH
PH
AH

Marshes
Gravel bars
Fields, thickets, waste places

Status
alien
alien
rare
alien
alien
alien
alien

rare

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Family
Scientific Name
CAMPANULACEAE
Lobelia siphilitica
Bell Flower Family (con’t) Triodanis perfoliata

Common Name
great blue lobelia
Venus'-looking-glass

CANNABACEAE
Indian Hemp Family

Humulus japonicus
Humulus lupulus

Japanese hop
common hop

CAPRIFOLIACEAE
Honeysuckle Family

Lonicera japonica
Lonicera maackii
Lonicera morrowii
Lonicera sempervirens var. sempervirens
Sambucus canadensis
Symphoricarpos orbiculatus
Triosteum aurantiacum var. aurantiacum
Viburnum acerifolium
Viburnum dentatum var. dentatum
Viburnum dilatatum
Viburnum prunifolium

Japanese honeysuckle
amur honeysuckle
Morrow’s honeysuckle
trumpet honeysuckle
common elderberry
coral-berry
coffee tinker's-weed
maple-leaf viburnum
southern arrow-wood
exotic arrow-wood
smooth black-haw

Arenaria serpyllifolia
Cerastium fontanum
Cerastium nutans
Dianthus armeria
Myosoton aquaticum
Paronychia canadensis
Saponaria officinalis
Silene antirrhina
Silene latifolia
Silene stellata
Stellaria graminea
Stellaria longifolia
Stellaria media

thyme-leaf sandwort
common mouse-ear chickweed
nodding chickweed
Deptford-pink
giant-chickweed
forked nail-wort
bouncing-bet
sleepy catchfly
white campion
starry catchfly
little starwort
longleaf stitchwort
common starwort

Celastrus orbiculata
Euonymus alata
Euonymus americana
Euonymus atropurpurea

Oriental bitter-sweet
winged euonymus
hearts-a-bustin
wahoo

CARYOPHYLLACEAE
Pink family

CELASTRACEAE
Bittersweet Family

State
Rank
S4
SE

alien

Abundance
Rank
3
3

SE
SE

alien
alien

4
2

PH
PH

Creekbanks
Fields, banks

SE
SE
SE
S4
S5
SE
S1
S5
S5
SE
S5

alien
alien
alien

5
4
5
1
4
1
1
4
5
1
5

WV
DS
DS
WV
DS
DS
PH
DS
DS
DS
DS

Fields, thickets, woods
Fields, thickets
Fields, thickets
Dry thickets roadside bank
Thickets, low woods
Wooded bank
Woods edges, thickets
Woods
Woods, swamps
Disturbed woods
Thickets, old fields, woods

1
4
1
4
4
1
3
1
2
2
1
2
5

AH
PH
AH
BH
PH
AH
PH
AH
AH
PH
PH
PH
AH

Fields, waste places
Fields, pastures, waste places
Low woods
Fields
Floodplain woods
Dry open woods
Roadsides, waste places
Roadsides, waste places
Roadsides, waste places
Dry woods
Moist fields
Low fields, thickets, woods
Waste places

5
4
2
1

WV
DS
DS
DS

Thickets, old fields
Woods
Low woods, thickets
Rich woods edge along roadside

Status

adventive
rare

alien

SE
SE
S1.1
SE
SE
S4
SE
S4
SE
S4
SE
S4
SE

alien
alien
rare
alien
alien

SE
SE
S5
S1

alien
alien

alien
alien
alien
alien

rare

Growth
Form† Habitat
PH
Low woods, streamsides
AH
Dry fields, roadbanks

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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State
Rank
SE
SE
SE

Family
CHENOPODIACEAE
Goosefoot Family

Scientific Name
Atriplex patula
Chenopodium album
Chenopodium ambrosioides

Common Name
spearscale
white goosefoot
wormseed goosefoot

CLUSIACEAE
St. John’s-wort Family

Hypericum mutilum
Hypericum perforatum
Hypericum punctatum
Hypericum stragulum

slender St. John's-wort
alien St. John's-wort
common St. John's-wort
St. Andrew's cross

S5
SE
S5
S4

COMMELINACEAE
Spiderwort Family

Commelina communis

Asiatic dayflower

SE

CONVOLVULACEAE
Morning-glory Family

Calystegia sepium
Calystegia spithamaea ssp. spithamaea
Convolvulus arvensis
Ipomoea hederacea
Ipomoea lacunosa
Ipomoea pandurata
Ipomoea purpurea

hedge bindweed
low bindweed
field bindweed
morning glory
small-flower white morning-glory
big-root morning-glory
common morning-glory

S5
S1
SE
SE
S4
S4
SE

CORNACEAE
Dogwood Family

Cornus alternifolia
Cornus amomum ssp. amomum
Cornus florida

alternate-leaf dogwood
silky dogwood
flowering dogwood

S4
S5
S5

CRASSULACEAE
Stonecrop Family

Penthorum sedoides
Sedum ternatum

ditch-stonecrop
wood stonecrop

S4
S3

CUCURBITACEAE
Gourd Family

Echinocystis lobata
Sicyos angulatus

wild balsam-apple
one-seed bur-cucumber

SE
S4

CUPRESSACEAE
Cypress Family

Juniperus virginiana var. virginiana

red cedar

S5

CUSCUTACEAE
Dodder Family

Cuscuta gronovii
Cuscuta polygonorum

Gronovius's dodder
smartweed dodder

CYPERACEAE
Sedge Family

Carex aggregata
Carex albicans

glomerate sedge
bellow-beaked sedge

S5
S1.1
S4
S4

Status
alien
alien
alien

alien

alien

rare
alien
alien

alien

rare
alien

rare

Abundance
Rank
1
4
3

Growth
Form†
AH
AH
AH

Habitat
Waste ground, roadsides
Roadsides, waste places
Roadsides, waste places

4
3
4
1

PH
PH
PH
DS

Marshes, low fields
Fields, roadsides, waste places
Low fields, thickets
Dry sandy fields, open banks

5

AH

Roadsides, waste places

5
1
1
3
1
2
1

PHV
PHV
PHV
AHV
AHV
PHV
AHV

Fields, thickets, waste places
Young woods, thickets
Fields, agricultural fields
Fields, roadsides, waste places
Roadsides, farm fields
Dry upland fields, thickets
Fields, roadsides, waste places

3
5
5

DS
DS
DS

Rich woods
Marshes, thickets, low areas
Rich woods

3
3

PH
PH

Marshes, ditches
Floodplain woods

1
3

AHV
AHV

Thickets, streamsides
Thickets, streamsides

4

ET

Old fields

4
1

AHV
AHV

Fields, thickets, marshes
Pond edge, growing on herbs in mud flats

1
4

PS
PS

Fields, dry banks, thickets
Dry woods

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Family
CYPERACEAE
Sedge Family (con’t)

Scientific Name
Carex annectens
Carex blanda
Carex bromoides
Carex bushii
Carex caroliniana
Carex cephalophora
Carex conjuncta
Carex crinita var. crinita
Carex debilis var. debilis
Carex digitalis
Carex festucacea
Carex frankii
Carex glaucodea
Carex gracilescens
Carex gracillima
Carex granularis
Carex grisea
Carex gynandra
Carex hirsutella
Carex hirtifolia
Carex laevivaginata
Carex laxiculmis
Carex laxiflora
Carex lupulina
Carex lurida
Carex mesochorea
Carex normalis
Carex pensylvanica
Carex prasina
Carex radiata
Carex rosea
Carex scoparia
Carex sparganioides
Carex spicata
Carex squarrosa
Carex stipata var. stipata
Carex stricta
Carex swanii

Appendix 2: Vascular Plants

Common Name
yellow-fruited sedge
woodland sedge
brome-like sedge
Bush's sedge
sedge
oval-leaved sedge
soft fox sedge
fringed sedge
white-edge sedge
slender wood sedge
fescue sedge
Frank's sedge
sedge
slender sedge
graceful sedge
meadow sedge
sedge
sedge
hirsute sedge
pubescent sedge
smooth-sheath sedge
spreading sedge
loose-flowered sedge
hop sedge
shallow sedge
midland sedge
sedge
Pennsylvania sedge
drooping sedge
stellate sedge
rosy sedge
pointed broom sedge
bur-reed sedge
sedge
squarrose sedge
stalk-grain sedge
tussock sedge
Swan's sedge

State
Rank
S4
S5
S1
S2
S4
S4
S4
S5
S5
S5
S4
S2
S4
S2
S4
S2
S4
S2
S4
S4
S5
S4
S4
S5
S5
S4
S4
S5
S4
S4
S4
S5
S2
SE
S2
S5
S5
S5

Status

rare
rare

rare
rare
rare
rare

rare
alien
rare

Abundance
Rank
3
5
1
1
1
3
3
3
1
5
1
2
3
2
2
1
4
1
4
3
3
5
4
3
5
2
3
3
2
4
3
3
2
1
1
2
4
4

Growth
Form†
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS
PS

Habitat
Marshes, wet fields
Rich woods
Swamps, low woods
Dry fields and fields
Low fields and fields
Dry woods, edges
Low edges, disturbed ground
Swamps
Swamps and wet woods
Woods
Wet fields, marshes
Floodplain woods, ditches, disturbed edges
Dry fields, thickets
Woods and moist fields
Woods
Low fields, paths in thickets, disturbed ground
Rich woods
Swamps, low woods
Dry fields
Rich woods
Marshes, wet fields
Rich woods
Rich woods
Swamps, wet woods, floodplains
Swamps
Dry fields, roadbanks
Dry fields
Dry woods
Wooded seeps, stream edges
Woods
Woods
Marshes, wet fields
Dry fields, roadsides, thickets
Fields
Swamps, wet woods, floodplains
Marshes, wet fields
Marshes
Dry woods

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Scientific Name
Carex tonsa
Carex torta
Carex tribuloides
Carex trichocarpa
Carex umbellata
Carex virescens
Carex vulpinoidea
Carex willdenowii
Cyperus erythrorhizos
Cyperus esculentus
Cyperus flavescens
Cyperus lupulinus
Cyperus odoratus
Cyperus squarrosus
Cyperus strigosus
Dulichium arundinaceum
Eleocharis acicularis
Eleocharis obtusa
Eleocharis olivacea var. olivacea
Eleocharis tenuis var. tenuis
Fimbristylis autumnalis
Kyllinga gracillima
Schoenoplectus purshianus
Schoenoplectus tabernaemontani
Scirpus atrovirens
Scirpus cyperinus
Scirpus expansus
Scirpus georgianus
Scirpus hattorianus
Scirpus polyphyllus
Trichophorum planifolium

Common Name
shaved sedge
twisted sedge
blunt broom sedge
hairy-fruit sedge
sedge
ribbed sedge
fox sedge
Willdenow's sedge
red-root flatsedge
chufa flatsedge
yellow flatsedge
slender cyperus
rusty flatsedge
umbrella-sedge
straw-colored flatsedge
three-way sedge
least spike-rush
blunt spike-rush
capitate spike-rush
slender spike-rush
slender fimbry
nut-sedge
weakstalk bulrush
long-stem bulrush
woolgrass bulrush
cottongrass bulrush
woodland beakrush
Georgia bulrush
bulrush
leafy bulrush
bashful bulrush

State
Rank
S4
S2
S5
S2
S5
S4
S5
S1.1
S4
S5
S4
S5
S5
S1.1
S5
S5
S4
S4
S5
S4
S5
SE
S2
S5
S1
S5
S2
S5
S4
S4
S2

DENNSTAEDTIACEAE
Bracken Family

Dennstaedtia punctilobula
Pteridium aquilinum var. latiusculum

eastern hay-scented fern
northern bracken fern

S5
S5

DIOSCOREACEAE
Yam Family

Dioscorea villosa

yellow yam

S5

Family
CYPERACEAE
Sedge Family (con’t)

Status
rare
rare

rare

rare

alien
rare
rare
rare

rare

Abundance
Rank
1
4
4
1
1
2
3
1
1
1
2
1
1
1
4
1
1
3
1
2
1
1
1
2
1
3
3
4
3
3
1

Growth
Form†
PS
PS
PS
PS
PS
PS
PS
PS
AS
PS
AS
PS
AS
AS
PS
PS
PS
AS
PS
PS
AS
PS
AS
PS
PS
PS
PS
PS
PS
PS
PS

Habitat
Dry fields, barren ground
Streambanks and gravel bars
Marshes, wet fields
Open marshes and marsh edges
Dry fields, barren ground
Dry woods
Marshes, ditches
Dry open woods, wooded banks
Marshes, ditches, wet ground
Cropland, disturbed ground
Wet fields, ditches, swales
Dry fields
Gravel bars
Gravel bars
Low fields, edges, marshes
Marshes and wet woods
Pond edge
Marshes
Wet edges
Marshes, wet fields
Pond edges
Moist disturbed ground
Pond edges in drawdown zone
Marshes
Gravel bars
Marshes
Marshes, swamps
Marshes, low fields
Marshes, low fields
Marshes, wet woods, springs
Dry open woods, wooded banks

5
1

F
F

Dry woods
Dry young woods

3

PHV

Woods

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Family
DRYOPTERIDACEAE
Fern Family

Appendix 2: Vascular Plants
State
Rank
S5
S2
S2
S4
S5
S1
SU
S4
S5
S4
S5
S5

Growth
Form†
F
F
F
F
F
F
F
F
F
F
F
F

Habitat
Rich woods
Floodplain woods
Rocky woods and roadbanks
Rich woods
Low woods, often under plantings
Seepage area along stream
Seepage slope wetland
Swamps
Woods
Rocky woods
Wetlands
Rich woods, slopes and banks

3

DT

Thickets, old fields

5

DS

Fields, old thickets

S5

3

FA

Marshes, edges

trailing arbutus
black huckleberry
mountain laurel
maleberry
pink azalea
highbush blueberry
early lowbush blueberry

S4
S5
S5
S4
S5
S5
S5

1
3
4
1
4
1
4

ES
DS
ES
DS
DS
DS
DS

Dry acidic woods and banks
Dry woods
Dry woods
Upland thickets
Acidic woods
Low woods, swamps
Dry woods

slender copperleaf
rhombic copperleaf
Virginia copperleaf
spotted spurge
eyebane broomspurge
flowering spurge
Cypress spurge

S4
S4
S4
SE
SE
S4
SE

3
4
3
4
3
1
1

AH
AH
AH
AH
AH
PH
PH

Dry fields
Fields, waste places
Fields, waste places
Fields, roadsides, waste places
Roadsides, waste places
Dry fields
Fields, roadbanks, waste places

Scientific Name
Athyrium filix-femina var. angustum
Cystopteris protrusa
Cystopteris tenuis
Deparia acrostichoides
Dryopteris carthusiana
Dryopteris celsa
Dryopteris celsa x cristata
Dryopteris cristata
Dryopteris intermedia
Dryopteris marginalis
Onoclea sensibilis
Polystichum acrostichoides

Common Name
northern lady fern
lowland brittle fern
bladderfern
silvery spleenwort
spinulose shield fern
log fern
hybrid woodfern
crested shield fern
evergreen wood fern
marginal wood fern
sensitive fern
Christmas fern

EBENACEAE
Ebony Family

Diospyros virginiana

persimmon

S5

ELAEAGNACEAE
Oleaster Family

Elaeagnus umbellata

autumn olive

SE

EQUISETACEAE
Horse-tail Family

Equisetum arvense

field horsetail

ERICACEAE
Heath Family

Epigaea repens
Gaylussacia baccata
Kalmia latifolia
Lyonia ligustrina
Rhododendron periclymenoides
Vaccinium corymbosum
Vaccinium pallidum

EUPHORBIACEAE
Spurge Family

Acalypha gracilens
Acalypha rhomboidea
Acalypha virginica
Chamaesyce maculata
Chamaesyce nutans
Euphorbia corollata
Euphorbia cyparissias

Status
rare
rare

rare

alien

alien
alien
alien

Abundance
Rank
5
1
1
5
4
1
1
2
4
2
5
4

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Family
FABACEAE
Bean Family

Scientific Name
Amphicarpaea bracteata
Coronilla varia
rotalaria sagittalis
Desmodium ciliare
Desmodium glutinosum
Desmodium marilandicum
Desmodium nudiflorum
Desmodium paniculatum
Desmodium perplexum
Desmodium rotundifolium
Desmodium viridiflorum
Kummerowia stipulacea
Kummerowia striata
Lathyrus latifolius
Lespedeza cuneata
Lespedeza intermedia
Lespedeza procumbens
Lespedeza virginica
Medicago lupulina
Medicago sativa
Melilotus albus
Melilotus officinalis
Robinia pseudoacacia
Trifolium aureum
Trifolium campestre
Trifolium hybridum
Trifolium pratense
Trifolium repens
Vicia sativa
Vicia tetrasperma
Wisteria floribunda

Common Name
American hog-peanut
crown-vetch
arrow-headed rattle-box
hairy small-leaved tick-trefoil
large tick-trefoil
Maryland tick-trefoil
bare-stemmed tick-trefoil
narrow-leaf tick-trefoil
perplexed tick-trefoil
prostrate tick-trefoil
velvety tick-trefoil
Korean-clover
common Korean-clover
broadleaf peavine
Chinese bushclover
wand bush-clover
trailing bush-clover
slender bush-clover
black medic
alfalfa
white sweet clover
yellow sweetclover
black locust
yellow clover
low hop clover
alsike clover
red clover
white clover
spring vetch
lentil vetch
Japanese wisteria

FAGACEAE
Oak Family

Castanea dentata
Fagus grandifolia
Quercus alba
Quercus bicolor
Quercus coccinea
Quercus falcata

American chestnut
American beech
white oak
swamp white oak
scarlet oak
Spanish oak

State
Rank
S5
SE
S4
S5
S2
S4
S5
S5
S4
S4
S4
SE
SE
SE
SE
S5
S5
S5
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
S4
S5
S5
S4
S5
S5

Abundance
Rank
4
4
alien
1
3
1
rare
2
3
4
4
1
1
2
alien
5
alien
1
alien
3
alien
1
1
1
3
alien
1
alien
3
alien
3
alien
5
adventive
1
alien
3
alien
3
alien
5
alien
4
alien
1
alien
3
alien
1
alien
Status

1
5
5
1
2
1

Growth
Form†
PHV
PH
AH
PH
PH
PH
PH
PH
PH
PH
PH
AH
AH
PHV
PH
PH
PH
PH
AH
PH
BH
BH
DT
AH
AH
PH
PH
PH
AH
AH
WV

Habitat
Woods, thickets
Roadsides
Dry sandy fields
Dry fields
Rich woods and wooded banks
Dry fields
Dry woods
Fields, thickets
Fields, thickets
Dry fields and banks
Dry fields, thickets
Fields, waste places
Fields, waste places
Roadsides, waste places
Fields, waste places
Dry fields
Dry fields, thickets, roadbanks
Dry fields
Fields, roadsides, waste places
Fields, agricultural areas
Fields, roadsides
Fields, roadsides
Woods, thickets
Fields, roadsides
Fields, roadsides
Fields, roadsides, waste places
Fields, roadsides, waste places
Fields, lawns, roadsides
Fields, agricultural areas
Fields, agricultural areas
Roadsides, waste places

DT
DT
DT
DT
DT
DT

Woods
Woods
Woods
Low woods
Woods
Dry open woods

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Family
FAGACEAE
Oak Family (con’t)

Scientific Name
Quercus palustris
Quercus phellos
Quercus prinus
Quercus rubra
Quercus velutina

Common Name
pin oak
willow oak
chestnut oak
northern red oak
black oak

State
Rank
S5
S5
S5
S5
S5

Growth
Form†
DT
DT
DT
DT
DT

Habitat
Low woods
Low woods
Dry upland woods
Woods
Woods

FUMARIACEAE
Fumitory Family

Corydalis flavula
Dicentra cucullaria

yellow corydalis
Dutchman's breeches

S1.1
S4

1
2

BH
PH

Path edges, railroad cinders, disturbed ground
Rich woods

GENTIANACEAE
Gentian Family

Bartonia virginica
Gentiana andrewsii
Obolaria virginica

yellow screwstem
fringe-top bottle gentian
Virginia pennywort

S5
S1
S4

1
1
1

AH
PH
PH

Field/thicket edge along path
Low fields and marsh edges
Rich woods

GERANIACEAE
Geranium Family

Geranium carolinianum
Geranium maculatum

Carolina crane's-bill
wild crane's-bill

S5
S4

3
4

AH
PH

Fields, roadsides, waste places
Rich woods

HAMAMELIDACEAE
Witch Hazel Family

Hamamelis virginiana
Liquidambar styraciflua

American witch-hazel
sweet gum

S5
S5

4
1

DS
DT

Woods
Low woods, old thickets

HYDROCHARITACEAE
Frog's-bit Family

Elodea nuttallii

Nuttall's waterweed

S4

4

APH

Streams

HYDROPHYLLACEAE
Waterleaf Family

Hydrophyllum virginianum

John's cabbage

S4

3

PH

Floodplain woods

IRIDACEAE
Iris Family

Iris versicolor
Sisyrinchium angustifolium

blueflag
pointed blue-eyed-grass

S5
S5

1
4

PH
PH

Marshes, swamps, wet woods
Fields

JUGLANDACEAE
Walnut Family

Carya alba
Carya cordiformis
Carya glabra
Carya ovalis
Carya ovata
Juglans cinerea
Juglans nigra

mockernut hickory
bitter-nut hickory
sweet pignut hickory
red hickory
shag-bark hickory
butternut
black walnut

S5
S5
S5
S4
S4
S4
S5

4
4
2
4
1
1
5

DT
DT
DT
DT
DT
DT
DT

Woods
Woods
Woods
Woods
Woods
Floodplain woods
Floodplain woods, low woods

JUNCACEAE
Rush Family

Juncus acuminatus
Juncus effusus var. pylaei

sharp-fruit rush
smooth rush

S4
S5

3
5

PH
PH

Marshes
Marshes

Status

rare

rare

Abundance
Rank
4
1
1
5
4

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Family
JUNCACEAE
Rush Family (con’t)

Scientific Name
Juncus marginatus
Juncus tenuis
Luzula multiflora

Common Name
marginal grassleaf rush
slender rush
common wood rush

State
Rank
S4
S5
S5

Growth
Form†
PH
PH
PH

Habitat
Marshes
Woods, edges
Woods, fields

LAMIACEAE
Mint Family

Agastache nepetoides
Clinopodium vulgare
Collinsonia canadensis
Cunila origanoides
Glechoma hederacea
Lamium purpureum
Leonurus cardiaca
Leonurus marrubiastrum
Lycopus americanus
Lycopus uniflorus
Lycopus virginicus
Mentha spicata
Monarda clinopodia
Monarda fistulosa
Nepeta cataria
Perilla frutescens
Prunella vulgaris
Pycnanthemum tenuifolium
Pycnanthemum virginianum
Salvia lyrata
Scutellaria elliptica var. elliptica
Scutellaria integrifolia
Scutellaria lateriflora
Teucrium canadense var. virginicum

yellow giant hyssop
field basil
Canada horse-balm
common dittany
ground ivy
purple deadnettle
common mother-wort
Siberian mother-wort
American bugleweed
northern bugleweed
Virginia bugleweed
spearmint
basil bee-balm
wild bergamot bee-balm
catnip
beef-steak plant
self-heal
slender mountain-mint
Virginia mountain-mint
lyre-leaf sage
hairy skullcap
hyssop skullcap
mad dog skullcap
American germander

S2
SE
S5
S2
SE
SE
SE
SE
S5
S4
S5
SE
S2
S1.1
SE
SE
SE
S5
S4
S5
S4
S4
S4
S4

1
3
4
1
5
5
1
1
3
1
5
1
1
1
1
4
4
3
1
2
1
1
2
3

PH
PH
PH
PH
PH
AH
PH
BH
PH
PH
PH
PH
PH
PH
PH
AH
PH
PH
PH
PH
PH
PH
PH
PH

Thickets, roadsides, edges, disturbed ground
Thickets, old fields, waste places
Rich woods
Dry open woods
Fields, streamsides, floodplains
Fields, roadsides, waste places
Thickets, waste places
Thickets, waste places
Marshes, wet fields
Low woods and marshes
Low woods, swamps, fields
Low fields, streamsides
Shaded roadbank, old house site
Dry semi-open roadside bank
Roadsides, waste places
Woods
Fields, roadsides, waste places
Dry fields
Low fields
Dry to moist fields
Dry woods
Dry fields
Swamps, seeps
Fields, thickets, waste places

LAURACEAE
Sassafras Family

Lindera benzoin var. benzoin
Sassafras albidum

spicebush
sassafras

S5
S5

5
4

DS
DT

Woods
Thickets, young woods

LEMNACEAE
Duckweed Family

Lemna minor
Spirodela polyrrhiza
Wolffia brasiliensis

lesser duckweed
common water-flaxseed
pointed watermeal

S5
S5
S5

4
4
3

APH
APH
APH

Aquatic
Aquatic, ponds, streams
Ponds, stagnant water

LENTIBULARIACEAE
Bladderwort Family

Utricularia macrorhiza

large bladderwort

S4

1

APH

Aquatic, in pond

Status

rare
alien
rare
alien
alien
alien
alien

alien
rare
rare
alien
alien
alien

Abundance
Rank
1
5
4

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Family
LILIACEAE
Lily Family

Appendix 2: Vascular Plants
State
Rank
S4
S3
SE
SE
S1
SE
S4
SE
SE
S4
S2
S5
S5
S5
SE
SE
SE
SE
S5
S2
S4
S2
S4
S4
S4

Scientific Name
Allium canadense
Allium tricoccum
Allium vineale
Asparagus officinalis
Chamaelirium luteum
Convallaria majalis
Erythronium americanum
Hemerocallis fulva
Hosta ventricosa
Hypoxis hirsuta
Lilium canadense ssp. canadense
Maianthemum canadense
Maianthemum racemosum
Medeola virginiana
Muscari botryoides
Muscari neglectum
Narcissus pseudonarcissus
Ornithogalum umbellatum
Polygonatum biflorum var. biflorum
Polygonatum biflorum var. commutatum
Polygonatum pubescens
Trillium cernuum
Uvularia perfoliata
Uvularia sessilifolia
Veratrum viride

Common Name
meadow onion
small white leek
field garlic
garden asparagus
devil's-bit
lily-of-the-valley
yellow trout-lily
orange daylily
blue plantain-lily
eastern yellow stargrass
Canada lily
wild-lily-of-the-valley
false Solomon's seal
Indian cucumber-root
common grape-hyacinth
grape hyacinth
daffodil
common Star-of-Bethlehem
common Solomon's-seal
giant Solomon's seal
downy Solomon's-seal
nodding trillium
perfoliate bellwort
sessile-leaf bellwort
American false-hellebore

LIMNANTHACEAE
Meadow-foam Family

Floerkea proserpinacoides

false mermaid-weed

S5

LINACEAE
Flax Family

Linum medium var. texanum

wild flax

S4

LYCOPODIACEAE
Clubmoss Family

Diphasiastrum digitatum
Diphasiastrum tristachyum
Huperzia lucidula
Lycopodium hickeyi
Lycopodium obscurum

shallow-root clubmoss
deep-root clubmoss
shinning clubmoss
treelike clubmoss
tree clubmoss

S5
S3
S4
S1
S5

Status
rare
alien
alien
rare
alien
alien
alien
rare

alien
alien
alien
alien
rare
rare

rare
rare

Abundance
Rank
3
1
5
2
1
1
5
5
2
1
1
1
4
3
1
1
3
4
4
1
3
3
3
1
3

Growth
Form†
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH

Habitat
Low woods
Rich woods
Fields, woods
Fields
Dry open woods, wooded banks
Thickets, waste places
Woods
Fields, woods, floodplains
Woods
Woods
Low woods, fields, thickets
Acidic woods
Rich woods
Woods
Moist fields
Moist fields
Woods, thickets, waste places
Fields, woods
Woods
Rich wooded banks and slopes
Rich woods
Moist to rocky rich woods
Rich woods
Low woods
Swamps, seeps

3

AH

Floodplain woods

1

PH

Moist fields

2
1
2
1
2

FA
FA
FA
FA
FA

Moist to dry thickets
Young woods, thickets
Woods, wooded mossy banks
Dry woods and upland thickets
Dry woods

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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State
Rank
S5
SE
S3

Growth
Form†
PH
PH
AH

Habitat
Pond edge
Marshes
Pond edge, drawdown zone

5
1

DT
DT

Woods
Swamps

3
1
1
3

AH
AH
AH
AH

Fields, agricultural areas
Roadsides, waste places
Roadsides, waste places
Fields, agricultural areas

3

PHV

Thickets, woods

alien

1

DT

Roadsides, waste places

SE

alien

4

AH

Waste places

American pinesap
Indian-pipe

S2
S5

rare

1
3

PH
PH

Dry woods
Dry woods

Broussonetia papyrifera
Maclura pomifera
Morus alba

paper-mulberry
osage orange
white mulberry

SE
SE
SE

alien
adventive
alien

1
4
3

DT
DT
DT

Roadsides, waste places
Thickets, hedgerows
Thickets, hedgerows

MYRICACEAE
Bayberry Family

Myrica pensylvanica

northern bayberry

S5

3

DS

Dry fields, thickets

NYMPHAEACEAE
Water Lily Family

Nuphar advena

broadleaf pondlily

S5

1

APH

Pond at pumping station

NYSSACEAE
Black Gum Family

Nyssa sylvatica

black gum

S5

5

DT

Woods

Family
LYTHRACEAE
Loosestrife Family

Scientific Name
Decodon verticillatus
Lythrum salicaria
Rotala ramosior

Common Name
hairy swamp loosestrife
purple loosestrife
toothcup

MAGNOLIACEAE
Magnolia Family

Liriodendron tulipifera
Magnolia virginiana

tulip tree
sweetbay magnolia

S5
S5

MALVACEAE
Mallow Family

Abutilon theophrasti
Hibiscus trionum
Malva neglecta
Sida spinosa

velvet-leaf
flower-of-an-hour
dwarf cheeseweed
prickly mallow

SE
SE
SE
SE

MENISPERMACEAE
Moonseed Family

Menispermum canadense

Canada moonseed

S4

MIMOSACEAE
Mimosa Family

Albizia julibrissin

silk tree

SE

MOLLUGINACEAE
Carpetweed Family

Mollugo verticillata

green carpet-weed

MONOTROPACEAE
Indian Pipe Family

Monotropa hypopithys
Monotropa uniflora

MORACEAE
Mulberry Family

Status
alien
rare

alien
alien
alien
alien

Abundance
Rank
1
3
1

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Family
OLEACEAE
Olive Family

Appendix 2: Vascular Plants
State
Rank
S5
S5
SE

Scientific Name
Fraxinus americana
Fraxinus pennsylvanica
Ligustrum vulgare

Common Name
white ash
green ash
European privet

Circaea lutetiana ssp. canadensis

S5

Epilobium coloratum
Ludwigia alternifolia
Ludwigia palustris
Ludwigia peploides ssp. glabrescens
Oenothera biennis

southern broadleaf enchanter's
nightshade
purple-leaf willow-herb
bushy seedbox
marsh seedbox
floating seedbox
common evening primrose

S4
S5
S5
SE
S5

OPHIOGLOSSACEAE
Adder's Tongue Family

Botrychium dissectum
Botrychium matricariifolium
Botrychium virginianum

cutleaf grape-fern
chamomile grape-fern
rattlesnake fern

S5
S1
S5

ORCHIDACEAE
Orchid Family

Aplectrum hyemale
Galearis spectabilis
Goodyera pubescens
Isotria verticillata
Liparis liliifolia
Platanthera lacera
Platanthera peramoena
Spiranthes cernua
Tipularia discolor

puttyroot
showy orchis
downy rattlesnake-plantain
large whorled pogonia
large twayblade
green-fringe orchis
purple fringeless orchid
nodding ladies'-tresses
cranefly orchid

OROBANCHACEAE
Broom-rape Family

Epifagus virginiana
Orobanche uniflora

beechdrops
one-flowered broomrape

S5
S2

OSMUNDACEAE
Royal Fern Family

Osmunda cinnamomea
Osmunda claytoniana
Osmunda regalis var. spectabilis

cinnamon fern
interrupted fern
royal fern

S5
S4
S5

OXALIDACEAE
Sorrel Family

Oxalis dillenii ssp. filipes
Oxalis stricta
Oxalis violacea

southern yellow wood-sorrel
upright yellow wood-sorrel
violet wood-sorrel

S4
SE
S4

ONAGRACEAE
Evening Primrose Family

S2
S4
S4
S3
S2
S4
S1.1
S4
S5

Status

alien

adventive

rare

rare

rare
rare
rare

rare

alien

Abundance
Rank
5
5
5

Growth
Form†
DT
DT
DS

Habitat
Woods
Low woods
Woods, thickets

5

PH

Woods

4
3
4
1
4

PH
PH
PH
PH
PH

Marshes, seeps, ditches
Marshes, low fields
Streams, pond edges
Pond edge, small fishing pond
Fields, thickets, waste places

3
1
4

FA
FA
FA

Moist to dry thickets
Thickets, young woods
Rich woods

2
3
3
1
3
1
1
4

PH
PH
PH
PH
PH
PH
PH
PH
PH

Rich woods, wooded ravines
Rich woods
Dry woods
Moist woods
Open thickets, young woods
Swamps, marshes, old fields
Marsh edges, low fields
Moist fields and marshes
Dry woods and thickets

4
1

AH
PH

Woods under beech
Rich open woods

2
2
2

F
F
F

Swamps
Rich woods
Swamps, wet woods

4
1
1

PH
PH
PH

Fields, roadsides, waste places
Fields, roadsides, waste places
Dry to moist woods

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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State
Rank
SE
S5

Family
PAPAVERACEAE
Poppy Family

Scientific Name
Chelidonium majus
Sanguinaria canadensis

Common Name
greater celadine
bloodroot

PHYTOLACCACEAE
Pokeberry Family

Phytolacca americana

common pokeweed

S5

PINACEAE
Pine Family

Pinus rigida
Pinus strobus
Pinus taeda
Pinus virginiana
Tsuga canadensis

pitch pine
eastern white pine
loblolly pine
Virginia pine
eastern hemlock

S5
SE
S5
S5
SE

PLANTAGINACEAE
Plantain Family

Plantago aristata
Plantago lanceolata
Plantago major
Plantago rugelii
Plantago virginica

large-bract plantain
English plantain
nipple-seed plantain
black-seed plantain
Virginia plantain

SE
SE
SE
S5
S5

PLATANACEAE
Plane-tree Family

Platanus occidentalis

sycamore

S5

POACEAE
Grass Family

Agrostis gigantea
Agrostis hyemalis
Agrostis perennans
Andropogon gyrans
Andropogon virginicus var. virginicus
Anthoxanthum odoratum
Aristida dichotoma var. dichotoma
Aristida longispica var. longispica
Aristida oligantha
Arthraxon hispidus
Brachyelytrum erectum
Bromus commutatus
Bromus inermis
Bromus japonicus
Bromus latiglumis
Bromus sterilis
Cinna arundinacea

black bentgrass
winter bentgrass
perennial bentgrass
beardgrass
broom-sedge
sweet vernal grass
three-awn grass
long-spiked three-awn
prairie three-awn grass
joint-head arthraxon
bearded short-husk
hairy brome
awnless brome
Japanese brome
riverbank brome
poverty brome
stout wood reed-grass

SE
S5
S5
S4
S4
SE
S5
S4
S5
SE
S4
SE
SE
SE
S1.1
SE
S5

Status
alien

adventive

adventive
alien
alien
alien

alien

alien

alien
alien
alien
alien
rare
alien

Abundance
Rank
1
4

Growth
Form† Habitat
BH
Roadsides, waste places
PH
Rich woods

5

PH

Fields, thickets, waste places

1
2
2
3
1

ET
ET
ET
ET
ET

Dry woods
Woods
Woods, planted
Young dry upland woods
Rich woods

2
5
3
5
1

AH
PH
PH
PH
AH

Dry sandy fields, waste places
Fields, lawns, waste places
Fields, lawns, waste places
Fields, roadsides, lawns
Dry sandy waste places by pumping station

5

DT

Floodplain woods

5
1
3
2
5
5
1
1
1
3
1
2
4
2
1
1
4

PG
PG
PG
PG
PG
PG
AG
AG
AG
AG
PG
AG
PG
AG
PG
AG
PG

Fields
Fields, roadsides, waste places
Woods
Dry fields
Fields
Fields
Dry waste ground, borrow pit
Dry waste ground
Dry waste ground
Disturbed wetlands
Rich woods
Fields, roadsides
Fields, edges
Fields, edges
Floodplain woods along road
Dry fields
Low woods

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Family
POACEAE
Grass Family (con’t)

Scientific Name
Cynodon dactylon
Dactylis glomerata
Danthonia spicata
Dichanthelium boscii
Dichanthelium clandestinum
Dichanthelium commutatum
Dichanthelium dichotomum var. 4 (=
yadkinense)
Dichanthelium dichotomum var. dichotomum
Dichanthelium latifolium
Digitaria ischaemum
Digitaria sanguinalis
Echinochloa crus-galli
Echinochloa muricata
Eleusine indica
Elymus hystrix
Elymus riparius
Elymus villosus
Elymus virginicus var. virginicus
Elytrigia repens
Eragrostis cilianensis
Eragrostis curvula
Eragrostis pectinacea
Eragrostis pilosa
Eragrostis spectabilis
Festuca subverticillata
Glyceria septentrionalis
Glyceria striata
Holcus lanatus
Leersia oryzoides
Leersia virginica
Lolium perenne
Microstegium vimineum
Miscanthus sinensis
Muhlenbergia frondosa
Muhlenbergia schreberi
Muhlenbergia tenuifolia
Panicum anceps

Appendix 2: Vascular Plants

Common Name
Bermuda grass
orchard grass
poverty oat-grass
Bosc's witchgrass
deer-tongue witchgrass
variable witchgrass
panic grass
panic grass
broadleaf witchgrass
smooth crabgrass
hairy crabgrass
barnyard grass
rough barnyard grass
India goosegrass
bottle-brush grass
river wild-rye
slender wild-rye
Virginia wild-rye
quack grass
stinkgrass
weeping love-grass
Carolina love-grass
India love-grass
purple love-grass
nodding fescue
floating manna-grass
fowl manna-grass
common velvet grass
rice cutgrass
Virginia cutgrass
perennial ryegrass
Japanese stilt grass
Chinese silver grass
wirestem muhly
Schreber's muhly
slender muhly
panic grass

State
Rank
SE
SE
S5
S4
S5
S5
S1
S5
S5
SE
SE
SE
S4
SE
S2
S4
S4
S4
SE
SE
SE
S5
SE
S5
S4
S5
S5
SE
S5
S5
SE
SE
SE
S4
S5
S2
S4

Status
alien
alien

rare

alien
alien
alien
alien
rare

alien
alien
alien
alien

alien

alien
alien
alien

rare

Abundance
Rank
1
5
4
1
5
1
1
3
1
5
4
4
1
5
1
3
3
3
3
2
2
4
1
4
4
2
5
1
5
5
3
5
1
2
5
1
4

Growth
Form†
PG
PG
PG
PG
PG
PG
PG

Habitat
Dry fields, waste places
Fields
Dry fields, thickets
Rich dry woods
Fields, edges
Dry fields
Dry open woods

PG
PG
AG
AG
AG
AG
AG
PG
PG
PG
PG
PG
AG
PG
AG
AG
PG
PG
PG
PG
PG
PG
PG
PG
AG
PG
PG
PG
PG
PG

Woods, fields
Dry open woods
Fields, roadsides, waste places
Fields, lawns
Fields, lawns, disturbed ground
Gravel bars
Roadsides, disturbed areas
Floodplain woods and gravel bars
Floodplain woods
Woods, floodplain, streambanks
Floodplain woods
Fields
Roadsides, waste places
Roadsides
Waste spaces, roadsides
Fields, waste places
Fields
Rich woods
Marshes, swamps
Swamps
Fields
Marshes
Woods, low edges
Roadsides, waste places
Woods, edges, wetlands
Dry fields, roadbanks
Fields, roadsides
Fields
Rich dry woods
Fields, edges

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Family
POACEAE
Grass Family (con’t)

Scientific Name
Panicum capillare
Panicum dichotomiflorum
Panicum rigidulum var. rigidulum
Panicum virgatum var. virgatum
Paspalum laeve
Paspalum setaceum
Phalaris arundinacea
Phleum pratense
Phragmites australis
Poa alsodes
Poa annua
Poa compressa
Poa cuspidata
Poa pratensis
Poa sylvestris
Poa trivialis
Schizachyrium scoparium var. scoparium
Setaria faberi
Setaria parviflora
Setaria pumila
Sorghastrum nutans
Sorghum halepense
Sphenopholis intermedia
Sporobolus vaginiflorus
Tridens flavus
Vulpia myuros
Vulpia octoflora

Common Name
old witch panic grass
spreading panic grass
panic grass
old field switch panic grass
field paspalum
slender paspalum
reed canary grass
meadow Timothy
common reed
grove meadow grass
annual bluegrass
Canada bluegrass
bluegrass
Kentucky bluegrass
woodland bluegrass
Scribner's bluegrass
little bluestem
giant foxtail
bristly foxtail
dwarf yellow foxtail
yellow Indian-grass
Johnson grass
intermediate shiny wedge grass
sheathed dropseed
tall purple-top fluffgrass
foxtail fescue
slender eight-flowered fescue

State
Rank
S4
S5
S5
S5
S4
S4
SE
SE
S5
S4
SE
SE
S2
SE
S4
SE
S5
SE
S4
SE
S4
SE
S4
S4
S5
SE
SE

Abundance
Rank
1
5
1
1
3
4
5
adventive
5
alien
3
1
5
alien
4
alien
1
rare
5
alien
1
5
alien
4
5
alien
3
5
alien
1
2
alien
3
3
5
1
alien
1
alien

Growth
Form†
AG
AG
PG
PG
PG
PG
PG
PG
PG
PG
AG
PG
PG
PG
PG
PG
PG
AG
PG
AG
PG
PG
AG
AG
PG
AG
AG

Habitat
Dry disturbed ground
Disturbed ground
Pond edge, open
Dry fields, game management fields
Dry fields
Dry fields
Marshes, low fields
Fields
Marshes
Woods, thickets, trail edges
Disturbed ground
Roadsides, waste places
Rich wooded slopes, often rocky
Fields, lawns
Rich woods
Seeps, stream edges, low fields
Dry fields
Disturbed ground
Fields
Disturbed ground
Fields
Cropland
Woods
Dry fields, dry roadsides
Fields
Waste ground near pumping station
Dry fields, open waste places

PODOSTEMACEAE
River-weed Family

Podostemum ceratophyllum

threadfoot

S1.1

rare

1

PH

Aquatic, rock outcrop in dam, flowing water

POLEMONIACEAE
Phlox Family

Phlox paniculata
Polemonium reptans

fall phlox
Greek valerian

SE
S4

alien

2
3

PH
PH

Floodplain woods and thickets
Floodplain woods

POLYGONACEAE
Smartweed Family

Polygonum arenastrum
Polygonum arifolium
Polygonum aviculare
Polygonum caespitosum

dooryard knotweed
halberd-leaf tearthumb
knotweed
tufted knotweed

SE
S5
SE
SE

alien

2
4
4
5

AH
AH
AH
AH

Waste ground
Swamps
Roadsides, waste places
Woods

Status

alien
alien

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Family
POLYGONACEAE
Smartweed Family (con’t)

Appendix 2: Vascular Plants
State
Rank
SE
SE
S4
S5
SE
SE
S5
S5
S5
S5
SE
SE
SE

alien
alien
alien

Abundance
Rank
3
2
2
2
3
3
5
5
4
5
5
4
5

rare

1

F

Rocky woods, rock outcrops, boulders

4

PH

Marshes, streamsides

5
3

PH
AH

Woods
Waste places

alien

2
2

APH
APH

Streams, ditches
Ponds

SE
S4
SE
S5

alien

3
3
4
3

AH
PH
PH
PH

Fields, roadsides, waste places
Low woods
Floodplain woods
Dry fields, thickets

northern maidenhair-fern

S3

rare

1

F

Rich woods and wooded banks

spotted wintergreen
shinleaf

S5
S2

rare

3
1

PH
PH

Dry woods
Rich woods, wooded slopes

Scientific Name
Polygonum cuspidatum
Polygonum hydropiper
Polygonum lapathifolium
Polygonum pensylvanicum
Polygonum perfoliatum
Polygonum persicaria
Polygonum punctatum var. punctatum
Polygonum sagittatum
Polygonum scandens var. scandens
Polygonum virginianum
Rumex acetosella
Rumex crispus
Rumex obtusifolius

Common Name
Japanese knotweed
marshpepper smartweed
dock-leaf smartweed
Pennsylvania smartweed
mile-a-minute
lady's thumb
dotted smartweed
arrow-leaved tearthumb
climbing false-buckwheat
Virginia knotweed
sheep sorrel
curly dock
bitter dock

POLYPODIACEAE
Polypody Family

Polypodium virginianum

rock polypody

S3

PONTEDERIACEAE
Water-hyacinth Family

Heteranthera reniformis

kidneyleaf mud-plantain

S4

PORTULACACEAE
Purslane Family

Claytonia virginica var. virginica
Portulaca oleracea

narrow-leaf spring beauty
common purslane

S5
SE

POTAMOGETONACEAE Potamogeton crispus
Pondweed Family
Potamogeton diversifolius

curly pondweed
water-thread pondweed

SE
S4

PRIMULACEAE
Primrose Family

Anagallis arvensis
Lysimachia ciliata
Lysimachia nummularia
Lysimachia quadrifolia

scarlet pimpernel
fringed loosestrife
creeping Jennie
whorled loosestrife

PTERIDACEAE
Maiden-hair Fern Family

Adiantum pedatum

PYROLACEAE
Shinleaf Family

Chimaphila maculata
Pyrola elliptica

Status
alien
alien

alien
alien

alien

alien

Growth
Form†
PH
AH
AH
AH
AH
AH
PH
AH
PHV
PH
PH
PH
PH

Habitat
Roadsides, waste places
Marshes
Marshes
Marshes
Roadsides, waste places
Roadsides, waste places
Marshes
Marshes
Fields, edges
Moist woods
Fields
Roadsides, waste places
Roadsides, waste places

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Family
RANUNCULACEAE
Buttercup Family

Appendix 2: Vascular Plants
State
Rank
S5
S4
S2
S4
S5
S4
S5
SE
SE
S5
SE
S5
S1
S5
S4

Scientific Name
Anemone quinquefolia
Anemone virginiana
Aquilegia canadensis
Cimicifuga racemosa
Clematis virginiana
Hepatica nobilis var. obtusa
Ranunculus abortivus
Ranunculus bulbosus
Ranunculus ficaria
Ranunculus recurvatus
Ranunculus repens
Ranunculus sceleratus
Thalictrum dioicum
Thalictrum pubescens
Thalictrum thalictroides

Common Name
wood anemone
Virginia anemone
wild columbine
black bugbane
Virginia virgin-bower
roundlobed hepatica
kidney-leaved buttercup
bulbous butter-cup
lesser celandine
hooked crowfoot
creeping butter-cup
cursed crowfoot
early meadowrue
tall meadow-rue
windflower

RHAMNACEAE
Buckthorn Family

Rhamnus davurica

lance-leaf buckthorn

SE

ROSACEAE
Rose Family

Agrimonia parviflora
Agrimonia pubescens
Agrimonia striata
Amelanchier arborea
Crataegus crus-galli
Crataegus pruinosa
Duchesnea indica
Fragaria virginiana
Geum canadense
Geum laciniatum var. laciniatum
Geum vernum
Malus pumila
Malus spp.
Potentilla canadensis
Potentilla norvegica
Potentilla recta
Potentilla reptans
Potentilla simplex
Prunus avium

swamp agrimony
soft groovebur
roadside agrimony
downy serviceberry
cockspur hawthorn
hawthorn
Indian mock-strawberry
Virginia strawberry
white avens
rough avens
spring avens
common apple
crabapple
Canada cinquefoil
Norwegian cinquefoil
sulphur cinquefoil
creeping cinquefoil
old-field cinquefoil
sweet cherry

S4
S4
S1
S5
S4
S5
SE
S5
S5
S2
S4
SE
SE
S5
SE
SE
SE
S4
SE

Status

rare

alien
alien
alien
rare

alien

rare

alien

rare
alien
alien
alien
alien
alien
alien

Abundance
Rank
2
2
1
4
4
3
4
5
4
4
2
1
1
3
3

Growth
Form†
PH
PH
PH
PH
PHV
PH
AH
PH
PH
PH
PH
AH
PH
PH
PH

Habitat
Low woods
Dry thickets
Rocky woods and bluffs
Woods
Thickets, woods
Woods
Woods, thickets
Fields
Rich woods and floodplains
Seeps, swamps
Low wet fields, marsh edges
Marshes, ditches
Wooded bank
Rich woods and floodplains
Woods

1

DS

Low thickets and roadside

4
3
1
3
2
1
5
4
5
1
1
2
4
5
3
3
3
3
4

PH
PH
PH
DT
DS
DS
PH
PH
PH
PH
PH
DT
DT
PH
PH
PH
PH
PH
DT

Wet fields, marshes
Woods
Thickets, fields, edges
Woods
Thickets, woods edges
Thickets, open woods
Woods, thickets
Fields, thickets
Woods, thickets
Marshes, ditches
Roadsides, path edges, thickets
Thickets, old fields
Thickets, old fields
Fields, thickets, dry woods
Fields, waste places
Fields, waste places
Fields, roadsides, waste places
Fields, thickets
Woods, thickets

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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State
Rank
S5
SE
S4
SE
S5
S4
S5
SE
SE
S5
SE
S1

Growth
Form†
DT
DS
DS
DS
DS
DS
WV
DS
DS
DS
DS
DS

Habitat
Woods
Thickets, old fields
Dry fields, thickets
Fields, thickets, woods
Marshes, swamps
Fields, thickets
Fields, thickets
Old fields, thickets, edges, hedgerows
Woods edges, thickets
Fields, thickets
Fields, thickets
Open shrub swamp marsh

2
1
4
1
4
1
4
1
3
3
5
1
1
3

DS
AH
AH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH

Marshes, swamps
Dry fields, waste places
Woods, thickets, waste places
Marshes
Woods
Rich upland woods, often rocky
Fields
Swamps, marshes
Thickets, dry fields
Swamps, marshes
Rich woods
Fields
Dry fields, dry banks
Dry woods

4
1
5

DT
DT
DT

Thickets, old and young woods
Fields, streamsides
Marshes, streamsides

S5

1

PH

Swamps, marshes

S4
S5
S5

4
3
2

PH
PH
PH

Seeps, swamps
Dry woods and thickets, roadsides
Rocky woods, roadbanks

Family
ROSACEAE
Rose Family (con’t)

Scientific Name
Prunus serotina
Pyrus communis
Rosa carolina
Rosa multiflora
Rosa palustris
Rubus allegheniensis
Rubus flagellaris
Rubus idaeus ssp. strigosus
Rubus laciniatus
Rubus occidentalis
Rubus phoenicolasius
Spiraea alba var. alba

Common Name
wild black cherry
common pear
Carolina rose
multi-floral rose
swamp rose
common blackberry
northern dewberry
red raspberry
evergreen blackberry
western raspberry
wineberry
narrow-leaf meadow-sweet

RUBIACEAE
Madder Family

Cephalanthus occidentalis
Diodia teres
Galium aparine
Galium asprellum
Galium circaezans var. circaezans
Galium lanceolatum
Galium mollugo
Galium obtusum ssp. obtusum
Galium pilosum var. pilosum
Galium tinctorium
Galium triflorum
Galium verum
Houstonia caerulea
Mitchella repens

common buttonbush
rough buttonweed
catchweed bedstraw
rough bedstraw
smooth wild licorice
Torrey's wild licorice
wild madder
blunt-leaf bedstraw
hairy bedstraw
stiff marsh bedstraw
sweet-scent bedstraw
yellow spring bedstraw
bluet
partridge-berry

S5
S5
S5
S1
S5
S2
SE
S4
S4
S5
S5
SE
S5
S5

SALICACEAE
Willow Family

Populus grandidentata
Salix babylonica
Salix nigra

large-tooth aspen
weeping willow
black willow

S5
SE
S5

SAURURACEAE
Lizard's Tail Family

Saururus cernuus

lizard's tail

SAXIFRAGACEAE
Saxifrage Family

Chrysosplenium americanum
Heuchera americana
Saxifraga virginiensis

American golden-saxifrage
American alumroot
Virginia saxifrage

Abundance
Rank
5
1
alien
1
5
alien
1
5
4
5
adventive
1
alien
5
5
alien
1
rare
Status

rare
rare
alien

alien

alien

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Family
SCROPHULARIACEAE
Figwort Family

Appendix 2: Vascular Plants
State
Rank
S5
SE
S5
SE
S4
S4
S5
SE
S4
S5
SE
SE
SE
SE
SE
SE
S4
SE
SE

Scientific Name
Chelone glabra
Cymbalaria muralis
Gratiola neglecta
Linaria vulgaris
Lindernia dubia var. dubia
Mimulus alatus
Mimulus ringens
Paulownia tomentosa
Penstemon digitalis
Scrophularia marilandica
Verbascum blattaria
Verbascum thapsus
Veronica anagallis-aquatica
Veronica arvensis
Veronica hederifolia
Veronica officinalis
Veronica peregrina ssp. peregrina
Veronica persica
Veronica serpyllifolia

Common Name
white turtlehead
Kenilworth's ivy
clammy hedge-hyssop
butter-and-eggs
yellow-seed false-pimpernel
sharp-wing monkeyflower
square-stem monkeyflower
royal Paulownia
foxglove beardtongue
Carpenter's square figwort
moth mullein
great mullein
brook-pimpernell
corn speedwell
ivy-leaf speedwell
Gypsy-weed
purslane speedwell
Perscians' speedwell
thyme-leaved speedwell

SIMAROUBACEAE
Quassia Family

Ailanthus altissima

tree-of-Heaven

SE

SMILACACEAE
Greenbriar Family

Smilax glauca
Smilax herbacea
Smilax pulverulenta
Smilax rotundifolia

glaucous-leaved greenbrier
smooth herbaceous greenbrier
Jacob's-ladder
common greenbrier

S5
S4
S4
S5

SOLANACEAE
Nightshade Family

Datura stramonium
Physalis heterophylla
Physalis longifolia var. subglabrata
Solanum carolinense
Solanum dulcamara
Solanum nigrum
Sparganium americanum

jimson weed
clammy ground-cherry
long-leaf ground-cherry
Carolina horse-nettle
climbing nightshade
black nightshade
American bur-reed

SE
S4
S4
SE
SE
S5
S5

SPARGANIACEAE
Bur-reed Family

alien
alien

Abundance
Rank
3
1
3
4
4
3
4
4
3
3
4
4
1
5
4
4
2
3
3

alien

3

DT

Thickets, old fields

4
1
3
5

WV
PHV
PHV
WV

Dry woods
Rich woods
Rich woods
Woods, fields

1
1
4
5
1
2
1

AH
PH
PH
PH
WV
AH
PH

Roadsides, farm fields
Fields, thickets
Fields, thickets
Fields, roadsides
Low fields, streamsides
Thickets, waste places
Pond edge at pumping station

Status
alien
alien

alien

alien
alien
alien
alien
alien
alien

alien

alien
alien

Growth
Form†
PH
AH
AH
PH
AH
PH
PH
DT
PH
PH
BH
BH
BH
AH
AH
PH
AH
AH
PH

Habitat
Swamps, seeps, marshes
Walls, bridges
Marshes, ditches, low spots
Fields, roadsides, waste places
Marshes, streamsides
Marshes, wet woods
Marshes, streamsides
Woods, thickets
Fields, thickets
Thickets, old fields
Roadsides, waste places
Roadsides, waste places
Streams, flowing water
Fields, roadsides, waste places
Rich woods and floodplains
Thickets, old fields, waste places
Fields, roadsides, waste places
Fields, roadsides, waste places
Fields, roadsides, waste places

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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State
Rank
S5

Status

Japanese yew

SE

alien

Phegopteris hexagonoptera
Thelypteris noveboracensis
Thelypteris palustris var. pubescens

broad beech fern
New York fern
marsh fern

TILIACEAE
Linden Family

Tilia americana var. americana

TYPHACEAE
Cattail Family

Family
STAPHYLEACEAE
Bladder-nut Family

Scientific Name
Staphylea trifolia

Common Name
American bladdernut

TAXACEAE
Yew Family

Taxus cuspidata

THELYPTERIDACEAE
Marsh Fern Family

Abundance Growth
Rank
Form† Habitat
3
DS
Floodplain woods

1

ES

Woods

S4
S5
S5

3
5
4

F
F
F

Rich woods
Dry woods
Marshes

American basswood

S4

1

DT

Floodplain woods

Typha angustifolia
Typha latifolia

narrow-leaf cattail
broadleaf cattail

S5
S5

2
3

PH
PH

Marshes, pond edges
Marshes, pond edges

ULMACEAE
Elm Family

Celtis occidentalis
Ulmus americana
Ulmus rubra

hackberry
American elm
slippery elm

S5
S5
S5

3
1
4

DT
DT
DT

Woods, thickets
Low woods
Low woods

URTICACEAE
Nettle Family

Boehmeria cylindrica
Laportea canadensis
Pilea pumila
Urtica dioica

false nettle
wood nettle
Canada clearweed
stinging nettle

S5
S4
S4
SE

alien

5
4
5
5

PH
PH
AH
PH

Swamps, low woods
Low woods
Low woods
Floodplain woods and edges

VALERIANACEAE
Valerian Family

Valerianella locusta

European cornsalad

SE

alien

1

AH

Fields, waste places

VERBENACEAE
Vervain Family

Phryma leptostachya
Verbena hastata
Verbena urticifolia var. urticifolia

lopseed
blue vervain
white vervain

S4
S5
S5

4
3
4

PH
PH
AH

Rich woods and thickets
Marshes
Fields, roadsides, thickets

VIOLACEAE
Violet Family

Viola arvensis
Viola blanda
Viola conspersa
Viola cucullata
Viola eriocarpa
Viola hirsutula

small wild pansy
white violet
American dog violet
marsh blue violet
smooth yellow violet
southern wood violet

SE
S4
S4
S5
S4
S4

1
1
3
2
4
4

AH
PH
PH
PH
PH
PH

Fields, agricultural areas
Moist woods, streamsides
Low woods, streamsides
Swamps, seeps
Woods
Woods, thickets

alien

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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State
Rank
S4
S5
S2
S4
S4
S4

Scientific Name
Viola palmata
Viola primulifolia
Viola rotundifolia
Viola sagittata var. sagittata
Viola sororia
Viola striata

Common Name
palmate-leaved violet
primrose-leaved violet
roundleaf violet
arrow-leaved violet
woolly blue violet
striped violet

VITACEAE
Grape Family

Ampelopsis brevipedunculata
Parthenocissus quinquefolia
Vitis aestivalis
Vitis labrusca
Vitis rotundifolia
Vitis vulpina

amur pepper-vine
Virginia creeper
summer grape
northern fox grape
Muscadine grape
winter grape

SE
S5
S5
S5
S4
S5

alien

ZANNICHELLIACEAE
Horned Pondweed Family

Zannichellia palustris

horned pondweed

S1

rare

VIOLACEAE
Violet Family (con’t)

Status

rare

Abundance
Rank
2
1
1
1
5
3

Growth
Form†
PH
PH
PH
PH
PH
PH

Habitat
Rich woods
Low fields and woods
Wooded banks
Dry fields, open woods
Fields, thickets, woods
Floodplain woods

3
5
3
4
1
5

WV
WV
WV
WV
WV
WV

Thickets, roadsides
Woods, thickets
Dry woods
Woods, thickets
Thickets, low woods
Woods

3

APH

On rocks in flowing water

†

AG = annual grass; AH = annual herb; AHV = annual herbaceous vine; AS = annual sedge; APH = aquatic perennial herb; BH = biennial herb; DS = deciduous shrub; DT = deciduous tree; ES = evergreen shrub;
ET = evergreen tree; F = fern; FA = fern ally; AG = perennial grass; PH = perennial herb; PHV = perennial herbaceous vine; PS = perennial sedge; WV = woody vine
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Appendix 3: Alien Plants

A PP E N D I X 3: Alien plant species of White Clay Creek State Park, New Castle Co., Delaware. Threat ranks and abundance ranks are defined in
Table 2 and Table 3 in the text. Boldface taxa are considered invasive within park boundaries.
Section No.

Scientific Name
Abutilon theophrasti
Acer palmatum
Acer platanoides
Achillea millefolium
Acorus calamus
Aegopodium podagraria
Agrostis gigantea
Ailanthus altissima
Albizia julibrissin
Alliaria petiolata
Allium vineale
Amaranthus retroflexus
Amaranthus spinosus
Ampelopsis brevipedunculata
Anagallis arvensis
Anthemis cotula
Anthoxanthum odoratum
Arabidopsis thaliana
Arctium lappa
Arctium minus
Arenaria serpyllifolia
Artemisia annua
Artemisia vulgaris
Arthraxon hispidus
Asparagus officinalis
Atriplex patula
Barbarea verna
Barbarea vulgaris
Berberis thunbergii
Bidens aristosa
Brassica rapa
Bromus commutatus
Bromus inermis
Bromus japonicus
Bromus sterilis
Broussonetia papyrifera
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Common Name
velvet-leaf
Japanese maple
Norway maple
common yarrow
European sweetflag
Bishops goutweed
black bentgrass
tree-of-Heaven
silk tree
garlic mustard
field garlic
red-root amaranth
spiny amaranth
porcelain berry
scarlet pimpernel
Mayweed
sweet vernal grass
wall-cress
great burdock
lesser burdock
thyme-leaf sandwort
annual wormwood
common wormwood
joint-head arthraxon
garden asparagus
spearscale
early winter-cress
yellow rocket
Japanese barberry
tickseed beggar-ticks
bird's rape
hairy brome
awnless brome
Japanese brome
poverty brome
paper-mulberry

Threat Abundance
Rank
Rank
4
3
5
1
1
4
3
4
3
4
5
1
4
5
2
3
4
1
1
5
4
5
4
1
4
2
2
3
4
3
4
1
3
5
4
3
4
1
4
3
4
1
4
3
3
4
2
3
4
2
4
1
4
1
3
5
2
4
4
1
3
2
4
2
3
4
4
2
4
1
4
1

4

5

X

6

7

8

9

10

X
X
X
X

X

11

12

13

X

X

X

X
X

X
X
X

X
X
X

14
(Middle
Run)
X

15
(Pike
Creek)
X

X
X

X
X
X

X

X
X

X
X
X
X
X
X

X
X
X

X
X
X

X
X

X
X
X

X
X

X

X

X

X
X

X

X
X

X

X

X
X

X
X

X
X
X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X
X

X
X
X

X
X

X

X

X
X

X
X
X

X

X
X

X

X
X

X

X
X
X

X

X
X

X

X

X

X

X
X

X

X

X
X
X

X

X
X

X

X
X

X

X

X
X

X
X
X
X
X

X
X
X

X

X

X

X

X
X

X

X

X

X

X

X
X

X
X

X
X

X

X

X

X
X

X
X

X
X
X

X
X

X
X

X
X

X

X

X
X

X
X

X
X

X

X
X
X

X
X
X
X
X
X
X

X
X
X

X
X

X
X

X
X
X
X

X

X

X

Appendix 3

150

Appendix 3: Alien Plants
Section No.

Scientific Name
Capsella bursa-pastoris
Cardamine hirsuta
Cardamine impatiens
Carduus nutans
Carex spicata
Catalpa bignonioides
Celastrus orbiculata
Centaurea biebersteinii
Cerastium fontanum
Chamaesyce maculata
Chamaesyce nutans
Chelidonium majus
Chenopodium album
Chenopodium ambrosioides
Cichorium intybus
Cirsium arvense
Cirsium vulgare
Clinopodium vulgare
Commelina communis
Conium maculatum
Convallaria majalis
Convolvulus arvensis
Coronilla varia
Cymbalaria muralis
Cynodon dactylon
Dactylis glomerata
Datura stramonium
Daucus carota
Dianthus armeria
Digitaria ischaemum
Digitaria sanguinalis
Draba verna
Duchesnea indica
Echinochloa crus-galli
Echinocystis lobata
Eclipta prostrata
Elaeagnus umbellata
Eleusine indica
Elytrigia repens
Eragrostis cilianensis

White Clay Creek State Park

Common Name
common shepherd's purse
hairy bitter-cress
bitter-cress
musk thistle
sedge
southern catalpa
Oriental bitter-sweet
spotted starthistle
common mouse-ear chickweed
spotted spurge
eyebane broomspurge
greater celadine
white goosefoot
wormseed goosefoot
chicory
creeping thistle
bull thistle
field basil
Asiatic dayflower
poison-hemlock
lily-of-the-valley
field bindweed
crown-vetch
Kenilworth's ivy
Bermuda grass
orchard grass
jimson weed
wild carrot
Deptford-pink
smooth crabgrass
hairy crabgrass
spring draba
Indian mock-strawberry
barnyard grass
wild balsam-apple
false-daisy
autumn olive
India goosegrass
quack grass
stinkgrass

Threat Abundance
Rank
Rank
4
1
4
5
2
3
4
1
5
1
5
1
1
5
3
1
3
4
4
4
4
3
4
1
4
4
4
3
4
3
3
5
3
3
4
3
3
5
4
4
5
1
4
1
3
4
5
1
4
1
4
5
4
1
4
5
4
4
4
5
4
4
4
1
3
5
4
4
5
1
4
3
1
5
4
5
3
3
4
2

4

5

X
X

X
X
X

6

7

8

9

X
X

X

X
X

X
X

X

X

X

X

X
X
X

X
X

X
X

X
X
X

X
X
X

X
X

X
X
X
X
X
X
X
X
X

X

X
X

X

X

X

X
X
X
X

X
X

X
X
X
X

X
X
X
X
X
X

X
X

X
X
X

X
X

X
X
X
X

X
X
X

X
X
X
X
X
X
X

X
X
X
X
X

X

X
X
X
X
X
X

X
X
X
X

X
X
X
X
X
X
X
X

14
(Middle
Run)

15
(Pike
Creek)

X
X

X

X

X

X

X

X

X
X
X

X

X

X

X
X
X
X
X
X

X
X
X
X
X
X

X
X
X
X

X

10

11

12

13

X
X

X

X

X

X

X
X

X

X

X

X
X

X

X

X
X
X
X

X
X

X
X
X

X

X

X
X
X
X
X

X
X
X
X

X
X
X

X
X
X

X
X

X
X

X

X
X
X

X
X

X
X
X
X

X
X
X

X
X
X

X
X

X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X

X
X

X

X
X
X
X
X
X
X

X

X

X

X

X

X

X
X
X
X
X
X
X

X
X
X
X

X
X
X

X

X

X

X
X
X

X
X

X
X
X
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Section No.

Scientific Name
Eragrostis curvula
Eragrostis pilosa
Erucastrum gallicum
Euonymus alata
Euphorbia cyparissias
Galinsoga quadriradiata
Galium mollugo
Galium verum
Glechoma hederacea
Gleditsia triacanthos
Hedera helix
Helianthus tuberosus
Hemerocallis fulva
Hesperis matronalis
Hibiscus trionum
Hieracium caespitosum
Hieracium flagellare
Holcus lanatus
Hosta ventricosa
Humulus japonicus
Humulus lupulus
Hypericum perforatum
Hypochaeris radicata
Ilex crenata
Ipomoea hederacea
Ipomoea purpurea
Kummerowia stipulacea
Kummerowia striata
Kyllinga gracillima
Lactuca serriola
Lamium purpureum
Lathyrus latifolius
Leonurus cardiaca
Leonurus marrubiastrum
Lepidium campestre
Lepidium densiflorum
Lespedeza cuneata
Leucanthemum vulgare
Ligustrum vulgare
Linaria vulgaris
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Common Name
weeping love-grass
India love-grass
dog mustard
winged euonymus
Cypress spurge
fringed quickweed
wild madder
yellow spring bedstraw
ground ivy
honey-locust
English ivy
Jerusalem artichoke
orange daylily
Dame's rocket
flower-of-an-hour
meadow hawkweed
hawkweed
common velvet grass
blue plantain-lily
Japanese hop
common hop
alien St. John's-wort
spotted cat's-ear
Japanese holly
morning glory
common morning-glory
Korean-clover
common Korean-clover
nut-sedge
prickly lettuce
purple deadnettle
broadleaf peavine
common mother-wort
Siberian mother-wort
field pepper-grass
dense-flower pepper-grass
Chinese bushclover
oxeye daisy
European privet
butter-and-eggs

Threat Abundance
Rank
Rank
2
2
5
1
4
1
3
4
5
1
4
3
4
4
3
1
1
5
3
1
4
3
4
2
1
5
3
3
4
1
4
5
4
1
3
1
5
2
1
4
5
2
3
3
4
1
5
2
4
3
4
1
4
2
4
5
4
1
4
1
4
5
5
1
4
1
4
1
4
3
4
1
3
3
3
4
2
5
3
4

4

5

6

X

X
X

X

X

X

X
X

X

X
X

X

X

7

8

9

10

11

12

X

X
X
X
X
X
X
X

X
X
X

X

X

X
X
X

X
X

X

X

14
(Middle
Run)

15
(Pike
Creek)

X

X

X
X
X

X

X

X

X
X

X

X

X

X

X
X

X
X
X

13

X
X
X
X
X
X

X
X
X
X

X

X

X
X
X
X

X

X

X

X

X
X

X

X

X

X
X

X

X

X
X

X

X
X
X
X

X

X

X

X
X
X

X

X

X

X
X

X

X

X
X

X

X
X

X

X
X

X
X

X

X

X

X
X
X

X

X

X

X
X

X

X

X

X

X
X
X

X

X
X
X

X
X
X
X

X
X
X

X
X

X

X

X

X
X

X

X
X

X
X
X
X
X

X

X

X

X
X

X

X

X
X

X

X

X

X
X
X
X

X

X

X
X

X
X
X

X
X

X
X
X

X

X
X
X

X

X

X
X
X
X

X
X
X
X
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Section No.

Scientific Name
Lolium perenne
Lonicera japonica
Lonicera maackii
Lonicera morrowii
Ludwigia peploides ssp. glabrescens
Lysimachia nummularia
Lythrum salicaria
Maclura pomifera
Mahonia repens
Malus pumila
Malus spp.
Malva neglecta
Matricaria discoidea
Medicago lupulina
Medicago sativa
Melilotus albus
Melilotus officinalis
Mentha spicata
Microstegium vimineum
Miscanthus sinensis
Mollugo verticillata
Morus alba
Muscari botryoides
Muscari neglectum
Myosotis scorpioides
Myosoton aquaticum
Narcissus pseudonarcissus
Nepeta cataria
Ornithogalum umbellatum
Oxalis stricta
Pachysandra terminalis
Pastinaca sativa
Paulownia tomentosa
Perilla frutescens
Phalaris arundinacea
Phleum pratense
Phlox paniculata
Phragmites australis
Pimpinella saxifraga
Pinus strobus

White Clay Creek State Park

Common Name
perennial ryegrass
Japanese honeysuckle
amur honeysuckle
Morrow’s honeysuckle
floating seedbox
creeping Jennie
purple loosestrife
osage orange
creeping hollygrape
common apple
crabapple
dwarf cheeseweed
pineapple-weed chamomile
black medic
alfalfa
white sweet clover
yellow sweetclover
spearmint
Japanese stilt grass
Chinese silver grass
green carpet-weed
white mulberry
common grape-hyacinth
grape hyacinth
true forget-me-not
giant-chickweed
daffodil
catnip
common Star-of-Bethlehem
upright yellow wood-sorrel
Japanese spurge
wild parsnip
royal Paulownia
beef-steak plant
reed canary grass
meadow Timothy
fall phlox
common reed
burnet-saxifrage
eastern white pine

Threat Abundance
Rank
Rank
4
3
1
5
1
4
1
5
2
1
2
4
2
3
4
4
5
1
5
2
4
4
4
1
4
1
4
3
4
1
4
3
4
3
3
1
1
5
5
1
4
4
3
3
5
1
5
1
3
3
4
4
5
3
4
1
4
4
3
1
5
2
3
1
4
4
4
4
2
5
3
5
5
2
1
3
3
1
5
2

4

5

6

7

8

9

10

11

12

13

X
X
X

X
X
X

X
X
X
X

X
X

X
X
X

X

X

X

X
X
X
X

X

X

X
X
X
X

X
X
X

X

X

X

X
X

X

X

X

X

X

X

X
X
X

X

X
X

X

X

X

X

X
X

X
X

X

X

X

X
X

X
X
X

X
X
X
X

X
X
X
X

X

14
(Middle
Run)
X

X

X

X
X
X
X

X
X

X

X

X

X

15
(Pike
Creek)
X
X
X
X
X
X
X

X

X
X
X

X

X
X
X

X
X

X
X

X

X
X
X

X

X
X
X
X

X

X
X

X
X
X
X
X

X

X
X

X

X

X
X

X
X

X
X
X

X
X
X

X
X
X

X
X
X

X

X

X

X

X

X

X

X
X
X
X

X

X
X
X
X
X
X
X
X

X
X

X
X
X
X

X

X
X

X
X

X
X

X
X
X

X

X

X
X
X
X

X
X
X
X

X
X
X
X

X
X
X
X

X
X

X
X

X
X
X
X
X

X
X

X
X

X
X
X

X

X
X
X
X

X

X

X
X
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Section No.

Scientific Name
Plantago aristata
Plantago lanceolata
Plantago major
Poa annua
Poa compressa
Poa pratensis
Poa trivialis
Polygonum arenastrum
Polygonum aviculare
Polygonum caespitosum
Polygonum cuspidatum
Polygonum hydropiper
Polygonum perfoliatum
Polygonum persicaria
Portulaca oleracea
Potamogeton crispus
Potentilla norvegica
Potentilla recta
Potentilla reptans
Prunella vulgaris
Prunus avium
Pyrus communis
Ranunculus bulbosus
Ranunculus ficaria
Ranunculus repens
Raphanus raphanistrum
Rhamnus davurica
Robinia pseudoacacia
Rorippa nasturtium-aquaticum
Rorippa palustris
Rosa multiflora
Rubus idaeus ssp. strigosus
Rubus laciniatus
Rubus phoenicolasius
Rumex acetosella
Rumex crispus
Rumex obtusifolius
Salix babylonica
Saponaria officinalis
Senecio vulgaris
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Common Name
large-bract plantain
English plantain
nipple-seed plantain
annual bluegrass
Canada bluegrass
Kentucky bluegrass
Scribner's bluegrass
dooryard knotweed
knotweed
tufted knotweed
Japanese knotweed
marshpepper smartweed
mile-a-minute
lady's thumb
common purslane
curly pondweed
Norwegian cinquefoil
sulphur cinquefoil
creeping cinquefoil
self-heal
sweet cherry
common pear
bulbous butter-cup
lesser celandine
creeping butter-cup
wild radish
lance-leaf buckthorn
black locust
nasturtium
bog yellow-cress
multi-floral rose
red raspberry
evergreen blackberry
wineberry
sheep sorrel
curly dock
bitter dock
weeping willow
bouncing-bet
old-man-in-the-spring

Threat Abundance
Rank
Rank
4
2
4
5
4
3
4
5
3
4
3
5
1
5
4
2
4
4
1
5
2
3
4
2
2
3
3
3
4
3
3
2
4
3
3
3
3
3
3
4
3
4
5
1
4
5
2
4
3
2
4
1
2
1
3
5
3
3
4
3
1
5
3
5
5
1
1
5
3
5
4
4
4
5
5
1
4
3
4
1

4

5

6

X

X

X

X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

X

X

X

X

8

9

10

11

12

X
X
X
X
X
X
X

X
X
X
X
X
X

X
X
X
X

X

X

X

X
X
X
X
X
X

X
X
X

X
X
X
X

X
X
X

X
X

X
X

X
X
X

X

X

X

X

X

X

X
X

X
X
X
X
X

X
X
X
X
X

X
X

X
X

X
X
X

X

7

X
X
X
X

X
X

X
X
X
X
X
X
X
X

X
X
X

X
X

X
X
X

X

X

X

X

X

X
X
X
X
X
X
X

X
X
X
X
X
X

13
X
X
X
X

14
(Middle
Run)
X
X
X
X

X
X
X
X

X
X

X

15
(Pike
Creek)
X
X
X
X
X
X

X

X
X

X
X
X
X
X
X
X

X
X

X
X
X
X
X

X

X
X

X
X

X
X

X

X

X

X

X
X
X
X

X
X
X
X
X

X
X

X

X

X

X

X
X
X
X

X
X

X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X

X
X

X

X
X
X
X

X
X
X
X

X
X
X
X

X
X
X
X

X
X
X
X

X
X

X
X

X
X
X

X

X

X

X

X

X

X

X
X
X
X

X
X
X
X

X

X
X
X

X

X

Appendix 3

154

Appendix 3: Alien Plants
Section No.

Scientific Name
Setaria faberi
Setaria pumila
Sida spinosa
Silene latifolia
Solanum carolinense
Solanum dulcamara
Sonchus asper
Sorghum halepense
Stellaria graminea
Stellaria media
Symphoricarpos orbiculatus
Taraxacum officinale
Taxus cuspidata
Thlaspi alliaceum
Thlaspi arvense
Tragopogon pratensis
Trifolium aureum
Trifolium campestre
Trifolium hybridum
Trifolium pratense
Trifolium repens
Triodanis perfoliata
Tsuga canadensis
Tussilago farfara
Urtica dioica
Valerianella locusta
Verbascum blattaria
Verbascum thapsus
Veronica anagallis-aquatica
Veronica arvensis
Veronica hederifolia
Veronica officinalis
Veronica persica
Veronica serpyllifolia
Viburnum dilatatum
Vicia sativa
Vicia tetrasperma
Vinca minor
Viola arvensis
Vulpia myuros

White Clay Creek State Park

Common Name
giant foxtail
dwarf yellow foxtail
prickly mallow
white campion
Carolina horse-nettle
climbing nightshade
spiny-leaf sowthistle
Johnson grass
little starwort
common starwort
coral-berry
common dandelion
Japanese yew
penny-cress
field penny-cress
meadow goats beard
yellow clover
low hop clover
alsike clover
red clover
white clover
Venus'-looking-glass
eastern hemlock
coltsfoot
stinging nettle
European cornsalad
moth mullein
great mullein
brook-pimpernell
corn speedwell
ivy-leaf speedwell
Gypsy-weed
Perscians' speedwell
thyme-leaved speedwell
exotic arrow-wood
spring vetch
lentil vetch
periwinkle
small wild pansy
foxtail fescue

Threat Abundance
Rank
Rank
4
5
4
5
4
3
4
2
4
5
3
1
4
3
4
2
4
1
4
5
5
1
4
5
5
1
4
3
4
3
3
1
3
1
3
3
3
3
4
5
4
4
4
3
5
1
4
1
1
5
4
1
4
4
4
4
4
1
3
5
1
4
4
4
4
3
3
3
2
1
4
1
4
3
5
4
4
1
4
1

4

5

6

7

8

9

10

11

12

X
X
X

X
X

X
X

X
X

X

X
X
X

X

X

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X
X
X

X
X

X

X

X
X

X

13

X

X
X
X
X
X

X
X
X

X

X

14
(Middle
Run)
X
X
X

15
(Pike
Creek)
X
X
X

X

X

X

X
X

X
X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X
X
X

X
X

X
X

X
X

X
X
X
X

X
X
X
X

X
X
X
X

X
X
X
X
X
X

X

X
X
X
X
X

X
X
X
X

X
X

X
X

X
X

X
X

X

X

X

X
X
X
X
X

X
X

X
X

X
X
X
X
X

X
X
X

X

X

X
X
X
X
X

X

X
X

X
X
X
X
X

X
X
X
X
X

X

X

X

X
X

X
X

X

X
X
X
X
X
X

X
X

X
X

X

X
X

X

X

X

X

X

X

X

X

X
X
X

X

X
X

X

X

X

X
X

X

X
X
X
X
X

X
X
X

X

X
X

X

X
X

X
X

X
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Scientific Name
Vulpia octoflora
Wisteria floribunda
Xanthium strumarium
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Common Name
slender eight-flowered fescue
Japanese wisteria
rough cockle-bur

Threat Abundance
Rank
Rank
5
1
2
1
4
3

4

5

6

X

X

7

8

9

10

11

X

12

13

14
(Middle
Run)
X

X
X

15
(Pike
Creek)

X

Total # of Aliens

121 118 150 116 131

90

103

91

139 111

86

131

Total # of Invasives

26

22

21

14

20

15

27

27

26

24

27

28
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A PP E N D I X 4: Bryophytes of White Clay Creek State Park, New Castle Co., Delaware.
Family

Scientific Name

Habitat

Amblystegium serpens (Hedw.) Schimp. in
B.S.G. var. serpens
Amblystegium varium (Hedw.) Lindb.
Calliergon giganteum (Schimp.) Kindb.
Campylium radicale (P. Beauv.) Grout
Hygroamblystegium tenax (Hedw.) Jens.

Base of trees, soils

SUBDIVISION – MUSCI (Mosses)
Class – Bryopsida (True Mosses)
AMBLYSTEGIACEAE

Leptodictyum riparium (Hedw.) Warnst.

Base of trees, soils
Mucky soils in seeps and wet fields
Decomposing logs
Rocks in streams, decomposing logs in
seeps and wet fields
Decomposing logs and stumps in seeps
and wet fields

ANOMODONTACEAE

Anomodon attenuatus (Hedw.) Hub.
Anomodon minor (Hedw.) Furnr.
Anomodon rostratus (Hedw.) Schimp.
Haplohymenium triste (Ces. in De Not)
Kindb.

Base of trees and bedrock exposures
Stone wall
Base of trees and bedrock exposures
Tree trunks

AULACOMNIACEAE

Aulacomnium palustre (Hedw.) Schwaegr.

Decomposing logs and stumps in seeps
and wet fields

BARTRAMIACEAE

Bartramia pomiformis Hedw.
Philonotis fontana (Hedw.) Brid.

Soils of bedrock exposures
Mucky soils in seeps and wet fields

BRACHYTHECIACEAE

Brachythecium acuminatum (Hedw.) Aust.
Brachythecium plumosum (Hedw.) Schimp.
in B.S.G.
Brachythecium rivulare Schimp. in B.S.G.

Rocks, base of trees, decomposing logs
Rocks in streams

Brachythecium salebrosum (Web. & Mohr)
schimp. in B.S.G.
Bryhnia graminicolor (Brid.) Grout
Bryhnia novae-angliae (Sull. & Lesq. in
Sull.) Grout
Bryoandersonia illecebra (Hedw.) Robins.
Eurhynchium hians (Hedw.) Sande Lac.
Platyhypnidium riparioides (Hedw.) Dix.
Steerecleus serrulatus (Hedw.) Robins.

Rocks, soil and decomposing logs in
seeps
Base of trees and soils
Streambanks, moist soils, rocks
Streambanks, moist soils, rocks
Streambanks, bare soil, bases of trees
Moist soils
Rocks in streams
Base of trees, bare soil, streambanks

BRYACEAE

Pohlia nutans (Hedw.) Lindb.

Bare soil

BUXBAUMIACEAE

Diphyscium foliosum (Hedw.) Mohr

Soils of bedrock exposures

CLIMACIACEAE

Climacium americanum Brid.

Decomposing logs and stumps in seeps
and wet fields

DICRANACEAE

Dicranella heteromalla (Hedw.) Schimp.
Dicranum flagellare Hedw.
Dicranum montanum Hedw.
Dicranum scoparium Hedw.

Bare soil
Decomposing logs and stumps, bases
of trees
Boulders of bedrock exposures
Boulders of bedrock exposures

DITRICHACEAE

Ceratodon purpureus (Hedw.) Brid.

Bare soil

ENTODONTACEAE

Entodon seductrix (Hedw.) C. Mull.

Base of trees

Delaware Natural Heritage Program
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Family

Scientific Name

Habitat

FISSIDENTACEAE

Fissidens bryoides Hedw.
Fissidens taxifolius Hedw.

Rocks in streams
Steam banks

FUNARIACEAE

Physcomitrium pyriforme (Hedw.) Hampe

Decomposing logs and stumps in seeps
and wet fields

GRIMMIACEAE

Grimmia pilifera P. Beauv.

Boulders of bedrock exposures, stone
walls

HEDWIGIACEAE

Hedwigia ciliata (Hedw.) P. Beauv.

Boulders of bedrock exposures, tree
trunks

HELODIACEAE

Helodium paludosum (Sull.) Aust.

Decomposing logs and stumps in seeps
and wet fields

HYPNACEAE

Callicladium haldanianum (Grev.) Crum
Hypnum imponens Hedw.

Base of trees, decomposing logs
Decomposing logs and stumps; bases
of trees, rocks near streams
Bare soil
Base of trees, boulders of bedrock
exposures
Decomposing logs and stumps, bases
of trees
Tree trunks and base of trees
Tree trunks and base of trees

Hypnum lindbergii Mitt.
Hypnum pallescens (Hedw.) P. Beauv.
Isopterygium tenerum (Sw.) Mitt.
Platydictya subtilis (Hedw.) Crum
Platygyrium repens (Brid.) Schimp. in
B.S.G.
Pseudotaxiphyllum elegans (Brid.) Iwats.

Streambanks

LEPTODONTACEAE

Forsstroemia trichomitria (Hedw.) Lindb.

Tree trunks

LESKEACEAE

Leskea gracilescens Hedw.
Leskea polycarpa Hedw.

Base of trees
Base of trees

LEUCOBRYACEAE

Leucobryum albidum (Brid. ex P. Beauv.)
Lindb.

Bare soil

MNIACEAE

Mnium hornum Hedw.
Plagiomnium ciliare (C. Mull.) T. Kop.
Plagiomnium cuspidatum (Hedw.) T. Kop.
Rhizomnium punctatum (Hedw.) T. Kop.

Streambanks
Streambanks
Streambanks
Rocks in streams

MYRINIACEAE

Schwetschkeopsis fabronia (Schwaegr.)
Broth.

Boulders of bedrock exposures, base of
trees

ORTHOTRICHACEAE

Orthotrichum ohioense Sull. & Lesq. in
Aust.
Orthotrichum stellatum Brid.
Ulota crispa (Hedw.) Brid.
Ulota hutchinsiae (Sm.) Hamm.

Tree trunks

PLAGIOTHECIACEAE

Plagiothecium cavifolium (Brid.) Iwats.
Plagiothecium denticulatum (Hedw.)
Schimp. in B.S.G.

Streambanks, moist soils, rocks
Streambanks, moist soils, rocks

POLYTRICHACEAE

Atrichum altecristatum (Ren. & Card.)
Smyth & Smyth
Atrichum angustatum (Brid.) Bruch &
Schimp. in B.S.G.
Atrichum oerstedianum (C. Mull.) Mitt.
Polytrichum commune Hedw. var. commune
Polytrichum ohioense Ren. & Card.

Bare soil
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Tree trunks
Tree trunks
Boulders of bedrock exposures

Bare soil
Bare soil
Bare soil
Bare soil
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Family

Scientific Name

Habitat

PTYCHOMITRIACEAE

Ptychomitrium incurvum (Schwaegr.)
Spruce

Boulders of bedrock exposures

SEMATOPHYLLACEAE

Brotherella recurvans (Michx.) Fleisch.
Sematophyllum adnatum (Michx.) Britt.

Rocks, base of trees, decomposing logs
Tree trunks

THELIACEAE

Thelia hirtella (Hedw.) Sull. in Sull. & Lesq.

Tree trunks and base of trees

THUIDIACEAE

Rauiella scita (P. Beauv.) Reim.
Thuidium delicatulum (Hedw.) Schimp. in
B.S.G.

Moist soils
Decomposing logs and stumps, rocks,
streambanks, seeps

Sphagnum palustre L.

Hummocks in seeps and wet fields

Sphagnum compactum DC. in Lam. & DC.

Hummocks in seeps and wet fields

Class – Sphagnopsida (Peat Mosses)
SPHAGNACEAE
Section Sphagnum
Section Rigida

SUBDIVISION – HEPATICAE (Liverworts & Hornworts)
Class – Hepaticopsida (Liverworts)
Order – Metzgeriales (Thalloid Liverworts)
ANEURACEAE

Aneura pinguis (L.) Dum.

Decomposing logs and stumps in seeps
and wet fields

PALLAVICINIACEAE

Pallavicinia lyellii (Hook.) Carruth.

Decomposing logs and stumps in seeps
and wet fields

PELLIACEAE

Pellia epiphylla (L.) Corda

Decomposing logs and stumps in seeps
and wet fields

Order – Marchantiales (Thalloid Liverworts)
CONOCEPHALACEAE

Conocephalum conicum (L.) Lindb.

Bare soils on streambanks

RICCIACEAE

Riccia sullivantii Aust.

Bare soil

Order – Jungermanniales (Leafy Liverworts)
JUBULACEAE
Frullania eboracensis Gottsche

Tree trunks

LOPHOCOLEACEAE

Lophocolea heterophylla (Schrad.) Dum.

Decomposing logs and stumps in seeps
and wet fields, base trees

CALYPOGEJACEAE

Calypogeja muelleriana (Schiffn.) K. Mull.

Bare soils on streambanks

LEJEUNEACEAE

Coloejeunea biddecomiae (Aust.) Evans

Boulders of bedrock exposures and tree
trunks

JUNGERMANNIACEAE

Jungermannia gracillima Sm.

Rocks in streams and bares soils of
streambanks

PORELLACEAE

Porella platyphylla (L.) Pfeiff.

Tree trunks
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Family
SCAPANIACEAE

White Clay Creek State Park

Scientific Name
Diplophyllum apiculatum (Evans) Steph.
Scapania nemorosa (L.) Dum.
Scapania undulata (L.) Dum.
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Habitat
Boulders of bedrock exposures and bare
soils
Bare soil and rocks
Rocks in streams
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A PP E N D I X 5: Animals (excluding mammals) of White Clay Creek State Park, New Castle Co.,
Delaware.
Common Name
VERTEBRATES
Birds:
American Bittern
Great Blue Heron
Great Egret
Snowy Egret
Little Blue Heron
Green Heron
Canada Goose
Wood Duck
Mallard
Black Vulture
Turkey Vulture
Osprey
Sharp-shinned Hawk
Cooper's Hawk
Red-shouldered Hawk
Red-tailed Hawk
Wild Turkey
Killdeer
Solitary Sandpiper
American Woodcock
Rock Dove
Mourning Dove
Yellow-billed Cuckoo
Eastern Screech-Owl
Barred Owl
Great Horned Owl
Chimney Swift
Ruby-throated Hummingbird
Belted Kingfisher
Red-bellied Woodpecker
Downy Woodpecker
Hairy Woodpecker
Northern Flicker
Pileated Woodpecker
Eastern Wood-Pewee
Acadian Flycatcher
Willow Flycatcher
Least Flycatcher
Eastern Phoebe
Great Crested Flycatcher
Eastern Kingbird
Tree Swallow
Northern Rough-winged
Swallow
Barn Swallow
Blue Jay
American Crow
Fish Crow
Carolina Chickadee

Scientific Name

Botaurus lentiginosus
Ardea herodias
Casmerodius albus
Egretta thula
Egretta caerulea
Butorides virescens
Branta canadensis
Aix sponsa
Anas platyrhynchos
Coragyps atratus
Cathartes aura
Pandion haliaetus
Accipiter striatus
Accipiter cooperii
Buteo lineatus
Buteo jamaicensis
Meleagris gallopavo
Charadrius vociferus
Tringa solitaria
Scolopax minor
Columba livia
Zenaida macroura
Coccyzus americanus
Otus asio
Strix varia
Bubo virginianus
Chaetura pelagica
Archilochus colubris
Ceryle alcyon
Melanerpes carolinus
Picoides pubescens
Picoides villosus
Colaptes auratus
Dryocopus pileatus
Contopus virens
Empidonax virescens
Empidonax traillii
Empidonax minimus
Sayornis phoebe
Myiarchus crinitus
Tyrannus tyrannus
Tachycineta bicolor
Stelgidopteryx serripennis
Hirundo rustica
Cyanocitta cristata
Corvus brachyrhynchos
Corvus ossifragus
Poecile carolinensis

Delaware Natural Heritage Program

State Rank

Global Rank

S1B
S2B
S1B
S1B
S1B
S4B
S4B, S5N
S5B, SZN
S5B, S5N
S2B
S5B
S3B
S4N
S1B, SZN
S2B, S3N
S5
S4
S5B
SZN
S4
SE
S5
S4B
S5
S2
S5
S5B
S5B
S4
S5
S5
S3
S5
S3
S5B
S5
S3B
SHB, SZN
S5B
S5B
S5B
S5B
S5B

G4
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5

S5B
S5
S5
S5
S5

G5
G5
G5
G5
G5
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Common Name
Tufted Titmouse
Red-breasted Nuthatch
White-breasted Nuthatch
Brown Creeper
Carolina Wren
House Wren
Winter Wren
Golden-crowned Kinglet
Ruby-crowned Kinglet
Blue-gray Gnatcatcher
Eastern Bluebird
Veery
Gray-cheeked Thrush
Swainson’s Thrush
Hermit Thrush
Wood Thrush
American Robin
Gray Catbird
Northern Mockingbird
Brown Thrasher
Cedar Waxwing
European Starling
White-eyed Vireo
Blue-headed Vireo
Yellow-throated Vireo
Warbling Vireo
Red-eyed Vireo
Blue-winged Warbler
Tennessee Warbler
Northern Parula
Yellow Warbler
Chestnut-sided Warbler
Magnolia Warbler
Black-throated Blue Warbler
Yellow-rumped Warbler
Black-throated Green Warbler
Blackburnian Warbler
Yellow-throated Warbler
Pine Warbler
Prairie Warbler
Palm Warbler
Bay-breasted Warbler
Blackpoll Warbler
Cerulean Warbler
Black-and-white Warbler
American Redstart
Worm-eating Warbler
Ovenbird
Northern Waterthrush
Louisiana Waterthrush
Kentucky Warbler
Common Yellowthroat
Hooded Warbler
Wilson’s Warbler
Canada Warbler
Scarlet Tanager
162
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Scientific Name
Baeolophus bicolor
Sitta canadensis
Sitta carolinensis
Certhia americana
Thryothorus ludovicianus
Troglodytes aedon
Troglodytes troglodytes
Regulus satrapa
Regulus calendula
Polioptila caerulea
Sialia sialis
Catharus fuscescens
Catharus minimus
Catharus ustulatus
Catharus guttatus
Hylocichla mustelina
Turdus migratorius
Dumetella carolinensis
Mimus polyglottos
Toxostoma rufum
Bombycilla cedrorum
Sturnus vulgaris
Vireo griseus
Vireo solitarius
Vireo flavifrons
Vireo gilvus
Vireo olivaceus
Vermivora pinus
Vermivora peregrina
Parula americana
Dendroica petechia
Dendroica penslyvanica
Dendroica magnolia
Dendroica caerulescens
Dendroica coronata
Dendroica virens
Dendroica fusca
Dendroica dominica
Dendroica pinus
Dendroica discolor
Dendroica palmarum
Dendroica castanea
Dendroica striata
Dendroica cerulea
Mniotilta varia
Setophaga ruticilla
Helmitheros vermivorus
Seiurus aurocapillus
Seiurus noveboracensis
Seiurus motacilla
Oporornis formosus
Geothlypis trichas
Wilsonia citrina
Wilsonia pusilla
Wilsonia canadensis
Piranga olivacea

State Rank
S5
SZN
SZN
S1B, S4N
S5
S5B
SZN
SZN
SZN
S5B
S5
S2B
SZN
SZN
SZN
S5B
S5
S5B
S5
S4B
S4
SE
S5B
SZN
S3B
S2B
S5B
S1B
SZN
S1B
S4B
S1B
SZN
SZN
S5
SZN
SZN
S2B
S5B
S4B
SZN
SZN
SZN
S1B
S3B
S1B
S3B
S5B
SZN
S3B
S3B
S5B
S1B
SZN
SZN
S4B

Global Rank
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G4
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
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Common Name
Northern Cardinal
Rose-breasted Grosbeak
Blue Grosbeak
Indigo Bunting
Chipping Sparrow
Eastern Towhee
Field Sparrow
Grasshopper Sparrow
Song Sparrow
Swamp Sparrow
White-throated Sparrow
Dark-eyed Junco
Red-winged Blackbird
Common Grackle
Brown-headed Cowbird
Orchard Oriole
Baltimore Oriole
House Finch
American Goldfinch
House Sparrow

Scientific Name
Cardinalis cardinalis
Pheucticus ludovicianus
Guiraca caerulea
Passerina cyanea
Spizella passerina
Pipilo erythrophthalmus
Spizella pusilla
Ammodramus savannarum
Melospiza melodia
Melospiza georgiana
Zonotrichia albicollis
Junco hyemalis
Agelaius phoeniceus
Quiscalus quiscula
Molothrus ater
Icterus spurius
Icterus galbula
Carpodacus mexicanus
Carduelis tristis
Passer domesticus

Amphibians:
Spotted salamander
Dusky salamander
Northern two-lined salamander
Longtail salamander
Four-toed salamander
Redback salamander
Eastern newt
Red salamander
American toad
Northern cricket frog
Spring peeper
Eastern spadefoot
Bullfrog
Green frog
Pickerel frog
Wood frog

Ambystoma maculatum
Desmognathus fuscus
Eurycea bislineata
Eurycea longicauda
Hemidactylum scutatum
Plethodon cinereus
Notophthalmus viridescens
Pseudotriton ruber
Bufo americanus
Acris crepitans
Pseudacris crucifer
Scaphiopus holbrookii
Rana catesbiana
Rana clamitans
Rana palustris
Rana sylvatica

S2
S5
S5
S1
S1
S5
S4
S3
S5
S5
S5
S4
S5
S5
S5
S4

G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5

Reptiles:
Snapping turtle
Painted turtle
Spotted turtle
Bog turtle
Redbelly turtle
Eastern box turtle
Common Musk Turtle
Racer
Ringneck snake
Black rat snake
Milk snake
Northern water snake
Brown snake
Eastern ribbon snake
Eastern garter snake

Chelydrys serpentina
Chrysemys picta
Clemmys guttata
Clemmys muhlenbergii
Chrysemys rubriventris
Terrapene carolina
Sternotherus odoratus
Coluber constrictor
Diadophis punctatus
Elaphe obsoleta
Lampropeltis t. triangulum
Nerodia sipedon
Storeria d. decayi
Thamnophis sauritus
Thamnophis sirtalis

S5
S5
S3
S1
S5
S5
S5
S5
S5
S5
S2
S5
S3
S2
S5

G5
G5
G5
G3?TQ
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
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State Rank
S5
SAB, SZN
S5B
S5B
S3N, S5B
S5B, SZN
S4
S3B
S5
S3B, S4N
SZN
SZN
S5
S5
S5
S4B
S4B
SE
S5
SE

Global Rank
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
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Common Name
Fish:
American brook lamprey
American eel
Rainbow trout
Goldfish
Rosyside dace
Cutlips minnow
Spottail shiner
Swallowtail shiner
Blacknose dace
Longnose dace
Creek chub
Fallfish
Satinfin shiner
Spotfin shiner
Common shiner
White sucker
Rock bass
Redbreast sunfish
Pumpkinseed
Bluegill
Tessellated darter
INVERTEBRATES
Butterflies:
Spicebush swallowtail
Eastern tiger swallowtail
Cabbage white
Clouded sulphur
Orange sulphur
Sleepy orange
Harvester
Red-banded hairstreak
Gray hairstreak
Eastern tailed-blue
Summer azure
Variegated fritillary
Great spangled fritillary
Meadow fritillary
Pearl crescent
Question mark
Eastern comma
Mourning cloak
American lady
Red admiral
Common buckeye
Red-spotted purple
Viceroy
Appalachian eyed brown
Little wood satyr
Common wood-nymph
Monarch
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Scientific Name

State Rank

Global Rank

Lampetra appendix
Anguilla rostrata
Oncorhynchus mykiss
Carassius auratus
Clinostomus funduloides
Exoglossum maxillingua
Cyprinella spiloptera
Notropis procne
Rhinichthys atratulus
Rhinichthys cataractae
Semotilus atromaculatus
Semotilus corporalis
Cyprinella analostana
Cyprinella spiloptera
Luxilus cornutus
Catostomus commersoni
Ambloplites rupestris
Lepomis auritus
Lepomis gibbosus
Lepomis macrochirus
Etheostoma olmstedi

S2
S5
SE
SE
S4
S4
S5
S4
S4
S4
S4
S4
S4
S3
S4
S5
SE
S4
S5
SE
S5

G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5

Papilio troilus
Papilio glaucus
Pieris rapae
Colias philodice
Colias eurytheme
Eurema nicippe
Feniseca tarquinius
Calycopis cecrops
Strymon melinus
Everes comyntas
Celastrina neglecta
Euptoieta claudia
Speyeria cybele
Boloria bellona
Phyciodes tharos
Polygonia interrogationis
Polygonia comma
Nymphalis antiopa
Vanessa virginiensis
Vanessa atalanta
Junonia coenia
Limenitis astyanax
Limenitis archippus
Satyrodes appalachia
Megisto cymela
Cercyonis pegala
Danaus plexippus

S5
S5
SE
S5
S5
SZB
SU
S4
S5
S5
S5
SZB
S4
SU
S5
S5
S5
S5
SZB
SZB
SZB
S5
S5
S4
S5
S5
S5

G5
G5
G5
G5
G5
G5
G4
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G4
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Common Name
Silver-spotted skipper
Juvenal's duskywing
Horace's duskywing
Wild Indigo duskywing
Swarthy skipper
Least skipper
Fiery skipper
Peck's skipper
Tawny-edged skipper
Crossline skipper
Northern broken-dash
Little glassywing
Sachem
Mulberry wing
Hobomok skipper
Zabulon skipper
Black dash
Dun skipper

Appendix 5: Animals
Scientific Name
Epargyreus clarus
Erynnis juvenalis
Erynnis horatius
Erynnis baptisia
Nastra lherminier
Ancyloxpha numitor
Hylephila phyleus
Polites peckius
Polites themistocles
Polites origines
Wallengrenia egerement
Pompeus verna
Atalopedes campestris
Poanes massasoit
Poanes hobomok
Poanes zabulon
Euphyes conspicua
Euphyes vertris

State Rank
S5
S5
S5
SU
S4
S5
SZB
S5
S4
S5
S5
SU
SZB
S1
SU
S5
SU
S?

Global Rank
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G4
G5
G5
G4
G5

Dragonflies:
Tiger spiketail
Lancet clubtail
Ashy clubtail
Least clubtail
Common green darner
Fawn darner
Illinois river cruiser
Common baskettail
Halloween pennant
Eastern pondhawk
White-spangled skimmer
Slaty skimmer
Widow skimmer
Twelve spotted skimmer
Painted skimmer
Great blue skimmer
Common whitetail
Blue dasher
Eastern amberwing
Ruby meadowhawk
Yellow-legged meadowfly
Black mantled glider
Unicorn clubtail

Cordulegaster erronea
Gomphus exilis
Gomphus lividus
Stylogomphus albistylus
Anax junius
Boyeria vinosa
Macromia illinoiensis
Tetragoneuria cynosura
Celithemis eponina
Erythemis simplicicollis
Libellula cyanea
Libellula incesta
Libellula luctuosa
Libellula pulchella
Libellula semifasciata
Libellula vibrans
Libellula lydia
Pachydiplax longipennis
Perithemis tenera
Sympetrum rubicundulum
Symptetrum vicinum
Tramea lacerata
Gomphus villosipes

S2
S5
S4
S2
S5
S4
S2
S4
S4
S5
S5
S5
S4
S3
S4
S3
S5
S5
S5
S4
S4
S3
S2

G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5
G5

Damselflies:
Ebony jewelwing
American rubyspot
Slender spreadwing
Blue-fronted dancer
Variable dancer
Powdered dancer
Turqoise bluet
Big bluet
Stream bluet

Calopteryx maculata
Hetaerina americana
Lestes rectangularis
Argia apicalis
Argia fumipennis
Argia moesta
Enallagma divagans
Enallagma durum
Enallagma exsulans

S5
S3
S4
S4
S5
SU
S4
S2
S5

G5
G5
G5
G5
G5
G5
G5
G5
G5
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Appendix 5: Animals

Common Name
Fragile forktail
Rambur’s forktail
Eastern forktail
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Scientific Name
Ischnura posita
Ischnura ramburii
Ischnura verticallis

State Rank
S5
S5
S5

Global Rank
G5
G5
G5
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Addendum 1

A D D E N D U M 1. Key corresponding to map of rare plant and Bog turtle locations; map supplied to the
Delaware Division of Parks and Recreation only.
Dot
Number

Scientific Name

Common name

1

Allium tricoccum

small white leek

2

Cerastium nutans

nodding chickweed

3

Vernonia glauca

broad-leaf ironweed

4

Isotria verticillata

large whorled pogonia

5

Cynoglossum virginianum

wild comfrey

6

Botrychium matricariifolium

chamomile grape-fern

7

Liparis liliifolia

large twayblade

8

Liparis liliifolia
Elymus hystrix

large twayblade
bottle-brush grass

9

Trillium cernuum

nodding trillium

10

Cystopteris tenuis
Trichophorum planifolium

a bladderfern
bashful bulrush

11

Carex granularis
Arabis canadensis

meadow sedge
sicklepod

12

Trillium cernuum
Cardamine rotundifolia

nodding trillium
round-leaf water cress

13

Poa cuspidata
Polygonatum biflorum var. commutatum

bluegrass
giant solomon’s seal

14

Carex bromoides

brome-like sedge

15

Arisaema dracontium

green dragon

16

Aralia racemosa

American spikenard

17

Desmodium glutinosum
Liparis liliifolia
Aplectrum hyemale
Orobanche uniflora

large tick-trefoil
large twayblade
puttyroot
one-flowered broomrape

18

Carex gracilescens

slender sedge

19

Mertensia virginica

Virginia bluebell

20

Trillium cernuum
Cystopteris tenuis

nodding trillium
a bladderfern

21

Aster schreberi
Thalictrum dioicum

Schreber aster
early meadowrue
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Dot
Number
22
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Scientific Name
Allium tricoccum

Common name
small white leek

23

Arisaema dracontium
Triosteum aurantiacum var. aurantia
Galium asprellum

green dragon
coffee tinker’s-weed
rough bedstraw

24

Sedum ternatum

wood stonecrop

25

Arisaema dracontium

green dragon

26

Lilium canadense ssp. canadense

Canada lily

27

Carex squarrosa
Heliopsis helianthoides
Carex frankii

squarrose sedge
ox-eye
Frank sedge

28

Carex bushii

Bush’s sedge

29

Geum laciniatum var. laciniatum

rough avens

30

Arisaema dracontium

green dragon

31

Gentiana andrewsii
Carex trichocarpa

fringe-top bottle gentian
hairy-fruit sedge

32

Gallium asprellum
Clemmys muhlenbergii

rough bedstraw
Bog turtle

33

Aralia racemosa

American spikenard

34

Monotropa hypopithys

American pinesap

35

Polypodium virginianum

rock polypody

36

Monotropa hypopithys
Pyrola elliptica

American pinesap
shinleaf

37

Liparis liliifolia
Osmorhiza claytonii
Trichophorum planifolium

large twayblade
anise flavored sweet-cicely
bashful bulrush

38

Isotria verticillata

large whorled pogonia

39

Spiraea alba var. alba

narrow-leaved meadow-sweet

40

Carex trichocarpa

hairy-fruit sedge

41

Agrimonia striata

woodland agrimony

42

Arisaema dracontium

green dragon

43

Carex gynandra

a sedge

44

Poa cuspidata
Agastaches nepetoides
Orobanche uniflora

bluegrass
yellow giant hyssop
one-flowered broomrape
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Dot
Number
Scientific Name
44
Trillium cernuum

Addendum 1
Common name
nodding trillium

45

Adiantum pedatum

northern maidenhair-fern

46

Euonymus atropurpurea

wahoo

47

Carex frankii
Arisaema dracontium

Frank sedge
green dragon

48

Orobanche uniflora

one-flowered broomrape

49

Trillium cernuum

nodding trillium

50

Scirpus expansus
Carex gynandra

woodland beakrush
a sedge

51

Monotropa hypopithys

American pinesap

52

Carex bromoides

brome-like sedge

53

Carex frankii
Carex sparganioides

Frank sedge
bur-reed sedge

54

Corydalis flavula
Schoenoplectus purshianus
Zannichellia palustris
Carex granularis

yellow corydalis
weakstalk bulrush
horned pondweed
meadow sedge

55

Carex frankii

Frank sedge

56

Scirpus atrovirens

woolgrass bulrush

57

Trillium cernuum
Liparis liliifolia

nodding trillium
large twayblade

58

Muhlenbergia tenuifolia
Aplectrum hyemale

slim-flower muhly
puttyroot

59

Aplectrum hyemale

puttyroot

60

Polypodium virginianum

rock polypody

61

Scirpus expansus

woodland beakrush

62

Isotria verticillata

large whorled pogonia

63

Diphasiastrum tristacyum

deep-root clubmoss

64

Sedum ternatum

wood stonecrop

65

Woodsia obtusa ssp. obtusa
Cystopteris protrusa
Carex torta
Heliopsis helianthoides

blunt-lobe woodsia
lowland brittle fern
twisted sedge
ox-eye

66

Cunila origanoides
Carex willdenowii

common dittany
Willdenow’s sedge
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Dot
Number
66
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Scientific Name
Trichophorum planifolium
Chamaelirium luteum

Common name
bashful bulrush
devil’s bit

67

Arabis canadensis

sicklepod

68

Liparis liliifolia

large twayblade

69

Calystegia spithamaea ssp. spithama

low bindweed

70

Aplectrum hyemale

puttyroot

71

Cynoglossum virginianum

wild comfrey

72

Carex frankii

Frank sedge

73

Liparis liliifolia

large twayblade

74

Cynoglossum virginianum

wild comfrey

75

Scirpus expansus
Myosotis laxa

woodland beakrush
small forget-me-not

76

Adiantum pedatum

northern maidenhair-fern

77

Trillium cernuum
Asclepias exaltata

nodding trillium
poke milkweed

78

Aralia racemosa

American spikenard

79

Aster schreberi
Angelica atropurpurea

Schreber aster
great angelica

80

Cynoglossum virginianum

wild comfrey

81

Osmorhiza claytonii

anise flavored sweet-cicely

82

Viola rotundifolia

roundleaf violet

83

Schoenoplectus purshianus
Cuscuta polygonorum
Rotala ramosior

weakstalk bulrush
smartweed dodder
toothcup

84

Lycopodium hickeyi

Hickey’s clubmoss

85

Cynoglossum virginianum

wild comfrey

86

Arabis canadensis

sicklepod

87

Lycopodium hickeyi

Hickey’s clubmoss

88

Aplectrum hyemale

puttyroot

89

Polygonatum biflorum var. commutatum

giant solomon’s seal

90

Asclepias purpurascens

purple milkweed
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Dot
Number
Scientific Name
91
Scirpus expansus
Myosotis laxa
Clemmys muhlenbergii

Addendum 1
Common name
woodland beakrush
small forget-me-not
Bog turtle

92

Scirpus expansus

woodland beakrush

93

Sedum ternatum

wood stonecrop

94

Scirpus expansus
Podostemum ceratophyllum

woodland beakrush
threadfoot

95

Platanthera peramoena
Carex frankii

purple fringeless orchid
Frank sedge

96

Cystopteris tenuis

a bladderfern
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